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Abstract: This study was conducted to survey the level of technification of quail sheds in Brazil. Data
from 25 quail farms (5 in each Brazilian region) were collected by image analysis of videos available
on the Internet. The analyzed variables were farm location, degree of technological adoption in quail
sheds, housing conditions, structural conditions, wall conditions, and thermal comfort equipment.
The data were subjected to descriptive analysis, and differences were assessed using the chi-squared
test (p < 0.10). It was found that curtain walls were the most used system for air entry and renewal in
quail sheds. Fan systems were present in only 12% of sheds, and evaporative cooling systems (or air
conditioning) were observed in 4% of sheds, exclusively on large farms. Internal insulation was used
in 20.83% of farms. In conclusion, Brazilian quail sheds have a low degree of technification; about
90% do not use implements such as ceiling, ventilation, and cooling systems. These conditions make
it difficult to control environmental variables within quail sheds, impairing thermal comfort and,
consequently, animal welfare and quail productivity.

Keywords: Coturnix; quail house; thermal comfort

1. Introduction

Several regions of the planet are undergoing desertification, mainly in tropical
countries [1,2]. Raising animals in sheds is emerging as an interesting strategy to meet
animal requirements and gain better control over environmental conditions. Quail are
considered environmentally resistant birds [3], as they are able to produce eggs even under
conditions that would be challenging to other birds, such as laying hens. Because of this
climate tolerance, quail farming is carried out in all regions of Brazil. The national flock
size amounts to 15 million birds, which together produce 273,000 dozen eggs annually,
according to data from the Brazilian Institute of Geography and Statistics [4].

Brazil has continental dimensions, with an area of 8,510,417,771 km2 [4]. Because of
its large territory, Brazil has a very wide climate variety, and each of its five regions has
distinct characteristics. A study investigated winter and summer thermal extremes over a
10-year period. The results showed that the main regions used for animal production are
in a situation of thermal emergency, with high temperatures in summer and abnormally
low temperatures in winter [5]. Climate extremes are partially explained by the country’s
proximity to the Equator, which results in high solar incidence and high air temperatures.
The climate is tropical or semi-arid in most of the country. Only part of the southern region
is located below the Tropic of Capricorn and has a subtropical climate [6].

Achieving good control over environmental conditions on bird farms is paramount, as
birds absorb heat from the environment and are particularly sensitive to high air tempera-
tures and exposure to solar radiation [7,8]. For instance, laying sheds must be equipped
with air circulation systems [9,10] in addition to air cooling systems [11], which are not
typically used in quail breeding. It should be noted, however, that shed conditions must
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be tailored to the specific characteristics of each region, ensuring the thermal comfort of
the quails.

A previous study investigated the housing and management conditions of quail farms
in Nigeria [12]. To the best of our knowledge, no such studies have been conducted in Brazil.
In view of this gap, this study surveyed the level of technification of laying quail sheds in
Brazil. The aims were to identify the main problems related to the rearing environment and
demonstrate the importance of implementing techniques for the improvement of thermal
comfort in quail farming facilities.

2. Materials and Methods

This study analyzed data from quail sheds located across all five regions of Brazil
(Figure 1). Data were collected from free access information available on the Internet.
The search terms used were “quail”, “quail environment”, “Japanese quail”, and “quail
breeding”. From a total of 60 videos found on the World Wide Web, we selected those that
showed thermal comfort facilities and equipment for Japanese laying quail.
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Figure 1. Geographic distribution of quail sheds analyzed in Brazil.

Exclusion criteria for video analysis were videos published more than eight years
ago, videos that did not show the interior of sheds, sheds housing fewer than 1000 birds,
videos about quail farming as a hobby, ornamental quail farms, and farms that raised quail
for slaughter. Subsequently, videos were assessed according to the following inclusion
criteria: farms with egg production as a source of income and videos with sufficient image
quality for analysis of shed conditions during egg laying. We also aimed to obtain a sample
comprising quail farms distributed across the five regions of the country (North, Northeast,
South, Southeast, and Central-West) and across three farm size categories. Farms were
classified as small (1000 to 3000 birds), medium (3000 to 10,000 birds), or large (10,000 to
800,000 birds). The number of animals was mentioned in the videos. The final sample
comprised 25 videos, including 5 farms from each geographic region. As for size, 8 farms
were small, 8 were medium, and 9 were large.

