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SUMMARY

Commercial poultry hatcheries provide ideal conditions for the multiplication and

spread of microorganisms. Formaldehyde is widely used as a disinfectant; however, it

is harmful to human health and can cause abnormal morphology in chicks. An alter-

native microbiological control is the use of copper, a metallic antimicrobial agent for

contact surfaces. The antimicrobial efficacy of copper surfaces has been established in

healthcare environments. However, its use in the poultry chain is still limited. This

study aimed to compare the antimicrobial activity of common polypropylene hatch

baskets with hatch baskets composed of copper (polypropylene hatch baskets covered

by copper hatch baskets; polypropylene hatch baskets with solid copper plates on the

bottom; polypropylene hatch baskets covered by copper hatch baskets and with solid

copper plates on the bottom). To simulate a hatching environment with high contami-

nation, the eggs and hatching cabinet were not fumigated. Microbiological analysis of

the hatching cabinet environmental, surface of hatch basket, and fluff were performed.

The results indicated that the absence of bottom holes resulted in a higher volume of

organic matter that interfered with the copper's antimicrobial activity. The presence of

copper in the hatch baskets did not decrease microbial contamination under the condi-

tions evaluated, confirming that the metal should only be used as a complement to

standard hygiene and not as a substitute for surface disinfectants. Further analysis will

evaluate the antimicrobial activity of hatch baskets composed only of copper and the

ability of nanoparticles to remove the biofilms formed by bacteria isolated from the

poultry environment.
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DESCRIPTION OF PROBLEM

Microbial contamination in a few hatching

eggs is easily disseminated by air movement

and thus can contaminate other chicks through-

out the same hatcher room (Buhr et al., 2013;

Warren et al., 2016). Commercial poultry

hatcheries have ideal temperature, nutrient, and

humidity conditions for the maintenance and

multiplication of microorganisms

(Graham et al., 2018). Common microorgan-

isms such as Escherichia coli, Staphylococcus,

Streptococcus, Pseudomonas, Salmonella, and

Aspergillus fumigatus can adversely affect the

eggs' hatchability, affect chick quality, and

even result in embryonic deaths (Gehan, 2009).

Contamination is especially high in hatch bas-

kets, which must be thoroughly cleansed to pre-

vent them from becoming a source of pathogen

spread. Washing and sanitizing chicken trans-

port cages reduces, but does not completely

eliminate, bacterial contamination on the floor-

ing surface (Northcutt and Berrang, 2006).

Therefore, an effective sanitation program is

essential for a poultry hatchery’s successful

operation (Graham et al., 2018). Formaldehyde

is a chemical feedstock for numerous industrial

processes and is widely used as a disinfectant

and biocide in Brazilian hatcheries because it is

cheap, easily available, noncorrosive, and kills

most microorganisms (Salthammer et al.,

2010). However, formaldehyde is a mucosal

irritant and as a fumigant, has a persistent nox-

ious odor, making venting its vapors difficult

(Salthammer et al., 2010; Graham et al., 2018).

In addition, due to its classification as a human

carcinogen, it has been banned in several coun-

tries. This classification was based on studies of

the relationship between formaldehyde expo-

sure and nasopharyngeal cancer and leukemia

(Salthammer et al., 2010; Swenberg et al.,

2013). In the hatchery, exposing chicks to form-

aldehyde gas during pipping has been shown to

cause ciliostasis and abnormal morphology

(Hayretdag and Kolankaya, 2008). Other mod-

erately effective disinfectants such as quater-

nary ammonium compounds, peroxides,

glutaraldehyde, and phenolics are also currently

utilized in the poultry industry (Gehan, 2009).

Thus far, efforts to replace the use of formalde-

hyde have found large microbial populations in
hatching cabinets despite the application of

alternative sanitation procedures (Wright et al.,

1995; Graham et al., 2018).

