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Abstract
The welfare of farm animals is a hotly debated issue today. There are few technical materials available focused on 

hatcheries that address and incorporate practices adopting the welfare level required by civil society. However, about 
33% of the production period of a broiler chicken occurs on the hatchery. Recent studies have shown that day-old chick 
production has points that need to be improved. Technical standards indicate that the process of welfare should begin 
during egg storage such that the best conditions are provided for embryos prior to incubation. Storage until 28 days 
at temperatures above 12ºC can kill embryos, while exposure of eggs to 30 ºC until 14 days causes a negative impact 
under the hatchability. The available results regarding in ovo nutrition show that it should be considered for benefit 
neonate quality since inoculation of substances such vitamin E (60.4 IU) promote better incubation results. Feeding 
immediately after hatching is a management for welfare because animals feed-fed soon after hatch perform better 
up to 35 d. The most criticized point in hatcheries is the slaughter of neonates, for which some strategies are being 
investigated, including the use of dual-purpose aptitude strains, in ovo sexing by different methodologies, sex inversion 
and hormonal-based sexing. It is noted that procedures involving bird incubation require greater attention to welfare. 
Therefore, it is necessary to align theoretical knowledge with practical applications so that the demands of society, as 
well as those of industry, are met.
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Introduction

High demand for animal foods has led consumers to 
increasingly discuss whether the practices adopted during 
production are compatible with animal welfare. In the 
poultry chain, welfare discussions center around questions 
about the husbandry system, where management practices, 
such as beak-trimming and forced molting, and the 
transportation and slaughter of birds, are being questioned. 
Discussions that were initially restricted to animal rights 
groups have now reached consumers. Requirements 
stemming from these discussions include not only 
nutritional and health quality, but also the opportunity to 

choose animal products obtained, raised and slaughtered 
within the criteria of animal welfare.

As a result of consumer pressure, the conventional 
cage-laying system has been banned in the European Un-
ion since 2012 by Directive 1999/74/EC (EC, 1999) to im-
prove the welfare of layers, although several countries still 
employ the practice (Jansson, 2018). 

For some time, issues regarding the welfare of com-
mercial birds have turned to environment, management, 
and rearing systems. Nonetheless, the production of laying 
chicks is one of the questioning points regarding animal 
welfare in the poultry chain, mainly due to the disposal of 
unwanted chicks in the egg chain (Gremmen et al., 2018). 
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As a result, and due to the organization of the most demand-
ing consumers, further developed countries have started 
to establish new production practices for hens, layers, and 
broiler breeders, including hatchery procedures. 

Thus, the objective here is to review technical informa-
tion, exemplified in two relevant manuals, and to present 
research involving bird embryos and exploring the man-
agement practices and techniques used in hatcheries that 
impact the welfare of commercial neonate birds. First, we 
present some key concepts used to determine hatching en-
vironment welfare.

Concepts of animal welfare applied to 
incubation of hatching eggs

As already mentioned, the issue of welfare in livestock 
production is becoming more significant every day. To prop-
erly debate and analyze this subject, it is necessary to estab-
lish a well-defined concept of welfare and methods of eval-
uation of welfare that apply to the routine production chain. 

In 1965, a technical inquiry committee into animal wel-
fare called the Brambell Report recommended that animals 
be free to stand up, lie down, turn around, groom, and stretch 
their limbs. Based on this report, the Farm Animal Welfare 
Council (FAWC) developed the so-called Five Freedoms 
(Webster, 2001; Underwood et al., 2021). This framework 
defines key aspects of animal welfare and is the basis of 
many of currently existing animal welfare assessment meth-
odologies. They are: freedom from hunger and thirst; free-
dom from discomfort; freedom from pain, injury or disease; 
freedom to express normal behavior; and freedom from fear 
and distress (Webster, 2001). 

Years later, Broom (1986) presented a broader concept of 
animal welfare, considering that it would be the state of an 
individual in relation to attempts to adapt to the environment 
in which it finds itself. Thus, an individual can adapt to an 
environment without much effort and, therefore, without ex-
cessive resource expenditure, as well as there may be major 
effort to adapt that requires high resource expenditure and/or 
even a lack of adaptability, resulting in poor welfare.

