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1. Introduction  

 

Laying poultry farming is one of Brazilian agriculture's 
most relevant economic activities. The success of poultry 
production depends on reducing climate effects on animals, 
among other factors (nutrition, sanitary management, 
among others) (Coelho 2018; Mascarenhas et al 2018). 

The system for raising laying hens in Brazil is 
predominantly (90%) intensive (Humane Society 
International 2014), with open facilities equipped with a 
battery system in conventional superimposed cages with one 
to eight floors (Coelho 2018). Although the system presents 
a good economic return, its architectural design can lead to 
poultry thermal stress due to temperature variations along 
the installation length and width (Mendes 2015). Therefore, 
the environmental conditions inside the sheds need to be 
controlled according to thermal comfort conditions, adopting 
innovative architectural concepts and managements, and 
allying the thermal conditioning systems to the local weather 
conditions (Hu et al 2017). 

Birds are homeothermic animals and consequently 
susceptible to environmental variations. The comfort zone 
recommended by the literature is divided according to their 
age, ranging from 35 °C (hatching) to approximately 24 °C 
(adults). Therefore, birds require behavioral, physiological, or 

anatomical adjustments to adapt to new environmental 
conditions when exposed to temperatures different from 
their comfort zone (Andrade 2017). 

The main environmental factors that affect bird 
performance are air temperature, humidity, radiation, and 
wind speed (El-Kholy et al 2017). High air temperatures and 
humidity inside the sheds can limit their productive 
performance and welfare, decline their immune system, and 
decrease egg quality (Morais et al 2020; Bilal et al 2021). 

The focus on animal interaction and the environment 
was intensified in the sector to achieve a satisfactory 
production by providing an environment that contributes to 
the expression of its maximum productive potential. 
Therefore, laying aviaries equipped with batteries in cages 
with natural ventilation (positive pressure) started to be 
designed with lateral closures using negative pressure 
ventilation and, in some cases, associated with adiabatic 
cooling. 

However, studies describing the thermal environment 
of laying aviaries in Brazil are still scarce. Therefore, this study 
systematically collected data on the themes' variables 
through a vast bibliographical review. 
 

2. Homeothermy and birds 
 

Abstract This study systematically collected data on variables that influence the thermal environment characteristics in 
poultry houses. Laying poultry farming is a relevant economic activity in Brazilian agriculture and has been expressively 
growing mainly regarding genetics and nutrition. Thermal comfort in poultry houses is needed to achieve poultry's 
maximum productive potential. Therefore, laying aviaries previously naturally ventilated (positive pressure) are starting to 
be equipped with cage batteries and designed with lateral closures, using negative pressure ventilation and in some cases 
associated with adiabatic cooling. However, negative pressure ventilation systems' thermal efficiency in tunnel mode and 
its distribution in different cage levels is still slightly known. Consequently, this system's thermal efficiency needs to be 
investigated to ensure adequate climate indices recommendations and avoid costs and losses due to inadequate handling 
and facilities. 
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The animal welfare concept is characterized as the 
state of complete physical and mental health in harmony 
with the environment in which it inhabits. When birds are 
subjected to thermal stress (cold or heat), they seek to 
maintain their homeostasis (Saeed et al 2019; Mascarenhas 
et al 2018).  

Birds can maintain their body temperature 
throughout the year because they are homeothermic animals 
(Saeed et al 2019). However, thermoregulatory mechanisms 
are only effective in thermoneutral zones (27.5 to 37.7 °C) 
(Scanes 2015). The general characteristics of 
thermoregulation in birds are similar to those in other 
animals. Nevertheless, birds also use plumage, fat isolation, 
and salt glands (Scanes 2015). 

Furthermore, birds can regulate body temperature 
using the heat generated in their bodies, comparable to 
endothermic animals (Melo et al 2016). Variations within and 
beyond this temperature range may be due to certain 
physiological conditions (sex, physiological activity, race, age, 
body weight, molting period, cuttlefish), feeding state (body 
temperature increases during feed digestion), and the 
external environment (Farag and Alagawany 2018). 