An alternative microbiological control for

these structures is the use of surfaces made of

copper, which the US Environmental Protection

Agency registered in 2008 as the first metallic

antimicrobial agent for contact surfaces

(Depner et al., 2015). The antimicrobial effi-

cacy of copper surfaces has been established

for a variety of bacteria and fungi, including in

healthcare environments (Noyce et al., 2006;

Elguindi et al., 2011a; Depner et al., 2016;

Vincent et al., 2016; Parra et al., 2018). Current

worldwide concern about increasing antimicro-

bial resistance and growing concerns for the

environment and excessive disinfectant use has

led researchers to reconsider the use of alterna-

tive antimicrobial agents such as trace ele-

ments, e.g., copper (Elguindi et al., 2011a;

Vincent et al., 2016). Although copper has been

a part of the Earth for millions of years, micro-

bial tolerance to copper is extremely rare. This

is explained by copper’s multisite kill mecha-

nism and its mostly nonspecific damage mecha-

nisms (Borkow and Gabbay, 2009). Some

experimental studies have demonstrated in situ

that surfaces containing at least 55 to 70% cop-

per eliminate many seeded pathogenic microor-

ganisms (Vincent et al., 2016). In addition, the

incorporation of copper nanoparticles in poly-

meric matrices has produced excellent results

in inhibiting the growth of a broad spectrum of

microorganisms (Tamayo et al., 2016).

Copper is an essential nutrient for many

organisms, including microbes, and enzyme-

associated copper is a requirement for aerobic

metabolism. However, excess copper accumu-

lation or the intracellular release of free copper

leads to severe toxicity (Quaranta et al., 2011).

Copper toxicity is related to its tendency to

alternate its oxidation state between cuprous

(Cu1+) and cupric (Cu2+) ions (Depner et al.,

2015). Under aerobic conditions, copper readily

catalyzes reactions that result in the production

of hydroxyl radicals. These radicals damage

biomolecules such as proteins and lipids and

may be involved in damage to nucleic acids

(Quaranta et al., 2011; Souli et al., 2013). The

genome and plasmid analyses of bacterial cells

recovered from metal surfaces have indicated
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substantial DNA degradation after exposure to

copper. However, several authors claim the

DNA damage is secondary, caused by cell

death (Warnes et al., 2010; Souli et al., 2013).

The mechanism by which microbial death occurs

on copper contact surfaces is called "contact kill-

ing" (Depner et al., 2015). Thus, the antibacterial

activity of copper relies on close contact between

the bacteria and the surface releasing the ionic

copper, which can be influenced by different fac-

tors such as temperature, humidity, wet or dry

application, copper concentration, type of con-

tact, bacterial species, and the oxidization state of

the ions (Vincent et al., 2016; Parra et al., 2018).

In this study, we aimed to evaluate the antimicro-

bial activity of hatch baskets composed of 99.9%

copper.
MATERIALS ANDMETHODS

Animal Use Approval

All experimental procedures described were

approved by the Ethics Committee on Animal

Use at the Federal University of Santa Maria

(UFSM) under protocol number 130/2014.

Local Description

The experiment was conducted in a commer-

cial poultry hatchery located in the state Rio

Grande do Sul (Southern Brazil). The hatchery

produces a monthly average of 1,300,000 d-old

chicks; the establishment has 16 conventional

incubators with multistage operation and 8

hatching cabinets, 4 on each side of the room.

The machines (model 576, Petersime, Içara,

Brazil) operate with incubator trays having a

capacity for 150 eggs.

To evaluate the copper antimicrobial activity

in a hatching environment with high contamina-

tion, some of the hatchery cleaning and disinfec-

tion program practices were modified. First, the

eggs used in the experiment were not fumigated

with formaldehyde prior to their allocation in the

egg holding room. The hatching cabinet used

was not fumigated in the 3 previous hatchings or

during the tests. Due to the volatility of formal-

dehyde, the other cabinets in the hatching room

were also not fumigated during the experiment.

The other practices in the cleaning and
disinfection program of the hatchery were left

unmodified, including the standard hygiene pro-

tocols for the hatch baskets in the experiment.
Experimental Design

For this experiment, a total of 5 hatchings

were evaluated. Floor eggs from broiler breeder

flocks between 56 and 66 wk old were identified.

For each hatching evaluated, 4 basket composi-

tions (treatments) were tested (Figure 1): 1) poly-

propylene hatch basket; 2) polypropylene hatch

basket covered by a 99.9% Cu (Cu11000) hatch

basket; 3) polypropylene hatch basket containing

a 99.9% Cu (Cu11000) solid bottom plate; 4)

polypropylene hatch basket covered by a 99.9%

Cu (Cu11000) hatch basket and containing a

99.9% Cu (Cu11000) solid bottom plate. All

hatch baskets were the same dimensions (580

mm £ 755 mm £ 83 mm) and were identified

with different colored seals.