Concepts of welfare have changed over the years. Thus, 
Mellor & Reid (1994), considering that “welfare is the be-
havioral manifestation of an animal when its nutritional, en-
vironmental, health, behavioral and mental needs are met”, 
presented the “Five Domains” model of animal welfare. This 
framework was based on the five freedoms and aimed to be 
a systematic method for assessing animal welfare, with the 
tool itself not being considered a definition of welfare. Un-
like the model proposed by FAWC (2019), the five domains 
that were considered with potential for welfare compromise 
are thirst/hunger and malnutrition; environmental challenge; 
disease/injury/functional impairment; behavioral/interactive 
restriction; and anxiety/fear/pain/distress. 

Two manuals were identified, at least, for the poultry 
chain that meet the principles of five freedoms welfare. 
There are other manuals in the literature on welfare in the 

artificial incubation process; however, the two documents 
presented in our review present practical actions that can 
be implemented in the hatchery routine. In Canada, the 
code of practice for the care and management of hatching 
eggs, chickens, and turkeys was launched in 2016 by the 
National Farm Animal Care Council (NFACC, 2016). In 
the same vein, the Society for the Prevention of Cruelty 
to Animals (RSPCA) of the United Kingdom released a 
document setting standards for practices performed during 
routines of hatcheries (RSPCA, 2017). These documents 
set standards for ambiance (equipment, lighting, aeration, 
density, nutrition, and food), animal category (laying, 
breeding, broiler, etc.), and zootechnical and physiological 
responses of animals following the principles of the five 
freedoms to reach animal’s welfare.

The hatchery guidelines published by RSPCA (2017) 
consider seven items that should be audited in hatcheries, 
thus establishing standard procedures to be followed in the 
following areas: contingencies and maintenance; building 
design as well as its facilities and equipment; competence 
and training for chick handling; egg management; hatch-
ling chick management (vaccinations, sexing and selec-
tion); the humanitarian slaughter of live hatchery discards; 
and transport of chicks to the farm.

The other documents cited (Webster, 2001; Underwood 
et al., 2021) emphasize the need to control the manipula-
tion of hatchling chicks (vaccination, sexing and transport) 
and euthanasia of live embryos, and refuse chicks, without 
other main highlights. However, what can be seen in all the 
technical documents is greater control of the so-called in-
puts and very little about the outcomes, with the exception 
of that published by the RSCPA (2017). RSCPA (2017) 
mentions behavior, neonatal chick injuries and mortality 
rates for chicks housed for up to seven days as factors that 
should be taken into account when assessing hatchery wel-
fare. Thus, not all items cited by the RSCPA (2017) are 
strictly followed by hatcheries. It can also be concluded, 
from objects of concern with currently adopted welfare 
methods, that norms related to hatcheries are much less 
impeding than those of other poultry production sectors. 

In general, the hatchery segment is very well structured 
to meet the requirements of chick welfare, with the main 
objective being the highest possible productivity without 
causing unnecessary suffering to produced chicks (Araújo 
et al., 2016; Mesquita et al., 2021; Underwood et al., 2021). 
Thus, if attending to the welfare of an animal can increase 
productivity, there is no reason to not employ methods that 
make it possible to meet the demands of embryo welfare. 
Next some potential areas for improvement are presented.

Egg storage before incubation
The length of the storage period can vary from one day 

to more than one week and depends on the distance between 
the farm and the hatchery, the incubation capacity, and the 
market conditions. Therefore, logistics for storage and dis-
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patch can negatively alter incubation viability and chick 
quality because changes in embryo and egg components 
may occur during this period (Meijerhof, 1992). It is note-
worthy that the strategy of egg storage before incubation is 
essential for breeders and hatchers as it directly reflects the 
logistics required within the supply chain as there may be 
variation in egg supply by brooders and the need for day-old 
chicks by farms (Fasenko et al., 2001). 

In assessing the impact of storage time and temperature 
on fertility and hatchability of slow-growing lineage eggs, 
Addo et al. (2018) observed that the blastoderm and embryo 
were larger in eggs stored at 30ºC, with a storage period be-
tween 10 and 14 days than those stored at 18ºC for the same 
period. Fertile eggs and hatchability were lower in eggs 
stored at room temperature when compared to cooled eggs. 