The meteorological variables analyzed in this research were air temperature (◦C),
relative humidity (%), air velocity (m s−1), and solar radiation (W m−2). Meteorological
data referring to each farm location in 2021 (Figure 2) were extracted from the National
Institute of Meteorology database [13] of the Brazilian Ministry of Agriculture, Livestock,
and Food Supply (MAPA). The quail shed variables analyzed in the study are described in
Table 1.
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Figure 2. Five territorial regions of Brazil: (a) mean air temperature, relative humidity, solar radiation,
and air velocity (adapted from INMET) and (b) geographic location (latitude and longitude) and
climate classification (Koppen) of the 25 quail sheds included in the study.

Table 1. Quail shed variables analyzed in this study.

Category Variables

Farm location
State
City *

Degree of technology adoption

Farm size
Quail management
Egg management

Excreta management

Housing conditions
Number of battery cages

Cage arrangement
Cage size

Shed structural conditions
Roof ridge vents

Internal insulation
Ceiling

Shed wall conditions
Curtains

Other materials

Thermal comfort equipment
Sprinklers

Cooling system
Ventilation system

* The exact location of farms will not be provided for confidentiality reasons.

All selected videos allowed us to have a clear view of the interior of sheds, from the
floor to the rooftop. Quantitative and qualitative parameters related to Japanese quail
production were analyzed and compared between the categories of Table 1. Quantita-
tive parameters were analyzed within farm size and geographic region categories, and
qualitative parameters were analyzed within cage arrangement types (Table 2).

Table 2. Qualitative and quantitative parameters used for in-depth analysis of quail sheds.

Category Parameter Responses

Qualitative variables

Farm size 1

Feed supply
Automatic or manualEgg collection

Curtains
Yes or noAir circulation

Evaporative cooling
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Table 2. Cont.

Category Parameter Responses

Geographic region 2
Ceiling Yes or no

Shed wall Curtains, concrete, wood, open
wall, or shade net

Thermal comfort
equipment

Ventilation
Yes or noCooling

Quantitative variables

Cage arrangement 3 Number of birds per cage 8, 20, or 50
Number of batteries 1, 3, 4, 5, or 6

1 Farm size was categorized as large, medium, or small. 2 Regions were North, Northeast, Central-West, Southeast,
or South. 3 Cage arrangement was categorized as pyramidal or vertical.

Two types of cage arrangement were observed, either vertical or pyramidal, both in
battery mode (Figure 3).
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with a pyramidal arrangement and (b) large cages (0.40 × 0.80 × 0.25 m) with a vertical arrangement.

The data were subjected to frequency analysis using the PROC FREQ procedure of
SAS version 9.2. Probability analysis was performed by a chi-squared test at p < 0.10. The
frequency analysis model is given by Equation (1):

fri =
fi
n

(1)

where fri is the relative frequency of categories (see Table 2), fi is the absolute frequency of
each category, and n is the total number of farms (n = 25). The relative frequency ( fri, %)
was calculated for each category and multiplied by 100.

3. Results

The degree of technology adoption in quail sheds varied significantly in terms of feed
supply (p < 0.10). It was found that 55% of large and 20% of medium farms invested in
automated feeders (Figure 3). Only large farms (with more than 10,000 housed quail) had
highly advanced systems, and only 40% of farms had fully automated systems for feed
supply, egg collection, and excreta collection (Figure 4).
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Figure 4. Percentage of farms with manual feed supply and egg collection systems according to farm
size (n = 25).

Housing conditions varied according to cage size. Cages had a maximum capac-
ity of 8, 20, or 50 birds (Figure 5A). The number of rows per battery varied from 1 to 6
(Figure 5B). There was a significant difference in cage size only for the pyramidal arrange-
ment (p < 0.001). For vertically arranged cages, the number of rows per battery was either
five or six (Figure 5B), not differing significantly (p > 0.10).
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Figure 5. Frequency of (a) cage size and (b) battery number classes according to cage arrangement in
quail farms (pyramidal, n = 17/25; vertical, n = 8/25).

The availability of thermal comfort equipment (curtains, fans, and evaporative cooling
systems) varied according to farm size. Curtains were the most used device, being present
in 70% of large, 60% of medium, and 37% of small-scale farms. Fans were present in only
12% (p < 0.0001) of farms, and evaporative or air conditioning systems were observed in
only 4% of sheds, being exclusively used by large farms (Figure 6).