The polypropylene hatch basket (Treatment

1) was used as a control. The copper hatch bas-

ket (Treatment 2) is a prototype that fits inside

a conventional polypropylene hatch basket and

is composed of 99.9% Cu. As the antimicrobial

action of copper occurs through close contact

between the bacteria and surface releasing ionic

copper, solid copper bottoms (Treatments 3 and

4) were also tested.

The tests were always performed on the right

side of the hatching cabinet. The hatch baskets

from each treatment were organized in the

same column and were tested in 3 different

positions (upper, intermediate and lower levels)

in the trolleys. A clockwise rotation of the col-

umns for each treatment was established at

each hatching to avoid the influence of treat-

ment position in the trolleys. Thus, the first

position of each treatment was only repeated at

the fifth hatching. The standard temperatures

for the incubators and hatching cabinets were

99.58F and 98.8˚F, respectively. Humidity in a

wet bulb thermometer was maintained at 84˚F

for both machines.
Microbiological Analysis

Surface Swab. The level of microbial con-

tamination on the hatch baskets was evaluated

at 4 time points: 0 h (initial contamination after



Figure 1. Hatch basket compositions used in the experiment: (A) polypropylene hatch basket (Treatment 1/control);
(B) polypropylene hatch basket covered by a prototype 99.9% Cu (Cu11000) hatch basket (Treatment 2); (C) poly-
propylene hatch basket containing a solid 99.9% Cu (Cu11000) plate on the bottom (Treatment 3); (D) polypropylene
hatch basket covered by a prototype 99.9% Cu (Cu11000) hatch basket and containing a 99.9% Cu (Cu11000) plate
on the bottom (Treatment 4).
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disinfection and transfer of the eggs to the

trays); 24 h after the first sampling; 48 h (time

that chicks are removed from the hatching cabi-

net); 7 d (average basket storage period after

hatching and before sanitation for the next

hatching). The bottom of each hatch basket was

sampled with a swab soaked in 0.9% sterile

saline over a 25 cm2 area delimited by a sterile

metal model. The samples were stored in sterile

tubes and refrigerated until laboratory analysis.

The enumeration of total molds and yeasts,

mesophilic microorganisms, Enterobacteria,

and Escherichia coli colonies were performed

according to the guidelines of Normative

Instruction 62 of the Brazilian Ministry of Agri-

culture, Livestock and Supply (MAPA; Bra-

zil, 2003). The results are expressed as colony

forming units per square centimeter (cfu/cm2).

Environmental Contamination. Three

Petri dishes containing plate count agar (PCA;

Oxoid, Basingstoke, UK) and Sabouraud dex-

trose agar (SDA; Oxoid, Basingstoke, UK) for
enumerating the total mesophilic microorgan-

isms and molds and yeasts, respectively, were

placed uncovered in the hatching cabinet envi-

ronment 15 min before the chicks’ removal.

Plates were distributed in the front, middle, and

back of the machine. After a 15-min exposure

period, all plates were covered and refrigerated

until laboratory analysis. The colony counts

were performed according to the MAPA Nor-

mative Instruction 62 (Brazil, 2003) guidelines

and are expressed in cfu. The same procedure

was performed in a closed unfumigated hatch-

ing cabinet in the same room during the experi-

ment.

Fluff Testing. At the end of the hatching

period, fluff samples from each treatment (pool

of the 3 hatch baskets) were collected and

refrigerated until laboratory analysis. The total

mold and yeast counts were performed accord-

ing to MAPA Normative Instruction 62 (Bra-

zil, 2003) guidelines, and the results are

expressed as cfu/g.
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Statistical Analysis

A design with 15 repetitions (hatch baskets)

was used for each treatment in the 5 hatchings.