Among the environmental factors, thermal factors (air 
temperature, relative humidity, solar radiation, and wind 
speed) are the ones that most affect birds. Thermal factors 
can impair their vital functions (maintaining their 
homeotherm), obtained through sensitive and latent heat 
(Silva et al 2017). Therefore, facilities must provide a 
thermally comfortable environment for birds (Reis and 
Freitas 2020). 

 

3. Thermal and environmental requirements for laying hens 
 

Birds behave like a thermodynamic system, constantly 
exchanging energy with the environment. Therefore, the 
external environment directly influences the internal changes 
in their organisms, leading to physiological adjustments that 
act directly and immediately on their behavioral, productive, 
and reproductive responses (Baêta and Souza, 2010; 
Mendes, 2015). 

Thermoneutrality is achieved under thermal comfort 
conditions, where the energy given off by the animal to 
maintain homeothermy is minimal, and there is no 
interference in production (Andrade 2017; Saeed et al 2019). 
Therefore, recognizing the critical threshold of superior and 
inferior temperatures is crucial because the birds activate 
their thermoregulatory mechanisms in this range. 

In conventional systems (cages), birds can have their 
metabolism modified by several factors, highlighting thermal 
stress situations, more energetic formulation of the feed 
provided, or larger food intake (increasing the production of 
metabolic heat). Together, these factors contribute to an 
imbalance in the thermoregulatory system (Melo et al 2016; 
Tan and Knight 2018). In addition to these factors, the use of 
lamps and motors, birds metabolism, thermal radiation from 
the roof, and use of side curtains are extra sources of heat 
energy inside the poultry houses (Huang 2017), resulting in a 
hostile environment for birds. 

Environments with high relative humidity tend to keep 
excreta moist, providing conditions for pathogenic 
microorganisms proliferation and making waste removal 
difficult in facilities equipped with mats (Chen et al 2015). On 
the other hand, environments with low relative humidity 
(lower than 30%) lead to excessive dust production, resulting 
in many microorganisms suspended in the air and 
considerably increasing the emergence of respiratory 
diseases in birds and workers (Mendes 2015). 

Birds' average body temperature is between 41 and 
42 °C (Nazareno et al 2009). Therefore, their 
thermoregulatory capacity to cold is higher than their 
capacity to react to heat (Farag and Alagawany 2018). The 
lower limit of the comfort zone for adult birds is generally 12 
°C, which is 30 °C below their body temperature. In 
comparison, the upper limit is approximately 47 °C, which is 
only 5 °C above their body temperature. 

The main heat dissipation mechanism in birds is 
respiratory evaporation once they do not have sweat glands. 
In a comfortable environment, breathing eliminates around 
8% of the heat produced, while under environmental 
conditions above the thermal comfort zone (35 °C), breathing 
eliminates 40% (He et al 2019). Excessive use of the 
respiratory mechanism for heat loss can cause serious 
problems. The increase in respiratory rate can generate 
endogenous heat and, instead of dissipating heat, birds 
would be depositing more heat inside their body. 

In addition to raising the caloric increase within birds' 
bodies, another serious consequence of the increase in 
respiratory frequency is acid-base imbalance. Excessive 
ventilation results in the high-level elimination of carbon 
dioxide (CO2), which is the final product of carbohydrates, 
lipids, and proteins oxidation. CO2 reacts with H2O under the 
enzymatic action of carbonic anhydrase, forming carbonic 
acid (H2CO3). H2CO3 is an essential blood pH buffer; therefore, 
low CO2 concentration decreases H2CO3 concentration, 
resulting in alkalosis (increase in blood pH) (Abbas et al 2017; 
He et al 2019). 

Egg production is directly affected by alkalosis 
because alkalosis reduces the concentration of diffusible or 
free calcium used for shell formation. Consequently, this 
mineral imbalance can result in small, thin-shelled eggs 
(Abbas et al 2017). Birds' responses to heat stress were 
outlined by Borges et al. (2003), as shown in Figure 1. 

 

4. Housing for laying hens 
 

Brazil is the seventh-largest egg producer globally and 
the largest producer in South America, where it holds 55% of 
all production (Avicultura Industrial 2016). Approximately 
90% of laying birds are housed in battery cage systems 
(Humane Society International 2014) in Brazil because of 
their good economic return. 