Farms differed significantly in shed roof material, ranging from fiber cement to metal
and clay/ceramic (p < 0.0001). Because of their low cost, fiber cement roofs were the most
frequently used, observed in 75% of farms. Here, only 12% of sheds had clay/ceramic roofs.
Roof ridge vents were observed only in large farms, in 8.33% of these farms.

In conventional systems, most sheds were equipped with wall materials for the control
of solar radiation and airflow. The main structures were shade nets and curtains (54.17%),
fully open walls (16.67%), concrete walls with windows (12.50%), wood walls (8.33%), and
walls with canvas and shade (8.33%), differing significantly between farms (p = 0.0012).
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Shed wall materials differed according to region. Interestingly, among regions with higher
solar radiation, only farms in the North used shade nets (33%). Fully open walls were used
in 16.67% of farms in the Northeast and Southeast and 66% in the North (Figure 7).
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Figure 6. Percentage of quail sheds with cooling systems according to farm size (n = 25).
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Figure 7. Wall materials used in quail sheds according to region (n = 25).

In the North (33.33%) and South (14.29%), sheds lacking curtains had shade nets made
of black polypropylene cloth (p < 0.05) (Figure 7). Curtain color also differed between
farms (p = 0.03); the majority (57%) had blue curtains, followed by yellow (29%) and gray
(14%) curtains.

Internal insulation was observed in only 20.83% of farms, not differing according to
farm size. Significant differences were observed between regions (p < 0.10): in the Southeast,
43% of farms had ceilings; in the North, 33%; and in the Southeast, 16.67%. In the Northeast
and Central-West, no farm had sheds with insulation (Figure 8).

The use of ventilation and cooling systems differed according to farm size and region.
Ventilation systems were observed in 8.33% of farms (p < 0.0001), and evaporative cooling
in only 4% (Figure 9). Fans were observed in only two regions of the country: 16.67% of
farms in the Northeast and the same percentage in the Southeast had fans (p < 0.0001).
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Figure 8. Frequency quail sheds with ceiling according to region (n = 25).
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Figure 9. Frequency of ventilation and cooling systems in quail sheds (n = 25).

4. Discussion

The main goal of quail breeding is egg production. Japanese quail bred specifically
for egg laying are widely used for this purpose [12]. Here, it was observed that nearly 90%
of small-scale quail farmers also produce chicks, male meat, and breasts and thighs of dis-
carded quail. In Brazil, small-scale and some medium-scale farmers carry out quail breeding
as a family activity; therefore, the management of quail, eggs, and excreta is performed daily
and fully manually. Technification of quail farms should improve feed supply, decrease
egg losses (dirty, cracked, or broken eggs), and, consequently, enhance productivity.

Cage arrangement influences excreta collection. In the pyramidal system, no trays are
used, and thus, excreta fall to the floor [3]. In sheds with cages arranged vertically, waste
management should be performed more judiciously, as excreta are held in trays below
cages, promoting accumulation. Excreta remain closer to birds, representing a possible
sanitary problem and requiring more work to keep sheds clean. Farms with vertically
arranged cages generally opt for automated systems of waste collection. Interestingly, 50%
of large quail farms and 17% of medium-sized farms in Brazil used automated systems. An
important advantage of automated systems, in addition to reduced handling, is that feed
troughs can be filled several times a day, encouraging feed consumption [14].

In the study sample, birds were reared in battery cages arranged vertically or in a
pyramidal system. Vertically arranged cages allow for better use of the shed area, increasing
stocking density. However, such optimization of space results in close proximity of battery
cages to the roof. Upper areas represent the warmest regions of the shed, as hot air is less
dense and tends to rise and accumulate in this area [15]. The radiant thermal load absorbed
by the roof is another contributing factor [16,17]. It was found that most farmers controlled
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shed temperature using curtains and high roofs, regardless of farm size. High roofs provide
more distance between birds and the roof and allow better air circulation inside the shed.