From this perspective, Pokhrel et al. (2018) assessed the 
effects of egg storage at 18ºC and 12ºC for 7 to 28 days on 
hatchability, chick quality and cell morphology, and found 
hatchability to remain higher for eggs stored for more than 
seven days at 12ºC compared to storage at 18ºC, demon-
strating an effect mainly in the first three days of storage. In 
other words, eggs stored at the highest temperature had ma-
jor morphological changes and death cells, since embryos 
stored at 18ºC continued to develop gradually until the end 
of the blastulation stage while those stored at 12ºC stopped 
the development at seven days. 

These results certify that, when not properly used, both 
storage period and storage temperature can affect hatchery 
production indices and should therefore be evaluated to-
gether so that longer storage periods are achieved with low-
er storage temperatures. However, prolonging the storage 
period too much, even at temperatures below physiologi-
cal zero (according to Costa et al. (2022) 18-21oC – when 
the embryo’s development is paralyzed), can cause cellular 
changes leading to delayed or decreased resumption of de-
velopment (Araújo et al., 2017). Still, it is important for in-
dustry to prioritize the implementation of standard transport 
and storage procedures that value the incubation of eggs 
below physiological cooling in order to keep incubation 
rates within desirable values for longer periods of time (Van 
Roovert-Reijrink et al., 2018). Thus, considering the welfare 
of the embryo at the beginning of the incubation process, 
specific measures related to the storage period and temper-
ature aiming at improving embryo survival, and potentially 
improving embryo welfare, are necessary.

Physical conditions offered by the setter

For proper development of the embryo, the incubation 
environment must provide a favorable microclimate with 
temperature, humidity and ventilation being determining 
factors for maintaining embryonic metabolism, since they 
directly influence oxygen exchange (Macari et al., 2013). 
Recent studies have shown that changes in these factors 
can impact animal metabolism and behavior during and 
after hatching.

In this sense, Bertin et al. (2018) assessed the influence of 
repeated exposure to substandard incubation temperatures 
on metabolism and fear behavior and found no differences 
in hatchability between the control group and the treatment 
exposed to 27ºC/1h/day. The study, however, did find a de-
lay in hatching, decreased growth rate, increased expression 
of corticotropin-releasing factor in the central nervous sys-
tem and greater fear reaction immediately after hatching in 
the treatment group compared to the control group. 

In a subsequent study, to understand the influence of 
incubation temperature on bone mineralization of neonate 
broilers, Muir & Groves (2019) tested slow incubation 
at 37.2ºC to 37.8ºC versus the control treatment at 37.8º 
to 38.2ºC. The slow treatment showed better results for 
hatchability since more chicks were born near the end of 
the birth window. The percentage of bone mineralization 
was measured shortly after birth and the highest percent-
age of bone mineralization was seen both in the late birth 
group and in the group that hatched near the beginning of 
the birth window and had access to feed in less than 24 h. 

The differing incubation results presented are probably 
due to the different methodologies applied in each study to 
achieve their inherent objectives. Regardless of this, they 
demonstrate that the impact of temperature on embryonic 
development can vary in its effect according to different 
situations, such as embryonic phase, total stress period and 
intensity. 

Given this, it is important to develop more studies to 
clarify the means by which temperature acts on these re-
sponses so that incubation can be modulated in the field to 
improve chick quality, and potentially welfare reflected by 
hormone profiles and improved health, in the later stages 
of raising.

Gases exchange during incubation

Eggs are a system that supports embryo development. 
The embryo development rate is directly dependent on the 
oxygen supply that is diffused through the pores of the 
shell (Araújo et al., 2017). According to Ar et al. (1974), 
conductance is the capacity to achieve gas exchanges (ox-
ygen, CO2, and metabolic water), which take place in eggs 
through the pores in their shells. 

Due to the porous character of the eggshell, the gas com-
position in the incubation environment is important for the 
production of day-old chicks (Peebles & Brake, 1985). Thus, 
eggshell conductance is based on the fact that the quantity 
of energy available for embryo development depends on 
the quantity of oxygen that enters the egg through its shell, 
given that embryo metabolism is primarily aerobic (Araújo 
et al., 2017). Also, Taylor et al. (1956) suggested that CO2 
levels greater than 1.0% stimulate embryonic development 
in the first 48 h of incubation, and that embryos are resistant 
to higher CO2 levels in the first week of incubation.