Initially, cages were used individually to check daily 
egg production, facilitating the disposal of unproductive 
animals. However, birds with high productivity emerged due 
to genetic advancement, enabling production at high 
densities (Mendes 2015). Accordingly, manual work was 
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reduced due to the automation of poultry sheds, allowing to 
house more birds per area using up to eight levels of 
overlapping cages (Yousaf et al 2019). 

In battery cage systems, the disposition can occur in 
several ways (Figure 02), aiming to facilitate activity 
management. The aviaries are rectangular (varied 
dimensions), open with or without automation (Telatin Jr 
2007). 

However, the use of cages receives several criticisms, 
mainly due to the limited space and high density, which 
restrict the natural behavior of birds, causing discomfort and 

stress. In addition to the high incidence of problems in birds' 
bone structure (Shields and Duncan 2008), cages contribute 
to problems in their feet due to the cage's floor. 

Some authors advocate the use of litter and nests 
(Pereira et al 2013; Chen et al 2015), where the bird can 
better express its natural behavior, considerably reducing 
stress. Due to the foreign market requirements, laying 
poultry is increasingly competitive with an intensification in 
nesting systems use, aiming to meet the fifth freedom, 
allowing the bird to express its natural behavior, and 
improving the laying performance (Barbosa Filho et al 2007). 
 

 

Figure 1 Representative diagram of the physiological responses of birds to heat stress. Source: Borges et al (2003). 
 
 
 

 

Figure 2 Layout of the cages in the conventional housing system for laying birds. 
A – vertical, B – Pyramidal, C and D 2-story pyramid. Source: Telatin Jr (2007).
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5. Air conditioning of poultry houses 
 

The typology most used in Brazilian poultry facilities is 
open sheds with curtains for lateral closing (Mendes 2015). 
In this type of installation, ventilation occurs naturally and is 
controlled only by opening or closing curtains according to 
the temperature inside the installation. 

Although natural ventilation is quite viable, it does not 
always allow air quality control, adequate oxygen levels, 
elimination of harmful gases (ammonia and CO2), and 
moisture and odors control (Baêta and Souza 2010). 

Ventilation intensity is essential for comfortable 
facilities that use natural ventilation once low-speed winds 
lead to high-temperature zones inside the aviaries. 
Therefore, mechanical ventilation is necessary to meet the 
demands. One of the main advantages of using mechanical 
ventilation is homogeneous air distribution. 

Negative pressure ventilation in tunnel mode is 
widespread in broiler production in Brazil. For laying birds, 
this type of longitudinal ventilation creates a gradient of up 
to 6 °C along the aviary and an even better temperature 
inside the shed. In addition, birds are housed at different 
levels concerning the floor due to the cages arrangement 
(Silva et al 2013). Negative pressure ventilation has a smaller 
interior amplitude when compared to natural ventilation, 
except for cages positioned near the east and west faces of 
the naturally ventilated aviary. Moreover, the temperatures 
inside the cages are significantly different from the 
temperatures in the hallways of the warehouses (Mendes 
2015). 

Mechanical ventilation is achieved by negative 
pressure or positive pressure. Negative pressure consists of 
removing air through exhaust fans, while positive pressure 
consists of forcing air into the installation (Nascimento et al 
2011). Ruzal et al (2011), evaluated the effect of ventilation 
on egg production and quality. Their results showed that 
birds exposed to high temperatures reduced production but 
recovered production when exposed to adequate ventilation. 

 

6. Final Considerations 
 

The Brazilian poultry industry had an expressive 
growth in the last decades, mainly concerning genetics and 
nutrition. However, thermal comfort in poultry houses is 
needed to achieve poultry's maximum productive potential. 

The producers have already assimilated such concern, 
who started to invest in upgrading poultry sheds and 
installing negative pressure ventilation systems in tunnel 
mode. The thermal efficiency and its distribution in the 
different cage levels of this ventilation system is slightly 
known; therefore, further investigations on this subject 
to find such information are encouraged.  
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