Rainfall variability, as highlighted by da Silva et al. [2], has direct effects on climate,
vegetation, and water resources, making human activities more susceptible to climate
impacts. In Brazil, the irregular temporal and spatial distribution of rainfall, added to the
high air temperatures and radiation, accentuates tropical climate effects and increases the
vulnerability of warmer regions to human activities, such as animal production. A country
with a predominantly tropical climate, such as Brazil, may face serious problems with high
solar radiation levels [17]. Meteorological variables (air temperature and solar radiation)
had high averages throughout the year in all regions, namely in the South and Southeast
(26 ◦C), Northeast (30 ◦C), and Central-West and North (31 ◦C). Solar radiation ranged
from 520 to 828 W m−2 in the South and Central-West, respectively.

Reduction of radiation effects on the roof and installation of a ceiling could enhance
thermal comfort. Use of roof insulation was greater in the South (42%), a region character-
ized by colder temperatures throughout the year. Insulation is applied to help maintain
internal temperatures and prevent heat from escaping. Nevertheless, ceilings should be
installed in hot climates as well [11], as they serve as a physical barrier to heat absorbed by
the roof. Air has low thermal conductivity [18] and acts as an efficient thermal insulator
between the ceiling and roof. This strategy represents an efficient and cheap manner to
improve the thermal comfort of quail sheds.

Painting roofs white is an important technique to increase sunlight reflection, thereby
minimizing radiation absorption via the roof [19]. Ideally, roof materials have high reflec-
tivity and thermal emissivity [15]. Here, 13% of farms used metal roofs; a downside of
this material is the noise produced while raining, which may cause discomfort and stress
in quail, ultimately affecting egg production, aggravated by the high rainfall levels of the
country. In regions with higher temperatures, it is suggested to use sandwich panels, which
contain a layer of thermally insulating material, usually Styrofoam, between the outer and
inner metal sheets.

Clay tile roofs are heavy, require a large support structure, and demand more main-
tenance. Nevertheless, this type of roof has an advantage over the others in terms of
thermal control. Borges et al. [20] tested four types of roofs for quail sheds and found
that ceramic roofing provided the best thermal comfort. A ridge vent is an opening in the
roof that allows hot air to escape from the shed [15] and is indicated for warm regions.
Ridge vents must be planned and implemented during shed construction; because of this,
it was not observed in small and medium-sized farms (totaling 92%), which are generally
adapted facilities.

As noted in a previous study, when the ambient temperature exceeds 29 ◦C, quail
cannot effectively dissipate heat to the environment through sensible heat transfer. At 30 ◦C
and above, heat loss changes to heat gain, causing heat stress in Japanese quails [21]. This
thermal discomfort promotes the activation of heat loss through respiratory evaporation,
which implies energy expenditure and, consequently, decreased egg production [22]. In the
hotter regions of the current study, such as the North, Northeast, and Central-West, there
was greater activation of respiratory evaporation, given the environmental characteristics
and average air temperature of 30 ◦C. As in the Northeast, the Brazilian Central-West is
characterized by a 6-month drought period, with temperatures exceeding 25 ◦C and relative
humidity below 20%; these conditions promote an increase in respiratory frequency in
quail [13].

Shed walls are necessary to facilitate air entry and renewal. Such renewal is necessary
to obtain clean, cool air in warm regions and to allow the exit of possibly toxic gases,
particularly in the case of sheds that remain closed in the winter. Walls also prevent direct
exposure of quail to solar radiation, which could decrease bird welfare and worsen the
thermal condition of the shed.

Sheds with fully open walls were more frequent in the North (33%), Northeast, and
Central-West (16%), which are the regions closest to the Equator and, consequently, have
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high solar radiation load. Solar radiation reached 828 W m−2 in the Central-West [17]. It
is suggested to have non-fruit trees outside sheds to decrease solar radiation. In the case
of sheds without blackout curtains, shade nets represent a great alternative for reducing
radiant heat load. Shade nets are made of black polypropylene cloth and can block 70% to
90% of radiance, depending on the material.

Optimization of the construction processes by combining different techniques and
materials can make buildings more sustainable and better adapted to the climate. By
evaluating cost, time, and environmental comfort, this approach allows for better resource
management, making buildings more effective for animal production. Application of these
concepts in poultry housing for quail production is extremely important, as most sheds are
open facilities, and increased animal welfare directly reflects on productivity [23].

Curtains ought to be closed at night to prevent a marked decrease in internal temper-
ature. During the day, curtains should remain closed on the sides receiving sunlight to
prevent direct exposure of animals to sunlight or the entry of radiation in cases where there
is no natural (trees) or artificial (black polypropylene cloth) shading [24]. These factors
are aggravated by the high temperature and air humidity of some regions, increasing the
radiant heat load inside sheds and making environments thermally uncomfortable [25],
promoting heat stress in quail.