More recent studies indicate that hypoxia can advance 
the hatch peak by 10 to 15 h by an increase in CO2 pressure 
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followed by elevation in corticosterone levels, which to-
gether initiate the hatching process (De Smit et al., 2006). 
Bruggeman et al. (2007) suggest that in the first stage of 
embryonic development the initial defense barrier is the al-
bumen, which enables the reaction between CO2 and H2O 
for the formation of protons and bicarbonate ions. These 
authors also suggest that this mechanism occurs at least 
until 96 h of incubation when the chorioallantoic complex 
is not yet fully formed.

After the formation of the chorioallantoic complex, em-
bryos can increase the expression and activity of carbonic 
anhydrase in blood cells, transforming CO2 in bicarbonate 
and subsequently reabsorbing these molecules through the 
chorioallantoic membrane, which is released along with 
calcium ions through the shell pores (Everaert et al., 2010). 
A study produced by Zhang & Burggren (2012) indicates 
that despite different adaptive strategies to the hypoxic en-
vironment when incubated with 15% of O2 or lower levels, 
whether in the early stage or over long periods, embryon-
ic development occurs more slowly, negatively impacting 
birth weight and mortality in the late phase.

The two hypoxia response mechanisms presented here 
are used by broiler and layer embryos (Everaert et al., 
2011). Both strains adapt to respiratory stress by increas-
ing oxygenation capacity, which can be visualized by an 
increase in the percentage of circulating hematocrit and 
hemoglobin (Burggren et al., 2015; Ben-Gigi et al., 2021). 
However, in the study conducted by Ben-Gigi et al. (2021), 
layer embryos showed elevated hematocrit levels only for 
24 h after respiratory inducted stress, while broiler embry-
os maintained them for 72 h, indicating more difficulty to 
resume oxygenation demand, visualized by lower weight 
gain. The authors suggested that genetic selection for rapid 
growth elevated the metabolism demand of broiler embry-
os without balancing the cardio-vascular system, limiting 
their ability to respond to hypoxia.

Incubation environments with at least 15% O2 (Zhang 
& Burggren, 2012) and at most 10% CO2 (De Smit et al., 
2006; Burggren et al., 2015) are those recommended to 
ensure acid-base control, organ development, and hatcha-
bility. Therefore, quite possibly there is greater embryonic 
welfare in environments with a similar gas profile.

Lighting during incubation

The influence of light on the incubation process has 
been studied since the mid-20th century, with current stud-
ies seeking to elucidate the effects of the light stimulus pe-
riod, light spectrum, and light intensity during and after 
incubation (Cooper, 1972). Among the extrinsic factors 
necessary for embryonic development, light has a positive 
effect on embryo growth, and the results achieved with its 
use are important for industry (Shafey, 2004).

Comparing the effect of LED light on the hatching per-
formance of eggs from white egg layers and heavy brown 
egg breeders, Huth & Archer (2015) found that the group 

of brown eggs incubated with 12:12 hours of light:dark 
had fewer defective chicks, higher hatchability and lower 
heterophil/lymphocyte rates when compared to the group 
incubated in the dark. These authors pointed out that dif-
ferences in performance may have been due to the different 
eggshell colors exerting changes in the light spectrum dur-
ing its passage through the eggshell. However, the results 
may have also occurred due to differences between the em-
bryos of the different strains. 

In a later study, Archer (2017) evaluated the use of 
white and red light in the first eighteen days of incubation 
and found better results for hatchability of fertile eggs and 
fear response behavior of neonate chicks in these groups 
compared to animals treated with blue, green and no light. 
Subsequently, Archer (2018) compared incubation without 
light to incubation with red and blue light and found no 
difference in early-stage mortality, which was higher in the 
no-light treatment and also affected hatchability and per-
centage of open-naval chicks, which were best in the light 
treatments regardless of color. 

