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ABSTRACT

Background: The dissemination of pathogenic microorganisms in hatcheries leads to a higher number of contaminated 
eggs, causing reduction in hatchability and increase of discarded chicks. Sanitation programs are crucial for maximum 
hatchability and chick quality. Efforts have been made to find alternative approaches to the conventional disinfectants, and 
surfaces with copper, which have antimicrobial properties, could assist in this process. However, the possible adverse ef-
fects of copper surfaces on chicks in hatcheries have not yet been evaluated. The present study aimed at developing hatch 
baskets composed of copper and evaluating the effect of these baskets on the productive indexes of a hatchery. 
Materials, Methods & Results: For this experiment, 3.15 kg hatch tray prototypes with 99.9% Cu (Cu11000) were de-
veloped to fit inside conventional polypropylene hatch baskets (580 × 755 × 83 mm). Six polypropylene hatch baskets 
(control group) and six polypropylene hatch baskets covered by 99.9% copper (Cu11000) hatch trays (test group) were 
evaluated during 5 hatchings. Hatched eggs and chicks remained in contact with the hatch basket surfaces for at least 72 
h, corresponding to the entire period in which they were located in the hatcher. Cleaning and disinfection programs of 
the hatchery were not modified. The level of microbial contamination on the hatch baskets was evaluated at 6 different 
periods: 0 h (initial contamination after disinfection and egg transfer to the trays); 24 h, 30 h, 45 h and 60 h after the first 
sampling; and at the moment when chicks were removed from the hatching cabinet and transferred to the chick-holding 
room (> 60 h). Counting of total moulds and yeasts, mesophilic microorganisms, Enterobacteria and Escherichia coli 
colonies was performed. The number of hatched chicks, non-hatched eggs, and chicks discarded were registered for each 
hatching. Microbiologic analyses showed no growth on hatch baskets neither of the test group nor on those of the control 
group, regardless of the period evaluated. No significant difference was found between the two groups in the counts of 
hatched chicks, non-hatched eggs, and chicks discarded. 
Discussion: The antimicrobial efficacy of copper surfaces has been established for a variety of bacteria and fungi, includ-
ing in the healthcare environment. In addition, antimicrobial resistance to copper is extremely rare because of copper’s 
multisite kill mechanism and other mostly nonspecific damage mechanisms. Several copper applications have been estab-
lished; however, the potential adverse effects of using copper surfaces in hatcheries on chicks or on hatchery productive 
indexes had not yet been evaluated. The analyses performed in this study did not show microbiological growth. The results 
showed that the copper surface did not cause any significant adverse effects on chicks. The hatched chicks were visually 
healthy, and no significant difference was found between the numbers of chicks discarded in the control and test groups. 
Since the production parameters were not altered or impaired in the present study, it is possible to conclude that the use of 
copper surfaces in hatcheries can be an effective tool in the microbiological control of these environments. Nevertheless, 
copper alloys lend themselves to the creation of self-sanitizing surfaces that should be used as a complement and not as a 
substitute for standard cleaning and disinfection practices.
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INTRODUCTION

The dissemination of pathogenic microorganisms 
in hatcheries leads to a higher number of contaminated 
eggs, reducing hatchability and increasing the number of 
discarded chicks [8]. Microorganisms found on or in a 
few eggs can be easily disseminated throughout a hatching 
cabinet by air movement during hatching, contaminating 
other chicks in the same environment [23]. Formaldehyde 
has been used as a fumigant or disinfectant in many hatch-
eries for controlling microorganisms. Other moderately 
effective disinfectants such as quaternary ammonium 
compounds, peroxides, glutaraldehyde, phenolics, acetic 
acid, chlorine, and iodine derivatives are also used in the 
poultry industry [8,21]. Washing and sanitizing chicken 
transport cages reduce bacterial contamination on the 
flooring surface, but they do not completely eliminate the 
problem [17]. Moreover, there are many restrictions on 
the use of disinfectants compounds [16,20].

An alternative for the microbiological control of 
the hatchery environment is using copper surfaces. The 
U.S. Environmental Protection Agency approved the 
registration of copper alloys as materials with antimicro-
bial properties [7]. The antimicrobial activity of copper 
surfaces against several pathogens has already been 
demonstrated [2,4,6,19]. Therefore, different areas of 
the poultry production chain, including hatcheries, could 
benefit from the application of copper on surfaces. How-
ever, the relationship of copper contact surfaces with 
the production indexes of hatcheries remains unknown. 

In this context, the present study aimed at 
developing hatch baskets composed of copper and 
evaluating the effect of these baskets on the productive 
indexes of a hatchery.

MATERIALS AND METHODS

Local description

The experiment was conducted in a commer-
cial poultry hatchery located in the Santa Catarina state, 
Southern Brazil. This hatchery produces an average of 
1,000,000 1-day-old chicks per month, using 9 con-
ventional incubators with multi-stage operation and 
nine hatching cabinets. The machines1 operate with 
incubator trays with capacity for 150 eggs. Eggs were 
transferred from the setter to the hatcher always on 
the 18th day of incubation. The standard temperature 
of incubators was 37.3-37.5°C, and the humidity was 
maintained at 84%.