Particularly in small farms, curtain management should be performed carefully. Farm-
ers should close curtains on the side receiving solar radiation and keep the other curtains
open to allow air exchange. In more modern sheds, it is suggested to place temperature
sensors for automated opening and closing of curtains. With this technique, curtains can
be adjusted according to the level of solar radiation inside the shed. Curtain color influ-
ences light intensity, comfort conditions, and bird behavior. A yellow color is indicated
for low-latitude regions, where the weather is colder and days are shorter, helping save
electricity [11,26,27].

The use of windows and curtains is widespread, but thermal comfort equipment, such
as ventilation and evaporative cooling systems (evaporative plates), was used by only a
few farms. Fans should be installed [9,28] to maintain air circulation and renewal. Another
option is exhaust fans associated with evaporative plates in larger, fully enclosed, and
air-conditioned systems in tunnel-type sheds. These systems may improve the thermal
comfort of birds, although recommendations may vary according to region.

On hotter days, ventilation is useful for improving the thermal comfort of animals [9,28]
and maintaining feed intake levels [29]. It is important to point out that ventilation only
affects thermal sensation, defined by the average radiant temperature. Air temperatures
are effectively decreased only when fans are associated with sprinklers and/or nebulizers.
Therefore, because the North, Northeast, and Central-West have average air temperatures
above 30 ◦C and high solar radiation (615 to 828 W m−2), it is recommended to use both
ventilation and cooling systems to improve the thermal comfort of quail.

Sprinklers are indicated for regions with dry and warm air (Central-West and inland
Northeast). However, air humidity is high during most of the year in northern regions.
Care must be taken not to increase the relative humidity of the shed excessively. Thus, the
height and arrangement of the sprinkler system must be taken into account. It is necessary
to alter the outlet pressure and perform maintenance and cleaning of sprinkler nozzles
when necessary. These factors can help guarantee complete evaporation of water before
reaching quail, which is not indicated.

Quail thermal comfort is essential for production. The suggested adjustments to quail
sheds are important for maintaining the thermal balance of animals [8,30]. Birds in a
thermally comfortable environment are able to maintain zootechnical indices [31], feed
intake, feed conversion, egg production, and high laying rates (>85%) [32,33]. Furthermore,
eggshell quality is enhanced, which is crucial for minimizing losses that may occur between
egg production to egg processing [34].

Negative effects on egg production and bird health may be attributed to nutritional
deficits or thermal discomfort promoted by excessive heat [35]. One sign of excessive heat
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is panting for a long time with an open beak [36] in an attempt to dissipate heat and cool
the body [22]. This is a point of concern, because a prolonged increase in respiratory rate
causes nutrient imbalance, particularly calcium and phosphorus, allocated to regulate body
homeostasis [37]. Consequently, these minerals are not carried to the uterus, where calcium
deposition occurs for eggshell formation [37–39]. As a result, laid eggs may be soft, cracked,
or thin-shelled.

The quail farms assessed in this study were found to have a low degree of technifi-
cation, with a low use of thermal comfort equipment. Given that Brazil has continental
dimensions and a tropical climate characterized by higher temperatures and solar radiation
(annual means of 30 ◦C and 828 W m−2, respectively), measures need to be taken to improve
the bird’s thermal comfort. Such efforts are particularly important in the current scenario
of heatwaves, which are projected to worsen over the years because of global warming and
increased desertification [1,2].

5. Conclusions

Quail sheds have a low degree of technification in Brazil. The majority (90%) do not
use ceilings, ventilation, or cooling systems. This makes it difficult to control environmental
variables, impairing thermal comfort, animal welfare, and quail productivity. Given that
most sheds do not have air conditioning systems, the regions with the most suitable climatic
conditions for quail farming are the Southeast, Northeast, and South, which currently have
the highest quail egg production rates. However, some improvements may increase the
efficiency of external and internal elements of quail sheds, thereby increasing animal
welfare. Painting the roof with white paint and installing a ceiling on the inside may
promote radiation reflection. To block radiation from entering the shed, curtains and shade
nets are recommended. Air cooling or sprinkler systems are the most efficient means of
reducing air temperature and facilitating heat dissipation, preventing an increase in quail
energy expenditure. Fans can be used to promote air circulation and renewal when air
temperatures are below 28 ◦C.