On the other hand, Tong et al. (2018) compared incu-
bation with green light and no light, and found significant 
effects for embryonic growth and acceleration of birth, 
but no differences in weight and quality, while hatcha-
bility decreased in the green light treatment. In contrast, 
Yu et al. (2018) contrasted the effects of incubation with 
green light and no light on embryonic growth, incubation 
yield and hormone levels and found positive results for 
low intensity green light (50 lux). This group obtained 
greater hatchability, size, and weight at birth, as well as 
production. 

Even contrasting results make clear the influence of lu-
minosity on embryogenesis. However, the effects of light 
spectrum intensity, light period and the influence of the 
shell as a filter need to be evaluated together for a better 
understanding of the mechanisms of light and their interac-
tion with the egg. Elucidation of these mechanisms is par-
amount since the light factor affects not only chick quality 
but other aspects such as cell differentiation and hormone 
production, as well as acting on chick behavior and quality 
parameters in the post-hatching period.

In ovo feeding

The need to induce the immune system activation as 
early as possible to facilitate sanitary management spurred 
the development of in ovo injections in broiler hatcheries 
approximately 30 years ago (Sharma & Burmester, 1982). 
This practice initially occurred manually, but automated 
technologies that can vaccinate a large volume of eggs per 
hour with less labor and a lower error rate are now avail-
able (Uni & Ferket, 2003). In ovo management, whether 
for the application of vaccines, stimulants, or nutrients, oc-
curs during the transfer of eggs from setters to hatcheries 
around the eighth day of incubation. 
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According to Cardeal et al. (2015) and Givisiez et al. 
(2020), in ovo nutrition is a strategy that aims at supple-
menting nutrient deficiency during hatching. It can also 
stimulate epithelial and enzymatic development of the di-
gestive tract, mainly for carbohydrates, which are highly 
required at birth. It can also provide amino acids, vitamins, 
minerals, and probiotics. 

As specified by Tona et al. (2003) some performance 
parameters, such as weight at seven days, may be affected 
by incubation factors, which indicates that early-stage per-
formance may be proposed as a welfare indicator in hatch-
eries. In this sense, the in ovo strategy may be of interest 
since it has a direct action on weight gain. This zootechni-
cal index can be considered an indicator of animal health, 
and besides that, it can be easily controlled in hatcheries. 
The substances administration occurs in the region of the 
amnion, commonly during the final period of embryonic 
development (Uni & Ferket, 2003) when amniotic fluid 
is ingested by the embryo and absorbed by enteric cells 
(Araújo et al., 2018).

In researching the in ovo supply of perinatal dex-
trin-iodinated casein (IC) on birth weight, Abousaad et 
al. (2017) found that the use of 240 and 720 μg IC/mL 
of casein favored the birth of heavier chicks compared 
to the other treatment groups (saline solution and 80 and 
2,160 μg IC/mL). Groff-Urayama et al. (2019) also evalu-
ated incubation parameters of chicken embryos, although 
subjected to amino acid inoculation by two different tech-
niques (needle angle of 45° or 90° relative to the air tube, 
without exceeding it) during the final incubation phase. 
These authors obtained a different result than did Uni & 
Ferket (2003) since the embryonic mortality percentage 
was higher in the group with inoculation surpassing the 
air tube. 

To determine the effect of in ovo inoculation of vitamin 
E (0.0, 27.5, 38.5, 49.5, and 60.4 IU) on incubation results 
and quality of newly-hatched chicks, Araújo et al. (2018) 
provided different levels of vitamin E supplementation on 
day 17.5 of incubation using a manual needle. The 60.4 IU 
level produced the highest hatching rate, and all supple-
mented groups showed better physical quality compared 
to the control group. 

The research presented in this review has shown that 
there may be more than one technical standard technique 
for in ovo inoculation that is safe, and that nutrient sup-
ply can positively affect incubation performance as well as 
the health of neonates, likely improving chick welfare at 
hatch. Therefore, the development of research in the area 
of in ovo nutrition is important for determining technical 
guidelines aimed at improved welfare in hatcheries, that 
are adapted to hatchery production processes.

Handling of chicks

One-day chick quality is paramount to the profitabili-
ty of the poultry chain (Araújo et al., 2018). On the other 

hand, management of neonates has gaps in its stages that 
can provide important parameters for welfare in hatcheries 
that are not detailed in existing welfare manuals. There-
fore, it is essential to develop research around chick han-
dling to provide operational protocols consistent with pro-
ductivity and animal welfare. 