Copper hatch baskets

For this experiment, 3.15 kg hatch tray proto-
types with 99.9% Cu (Cu11000) were developed to fit 
inside conventional polypropylene hatch baskets (580 
× 755 × 83 mm) [Figure 1A & 1B].

Experimental design

A total of 5 hatchings were evaluated in this 
experiment. In each hatching, 6 polypropylene hatch 
baskets (control group) and 6 polypropylene hatch bas-
kets covered with the copper prototype (test group) were 
distributed in a paired way in 3 different positions (upper, 
intermediate, and lower level) of the same column of a 
trolley. Hatched eggs and chicks remained in contact with 
the hatch basket surfaces for at least 72 h, corresponding to 
the entire period in which they were located in the hatcher. 
The cleaning and disinfection programs of the hatchery 
were not modified, including the standard hygiene proto-
cols of the hatch baskets used in this experiment.

Microbial analysis and productive parameters selected

The level of microbial contamination on the hatch 
baskets was evaluated at 6 different periods: 0 h (initial 
contamination after disinfection and egg transfer to the 
trays); 24 h, 30 h, 45 h and 60 h after the first sampling; 
and at the moment when chicks were removed from the 
hatching cabinet and transferred to the chick-holding 
room (> 60 h). For the microbial analysis, the bottom of 
each hatch basket was sampled with a swab soaked in 
0.9% sterile saline solution in a 25 cm² area delimited 
by a sterile metal model. The samples were stored in 
sterile bags and refrigerated for laboratory analysis. The 
enumeration of total moulds and yeasts, mesophilic mi-
croorganisms, and Enterobacteria and Escherichia coli 
colonies was performed according to the guidelines of 
the Normative Instruction 62 of the Brazilian Ministry 
of Agriculture, Livestock and Supply (MAPA) [3], and 
the results were expressed as Colony Forming Units per 
Square Centimetre (CFU/cm2). The following productiv-
ity indices for each hatch basket in the control and test 
groups were registered: hatched chicks, non-hatched eggs, 
and discarded chicks (dead or eliminated).

Statistical analysis

All procedures were performed with 30 repeti-
tions (trays) for each treatment in the 5 hatchings. The 
Student-Newman-Keuls test was performed to examine 
the statistical significance of the results. The Statisti-
cal Analysis Software2 was used for the analyses, at a 
significance level of 5%.
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RESULTS

The microbiologic analysis for total moulds 
and yeasts, mesophilic microorganisms, and Entero-
bacteria and Escherichia coli colonies showed no 
colony growth on hatch baskets of the test group (n 
= 30) nor on those of the control group (n = 30), re-
gardless of the period evaluated. Hatchery productive 
indexes for the 2 groups are described in Table 1. No 
significant difference (P > 0.05) was found between the 
2 groups in the counts of hatched chicks, non-hatched 
eggs, and chicks discarded. 

DISCUSSION

Hygiene is an important aspect of hatchery design 
and management. A good sanitation program is crucial 
for maximum hatchability and chick quality [8,21]. 
Moreover, the incidence of certain diseases in poultry 

Figure 1. A- Copper hatch basket prototype developed for the experiment: fitted apart. B- Prototype attached to the 
conventional polypropylene hatch basket.

Table 1. Hatchery productive indexes (hatched chicks, non-hatched eggs and chicks discarded), according to the treatment in the hatchery.

Treatment Average hatched chicks
Average non-hatched 

eggs (mean)
Chicks discarded (dead or 

eliminated)

polypropylene hatch basket  
(control group)

126.97 1.20 21.50

hatch baskets composed of copper  
(test group)

127.20 1.27 21.53

P-valuea 0.9587 0.9261 0.8646
aStudent-Newman-Keuls test (P > 0.05).

farms is directly related to the hatcheries’ health programs 
[21]. Setter and hatcher rooms are primary sources of 
contamination, and tray washes or outside/waste areas 
have the highest probability of being contaminated [14]. 
For instance, the use of mouldy litter or the introduction 
of 1-day-old birds with fungal propagules in hatchery 
facilities is related with the occurrence of aspergillosis in 
poultry farms [1]. In this context, formaldehyde has been 
one of the most widely used disinfectants in hatcheries, 
especially because of its low cost, high availability, ef-
fectiveness against a large variety of microorganisms, 
and noncorrosive effects [20]. However, European Union 
authorities have recently regulated the use of formalde-
hyde as it has been proven to be carcinogenic [11]. In 
addition, pre-incubation fumigation with formaldehyde 
may affect the tracheal epithelial cells of 18-day-old 
embryos and 1-day-old chicks, causing ciliostasis and 
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abnormal morphology [10,11]. Thus, substantial efforts 
have been made to find alternative approaches for hatch-
ery hygiene, and the use of copper surfaces may assist in 
this process [11,22].