Levene and Shapiro-Wilk tests were performed

to evaluate the homogeneity of variance and

normality of the parameters, respectively. The

counts of microbiological microorganisms in

surface swabs and environmental contamina-

tion did not show a normal distribution by the

Shapiro-Wilk test analysis (P < 0.05), regard-

less of the treatment. On the other hand, the

microbial counts in the fluff were normally dis-

tributed, according to the analysis by the Sha-

piro-Wilk test (P > 0.05). Based on these

analyses, nonparametric Kruskal-Wallis and

Mann-Whitney tests were used to compare the

means for the total molds and yeasts, meso-

philic microorganisms, Enterobacteria, and E.

coli colonies obtained from the surface swabs

and the environmental contamination collec-

tions. A one-way analysis of variance

(ANOVA) was performed to examine the sta-

tistical significance of the other results. The

microorganism counts within each treatment

were analyzed as a function of time using a

repeated-measure ANOVA. When a Mauchly

test indicated that the sphericity hypothesis was

violated (P < 0.05), the degrees of freedom

were corrected using the Greenhouse-Geisser

procedure. The Statistical Package for Social

Sciences (SPSS), version 20.1, was used for the

analyses, adopting a reference significance

level of 5%.
RESULTS AND DISCUSSION

Microbial contamination in hatcheries and

eggs can seriously impact the viability and

quality of chicks, as well as the overall growth

performance of chickens (Chen et al., 2002;

Graham et al., 2018). The progressive develop-

ment of the poultry industry has led to increased

hatchery sizes, many of them operating nonstop

throughout the year. In addition, poor standards

of hygiene in a hatchery facility can favor an

explosion of pathogenic organisms, resulting in

severe economic losses (Samberg and

Meroz, 1995; Gehan, 2009; Buhr et al., 2013).

Hatchery hygiene level is recognized as an
important factor in healthy poultry production

(Gehan, 2009), and the use of materials with

copper, a metal with antimicrobial properties,

could assist in this process (Vincent et al.,

2016). In addition, the physical properties of

copper include low corrosion, high thermal and

electrical conductivity, and ease in malleability

(Ameh and Sayes, 2019). However, copper

alloys, which have more anticorrosion proper-

ties, may not perform well as bactericidal surfa-

ces. Under these circumstances, maintaining

higher corrosion rates without the application

of corrosion inhibitors is imperative to achieve

the maximum bactericidal effects

(Elguindi et al., 2011b). Microbiological envi-

ronmental monitoring is an essential element of

hygiene control in the hatchery. Diverse moni-

toring methods can be used, including sampling

the hatchery air, surfaces, and fluff, as was per-

formed in our study (Chen et al., 2002;

Warren et al., 2016). Despite being a low cost

and an easy method to perform, the microbio-

logical counts of air sampling may be below

the real levels. Thus, surface swabbing and

microbiological examination of fluff are more

reliable methods for evaluating the hygienic

status of a hatchery. Furthermore, fluff can be

easily sent by mail to a distant laboratory for

evaluation of the hygienic status (Gehan, 2009).

In this study, there were no significant differ-

ences (P > 0.05) in the mesophile, Enterobacte-

ria, E. coli, or mold and yeast counts within

each treatment among the 5 hatchings, regard-

less of sample type (data not shown). Thus, we

consider it unlikely that individual hatching

conditions influenced the results. For statistical

analysis purposes, we considered the mean

microorganism counts from the 4 differing sam-

ple collection time points or observation peri-

ods. The microbial counts from the surface

swabs also showed no differences (P > 0.05)

among the 5 sampling periods evaluated.

Table 1 summarizes the results of the

microbial counts recovered from the hatch

basket surfaces, which show that the hatch

basket composition influenced the amount of

contamination on the surface area. The

microbial counts, in general, were lower (P

< 0.05) for Treatment 2 than for Treatments

3 and 4, regardless of the microorganism.

The exception was the lower concentration



Table 1. Microorganism counts recovered from the hatch basket surfaces, according to treatment.

Treatment Mesophiles Enterobacteria E. coli Molds and yeasts

cfu/cm2 cfu/cm2 cfu/cm2 cfu/cm2

T1 704.44 § 265.63ab 125.79 § 72.26ab 2.95 § 1.84ab 323.82 § 157.11a

T2 576.88 § 255.09b 118.09 § 108.84b 0.39 § 0.26b 168.23 § 124.66b

T3 1185.67 § 524.60a 225.37 § 175.7a 8.12 § 6.50a 779.79 § 364.49a

T4 1286.61 § 448.65a 228.46 § 114.32a 0.14 § 0.10a 264.86 § 124.66a

Data are expressed as the mean § standard deviation and correspond to the mean of the 5 hatchings observed.