When assessing the effects of early feeding on broil-
er performance, Abousekken et al. (2017) concluded that 
animals fed shortly after hatch experience greater weight 
gain, body weight, and better feed conversion at 35 days 
of life than animals receiving alternative and control feed 
without early feeding. Similarly, Hollemans et al. (2018) 
analyzed the effects of feed supply shortly after or 54 h af-
ter hatch, management, and transport on performance and 
behavior under stress up to 35 days. They observed that 
the effect of post-hatching nutrition was evident only in 
the first phase of rearing (21 days) while the fear response, 
simulated by transportation, extended to the final phase of 
rearing (35 days) when it was higher in late-fed chicks. 

Soon after the pulling, the chicks go through steps 
that require intense manipulation. Given this, Hamissou 
Maman et al. (2018) evaluated the effect of chick body 
temperature at these stages on residual weight of yolk and 
weight of body and organs (heart, gizzard, bursa of Fabri-
cius) as well as on incubation yield. Yolk residual weight 
was not affected by handling temperature, but organ weight 
and body weight at housing were lower in chicks that had 
higher body temperature during handling. The body weight 
showed influence over long periods, since the group with 
the lowest weight at housing also had the lowest weight 
at 35 days. It was already shown that the chick handling 
may affect the corticosterone levels since chicks that pass 
through intense handling experience significant increase in 
corticosterone levels that can extend until the end of the 
first week after hatching (Hedlund et al., 2019).

The results of this research show that newly hatched 
chickens are sensitive to access to water, food, variation 
in temperature and handling during hatchery management. 
Therefore, these aspects must be considered during the de-
velopment of standard procedures for hatcheries aiming 
at improving welfare, in addition to those already estab-
lished, such as density and maximum transport distance. 

The most criticized point about practices that occur in 
hatcheries is the newly hatched chicken euthanasia. Al-
though the regulation recommends euthanasia of animals 
using methods that result in the rapid loss of sensitivity and 
death, this management raises questions for animal welfare 
groups, especially regarding the disposal of males of laying 
lines. Thus, the industry has been working to meet this de-
mand by seeking improvement through scientific research. 

One alternative is the use of double purpose strains. For 
this purpose, Mueller et al. (2018) compared performance, 
carcass conformation, and meat quality between double 
suitability and commercial chicken strains. The study re-
vealed that the performance and carcass conformation of 
double suitability lines are limited compared to fast-grow-
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ing lines, and thus represent an unviable alternative to the 
conventional chicken meat production system from an 
economic perspective.  

Another plausible strategy is to use noninvasive methods 
such as in ovo sexing. Galli et al. (2016) proposed a fluo-
rescent spectroscopy technique using embryos on the third 
and fourth day of incubation. In this method, a 15-mm-long 
opening was made in the shell, keeping the shell membrane 
intact, and vessels bigger than 100 µm were measured using 
a Raman spectrometer. Immediately after the measurement, 
the shell was re-attached to the original area using a bio-
logically compatible adhesive tape. The sex of the embryo 
was determined by the blood fluorescence intensity, which 
in this stage was higher in male than female embryos. 

Using molecular methods, He et al. (2019) developed 
two procedures for sexing embryos based on the tech-
niques of PCR and qPCR. About 10–20 mg of embryonic 
tissue from the chorion, allantois, amnion, or brain were 
collected on the ninth day of incubation to identify genetic 
differences between the sex chromosomes of males (ZZ) 
and females (ZW) chickens by molecular markers. There 
remain other techniques for sexing in ovo, such as odor de-
tection as suggested by Webster et al. (2015), sex inversion 
as proposed by Trukhina et al. (2016), and hormone dosage 
as studied by Wang et al. (2019).

It seems necessary to overcome some additional ob-
stacles, such as sexing in the earliest incubation stage or 
sex induction to increase the birth number of females. The 
sexing techniques developed so far also need to eliminate 
the need for tissue removal or egg-opening to perform sex-
ing, minimize impacts on incubation yield, and especially, 
adapt techniques for large-scale application.