The antimicrobial efficacy of copper surfaces 
has been established for a variety of bacteria and fungi, 
including in the healthcare environment [4,5,6,18,19,22]. 
Antimicrobial resistance to copper is extremely rare 
because of copper’s multisite kill mechanism and 
other mostly nonspecific damage mechanisms [2]. The 
release of copper ions from the metal surface causes 
severe damage to bacterial envelopes, loss of membrane 
potential and cytoplasmic solutes, massive influx of cop-
per ions into the cell interior, oxidative damage to cell 
constituents, and DNA degradation [13]. Copper has 
been recognized as a biocide for centuries [2]. Several 
copper applications have been evaluated, including in 
drinking water distribution systems, agriculture, animal 
farming, and healthcare environments [6,22]. However, 
the potential adverse effects of using copper surfaces in 
hatcheries on chicks or on hatchery productive indexes 
had not yet been evaluated.

In order to evaluate the effect of copper sur-
faces on hatchery productive indexes, we developed a 
hatch basket prototype for this study. As the antimicro-
bial action of copper occurs when it is in contact with 
bacteria, releasing ionic copper [22], the first prototype 
was a 99.9% Cu whole plate placed at the bottom of 
conventional polypropylene hatch baskets. However, 
the absence of orifices probably resulted in a high ac-
cumulation of organic matter (fluff, eggshell, blood, 
and meconium) on the copper surface, which in turn 
led to reduced copper antimicrobial activity (data not 
shown). Protein or carbohydrate compounds probably 
interact and act like copper chelating complexes that 
prevent or delay the activity of copper over cell mem-
branes [19]. Moreover, hatch baskets without orifices 
make it difficult for chicks to have balance on a smooth 
surface, leading to inability to move and standing on 
open legs, which would result in the chicks discard. 
For all these reasons, a new prototype was designed, 
with a surface with orifices suitable for the balance of 
the hatched chicks. The first project foresaw a hatch 
basket composed entirely of copper. However, this 
basket would weigh approximately 11 kg, which is 
extremely heavy when compared to the 3.15 kg of the 
prototype used in study. Routine hatchery management 
and procedures are not compatible with excessively 

heavy tools. The stacking of trays inside the trolleys, 
for instance, would be impossible. 

In the course of hatchings and cleaning proce-
dures in the experiment, the surface of the hatch baskets 
oxidized and tarnished, which was expected. The copper 
tarnish film may more readily release Cu+2 than a bright 
metal surface [15]. However, a thick copper oxide layer 
lowers the antimicrobial effectiveness of copper surfaces 
[6,9]. Despite the tarnishing observed, there was no in-
crease of copper oxide on the hatch baskets in this study.

Until now, there are no studies evaluating the 
effect of chicks contact with copper surfaces in the pro-
ductive indexes of commercial hatcheries. The analyses 
performed in this study did not show microbiological 
growth. This result was not expected because of the high 
amount of contaminants that are present in these environ-
ments [12]. A total of 80 mL of formaldehyde per machine 
is used every 4 h, and this constant decontamination 
process probably eliminated or reduced to uncountable 
levels the contamination present on the surfaces in both 
groups over the incubation time. Nevertheless, a previous 
study demonstrated the in vitro antimicrobial efficacy of 
copper against bacteria and fungi isolated from commer-
cial poultry hatcheries [5]. Moreover, copper and copper 
alloys are self-sanitizing surfaces that should be used as 
a complement to hygiene control, but not as substitute for 
standard cleaning and disinfection of surfaces [7,13,15].

The results showed that the copper surface did 
not cause any significant adverse effects on chicks. The 
hatched chicks were visually healthy, and no significant 
difference (P > 0.05) was found between the numbers 
of chicks discarded in the control and test groups. Like-
wise, copper did not negatively influence the number of 
non-hatched eggs between the groups. These observa-
tions corroborate the measures of the U.S. Environmen-
tal Protection Agency (EPA), which considers copper 
contact surfaces safe and with no risk to public health 
despite their high toxicity to microorganisms through 
different mechanisms [2,7]. Simultaneous multisite 
kill mechanisms of copper may be acting to reduce 
the ability of microorganisms to develop resistance to 
copper [2,15]. Thus, the re-assessment of the benefits 
of antimicrobial copper follows a proliferation of 
multiple antibiotic resistant and disinfectant-resistant 
bacterial strains [6]. The many applications of copper 
in the battle against pathogens may have advantages 
and will probably result in an increased demand for 
copper products.
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The copper hatch basket prototype did not 
interfere in the productive indexes herein evaluated, 
which demonstrates that it may be a safe contact surface. 
Considering copper’s recognized antimicrobial activ-
ity, these hatch baskets can be used to complement the 
hygiene program in this type of poultry environment.

CONCLUSION

The results indicate that the use of copper 
surfaces in hatcheries can be an effective tool in the 
microbiological control of these environments. Never-
theless, copper alloys lend themselves to the creation 
of self-sanitizing surfaces that should be used as a 
complement and not as a substitute for standard clean-
ing and disinfection practices.
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