Abbreviation: cfu/cm2, colony forming units per square centimeter.
abDifferent letters in the same column indicate there is a statistical difference (P < 0.05) in the microorganism count among

treatments according to a Student-Newman-Keuls test (P-value < 0.05); n = 15/group.

6 JAPR: Research Report
of E. coli recovered from the surface of

hatch baskets in Treatment 4 in relation to

Treatment 2. The release of copper ions

from a copper surface is a key element of

the bacterial killing process. The intimate

contact between the bacteria and copper

causes significant cell membrane damage,

which in turn makes the cells more suscepti-

ble to the released copper ions

(Vincent et al., 2016). Thus, a lower micro-

bial count was expected for Treatments 3

and 4. However, an important difference in

the hatch baskets for Treatments 3 and 4 was

probably responsible for their worse results.

These hatch baskets had a solid plate of cop-

per on the bottom rather than the holes
Figure 2. (A) Plug-in model of the copper hatch basket proto
the bottom of the attached hatch baskets (Treatment 2), sho
space.
present in the hatch baskets used in Treat-

ment 2 (Figure 2). In addition to reducing air

circulation among the hatch baskets, the lack

of holes probably resulted in a higher accu-

mulation of organic matter. This suggests

that despite the greater contact between the

surface and microorganisms in Treatments 3

and 4, the amount of accumulated organic

matter was greater than the antimicrobial

capacity of the copper. Rich culture media,

as seen in this situation, can prolong survival

on copper surfaces due to the copper ions’

binding to organic molecules, decreasing the

copper bioavailability and subsequent ion

influx (Noyce et al., 2006; Elguindi et al.,

2011b).
type inside the polypropylene hatch basket. (B) Detail of
wing the overlapping of the holes and reduction in void



Table 2. Microorganism counts recovered from the
environment, according to hatching cabinet.

Hatching cabinet Mesophiles cfu Molds and yeasts cfu

Test 215.42 § 24.18a 67.42 § 21.36a

Control 135.25 § 35.08a 56.83 § 20.5a

Data are expressed as the mean § standard deviation and

correspond to the mean of the 5 hatchings observed.

Abbreviation: cfu, colony forming units.
aDifferent letters in the same column indicate there is a sta-

tistical difference (P < 0.05) in the microorganism count

among between test and control hatch cabinets according to

Mann-Whitney test (P-value < 0.05); n = 15/group.

Table 3. Mold and yeast counts recovered from the
fluff, according to treatment.

Molds and yeasts

Treatment (cfu/g x 103)

T1 40.4 § 24.8a

T2 36.9 § 18.5a

T3 51.5 § 25.8a

T4 87.9 § 48.7a

Data are expressed as the mean § standard deviation and

correspond to the mean of the 5 hatchings observed.

Abbreviation: cfu/g, colony forming units per gram.
aDifferent letters on the same column indicate that there is

statistical difference (P < 0.05) in microorganism count

among treatments, according to ANOVA (P-value > 0.05).

n = 5/group.
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In contrast, there was no significant differ-

ence (P > 0.05) in the reduction of bacterial

contamination between Treatments 1 (control)

and 2. In this case, only the mold and yeast

counts were lower (P < 0.05; Table 1). Copper

and copper compounds have been shown to

effectively kill a wide range of yeast and fungi

such as Aspergillus sp. (Borkow and Gab-

bay, 2009). However, the hatch baskets in

Treatment 2 had smaller gaps due to an overlap

of the holes in the copper prototype and poly-

propylene hatch baskets (Figure 2). As a result,

compared to the control group (Treatment 1),

the polypropylene hatch baskets in Treatment 2

had a greater accumulation of organic material,

which may have influenced the copper’s antimi-

crobial activity.