Sanitization of setters

The use of industrial incubators has enabled the ex-
pansion of day-old chick production, and since then, the 
accumulation of dust and fluff due to a large number of 
eggs and birds housed in a small space has been reported 
as one of the main factors that lead to the introduction and 
dissemination of microorganisms such as Salmonella spp. 
(Bains & Mackenzie, 1974; Cox et al., 1990), Escherichia 
coli, Pseudomonas sp., Staphylococcus spp. (Soucy et al., 
1983), Clostridium sp. (Craven et al., 2001), and Asper-
gillus spp. (Wright et al., 1960) in hatcheries. The conse-
quences can be an increase in mortality rate (Rezaee et al., 
2020), increased number of sick day-old chicks (Muham-
mad et al., 2010), mortality in the first week, and contam-
inated carcasses at slaughter (Bhatia & McNabb, 1980; 
Christensen et al., 2021).

Disinfection of equipment and facilities with com-
pounds such as formaldehyde, during transfer and or af-
ter chicks removal, is one of the methods often applied in 
hatcheries to avoid contamination (Graham et al., 2021). 
Despite its effective action when in organic matter, it has 
been reported that on contact with tracheal mucosa, for-

maldehyde can cause a shortening and loss of cilia, besides 
ciliostasis in 18-days embryos and day-old chicks (Hay-
retdağ & Kolankaya, 2008; Graham et al., 2018); in other 
words, it may increase the predisposition of embryos and 
neonates to respiratory injury. Therefore, other disinfect-
ants such as polyhexamethylenebiguanide hydrochloride, 
hydrogen peroxide (Cox et al., 1999), and electrowettered 
water (Fasenko et al., 2009) have been tested as an alterna-
tive to formaldehyde. 

Recently, Melo et al. (2019) evaluated ozone (5-15 
ppm), hydrogen peroxide (3%), peracetic acid (0.3%), and 
ultraviolet radiation (8.09 mW/cm²) as alternative disin-
fectants to paraformaldehyde (5.03 g/m³) and noted that 
peracetic acid and ultraviolet radiation are as efficient as 
formaldehyde to reduce aerobic microorganisms and en-
terobacteria, without causing changes in hatchability and 
day-old chick quality. According to Zeweil et al. (2015) 
and Oliveira et al. (2020) paraformaldehyde affects the 
embryos development and is harmful to the health of the 
farm and hatchery professionals. In another study, Melo et 
al. (2020) evaluated the application of gaseous (0.9%) per-
acetic acid on microbial load, hatchability of fertile eggs, 
and day-old chick quality and found that the use of gaseous 
peracetic acid in environment disinfection systems, being 
their use therefore feasible in hatcheries to reduce microbi-
al load and ensure hatchability and day-old chick quality.

The works presented here show that the presence of po-
tentially pathogenic microorganisms in hatcheries is still 
a concern to poultry health, as is the use of disinfection 
methods that are potentially detrimental to the health and 
welfare of the embryo and day-old chicks. The peracetic 
acid and ultraviolet radiation have shown to be as secure 
alternatives to paraformaldehyde, being efficient from both 
production, health, and animal welfare perspectives, but 
still, need to be widely implemented.

Conclusions
In countries where consumer pressure on poultry pro-

duction practices is high, governmental, and non-gov-
ernmental organizations have established animal welfare 
practices that should be followed in all stages of poultry 
production. Procedures posing more problems from an an-
imal welfare perspective in hatcheries are the manipula-
tion and euthanasia of embryos and live chicks. However, 
other incubation-related aspects such as animal handling, 
and care, equipment and techniques also require attention 
to achieve maximum hatchability and better health condi-
tions for newly-hatched chickens.

A gradual evolution in the animal welfare definition as 
well as in the indicators used to measure it have histori-
cally occurred. Current assessment tools have paid little 
attention to the egg incubation process and are outdated 
when compared to the theoretical changes in animal wel-
fare. That is why it is necessary to have specific assessment 
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procedures for the day-old chick production process. The-
ory and practice should be aligned, so that the scientific 
and practical tools adopted in hatcheries could be comple-
mentary and work together to improve processes during 
incubation stages, ensuring that society’s demands are met, 
as well as the success of the poultry chain.
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