Our group has previously shown the efficacy

of antimicrobial copper against bacteria and

fungi isolated from commercial poultry hatch-

eries in vitro. In that experiment, copper plates

were immersed in standardized concentrations

of the microorganisms and achieved promising

results (Depner et al., 2016). Thus, the aim of

this study was to evaluate the antimicrobial

activity of copper in hatching cabinets with

higher environmental contamination and with

some modifications in the hatchery's sanitation
program. It should be noted, however, the Envi-

ronmental Protection Agency (EPA) empha-

sizes that copper and its alloys should only be

used as a complement to hygiene control and

not as a substitute for standard surface cleaning

and disinfection practices (EPA, 2008).

Several factors probably influenced the

observed results. In addition to the excess

organic matter that accumulated in the bottom

of the hatch baskets, another factor that proba-

bly influenced the higher counts was the lack of

the minimum contact time. Initial microbial

sampling occurred immediately after contact, i.

e., there was not enough time for microbe inac-

tivation. Previous studies have shown that it

takes up to 3 h for copper ions to be released

(Santo et al., 2012). This is not viable in hatch-

eries due to the chicks’ movements in the hatch

baskets, which alter the positions of the organic

matter (fluff, eggshell, blood, and meconium)

in the baskets. According to Wilks et al. (2006),

bacteria exposed to metallic copper surfaces do

not enter the physiological state classified as
viable but not cultivable; generally, the bacteria

are instead completely inactivated.

Table 2 shows the results of the mesophile,

mold and yeast counts in the hatching cabinet

environment. There were no significant differ-

ences (P > 0.05) between the counts inside the

hatching cabinets of the experimental and con-

trol machines. Both machines showed high con-

tamination, associated with not fumigating the

environment and eggs during the experiment.

The ability of copper to kill bacteria on contact

is suppressed if bacterial-metal contact is pre-

vented (Mathews et al., 2013; Vincent et al.,

2016), as it was in this case, by the accumula-

tion of organic material.

Table 3 shows the results of the mold and

yeast counts recovered from the fluff. There

were no significant differences (P > 0.05)

among the treatments, despite the lower mold

and yeast count means observed in Treatment

2. The fluff samples were collected from the
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hatching cabinet after hatching and from the

chick processing room. Chick fluff is the most

representative sample of the immediate hatch-

ing atmosphere (Warren et al., 2016) and is use-

ful for evaluating the sanitary conditions of a

hatchery as a means to prevent the spread of

harmful bacteria and fungi (Samberg and

Meroz, 1995; Chen et al., 2002; Gehan, 2009;

Warren et al., 2016). Although the results

reveal the magnitude of the mold and yeast con-

tamination in the environment, they do not indi-

cate how the mold and yeast reach the hatching

cabinet or where they multiply. This informa-

tion can only be determined by periodically sur-

veying the microbial populations on the

surfaces that can harbor microorganisms in a

hatchery (Gehan, 2009). Our future studies will

evaluate the antimicrobial activity of hatch bas-

kets composed only of copper and the ability of

nanoparticles to remove the biofilms formed by

bacteria isolated from the poultry environment.
CONCLUSIONS AND

APPLICATIONS

1. The copper did not decrease microbial con-

tamination under the conditions evaluated,

emphasizing that the metal should only be

used as a complement to standard hygiene

and not as a substitute for the common disin-

fectants used during standard surface clean-

ing and disinfection in hatcheries.

2. Regardless of the amount of copper surface

contact area available, an accumulation of

organic matter impairs the antimicrobial

action of the copper.
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2003. Instruç~ao Normativa n8 62, de 26 de agosto de 2003:
Oficializa os M�etodos Anal�ıticos Oficiais para An�alises
Microbiol�ogicas para Controle de Produtos de Origem
Animal e �Agua. Di�ario Oficial da Uni~ao Bras�ılia, DF, Bra-
zil, section 1, p. 14.

Chen, S. J., E. M. Wang, T. J. Cho, and
C. H. Wang. 2002. Monitoring the hygiene of chicken
hatcheries in Taiwan during 1999−2001. J. Microbiol.
Immunol. Infect. 35:236–242.

Depner, R. F. R., R. A. Depner, V. Lucca, and
M Lovato. 2015. O cobre como superf�ıcie de contato anti-
microbiana e sua potencial aplicaç~ao na Medicina Veterin�a-
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