Author Contributions: E.M.d.O., J.V.d.N.M. and J.B.T.: Conceptualization and project administration;
E.M.d.O., J.V.d.N.M. and L.d.F.R.: data curation; E.M.d.O., L.d.F.R. and S.T.N.: methodology and
formal analysis; E.M.d.O., S.T.N. and T.C.d.S.: data analysis; E.M.d.O., S.T.N., J.V.d.N.M., L.d.F.R.,
J.B.T. and T.C.d.S.: writing—original draft; E.M.d.O., J.B.T. and T.C.d.S.: writing—review and editing.
All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by the Brazilian National Council for Scientific and Technological
Development (CNPq) and in part by the Brazilian Federal Agency for Support and Evaluation of
Graduate Education (CAPES) (Finance Code 001).

Data Availability Statement: The data were collected from reports with free access available on
the Internet on YouTube, and meteorological data were extracted from the database of the National
Institute of Meteorology (INMET), which is part of the Brazilian Ministry of Agriculture, Livestock,
and Food Supply (MAPA).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Burrell, A.L.; Evans, J.P.; De Kauwe, M.G. Anthropogenic climate change has driven over 5 million km2 of drylands towards

desertification. Nat. Commun. 2020, 11, 3853. [CrossRef]
2. da Silva, J.L.B.; de Albuquerque Moura, G.B.; da Silva, M.V.; de Oliveira-Júnior, J.F.; Jardim, A.M.D.R.F.; Refati, D.C.;

da Cunha Correia Lima, R.; de Carvalho, A.A.; Ferreira, M.B.; Santos, R.C. Environmental degradation of vegetation cover and
water bodies in the semiarid region of the Brazilian Northeast via cloud geoprocessing techniques applied to orbital data. J. South
Am. Earth Sci. 2023, 121, 104164. [CrossRef]

3. Murakami, A.E.; Ariki, J. Ambiência. In Produção de Codornas Japonesas, 1st ed.; Funep: Jaboticabal, Brazil; UNESP: São Paulo,
Brazil, 1998; pp. 39–45.

4. IBGE. Instituto Brasileiro de Geografia e Estatística. 2021. Available online: https://www.ibge.gov.br/estatisticas/economicas/
agricultura-e-pecuaria/9107-producao-da-pecuaria-municipal.html?=&amp;t=resultados&gt; (accessed on 1 September 2023).

https://doi.org/10.1038/s41467-020-17710-7
https://doi.org/10.1016/j.jsames.2022.104164
https://www.ibge.gov.br/estatisticas/economicas/agricultura-e-pecuaria/9107-producao-da-pecuaria-municipal.html?=&amp;t=resultados&gt;
https://www.ibge.gov.br/estatisticas/economicas/agricultura-e-pecuaria/9107-producao-da-pecuaria-municipal.html?=&amp;t=resultados&gt;


AgriEngineering 2023, 5 2324

5. Cesca, R.S.; Santos, R.C.; Goes, R.H.D.T.; Favarim, A.P.C.; Oliveira, M.S.G.D.; Silva, N.C.D. Thermal comfort of beef cattle in the
state of Mato Grosso do Sul, Brazil. Sci. Agrotechnol. 2021, 45, 1–7. [CrossRef]

6. Alvares, C.A.; Stape, J.L.; Sentelhas, P.C.; De Moraes Goncalves, J.L.; Sparovek, G. Köppen’s climate classification map for Brazil.
Meteorol. Z. 2013, 22, 711–728. [CrossRef]

7. Maia, A.S.C.; Milan, H.F.M.; Simão, B.R.; Nascimento, C.C.N.; Fonsêca, V.F.C. Fundamentos de transferência de calor aplicados a
animais domésticos. In Fisiologia Térmica dos Vertebrados; Cultura Acadêmica: São Paulo, Brazil, 2020; pp. 45–47.

8. Macari, M.; Maiorka, A. Termorregulação. In A Fisiologia das Aves Comerciais; Funep: Jaboticabal, Brazil; UNESP: São Paulo, Brazil,
2017; pp. 192–199.

9. Santos, T.C.; Gates, R.S.; Tinôco, I.F.F.; Zolnier, S.; Rocha, K.S.O.; Freitas, L.C.S.R. Productive performance and surface temperatures
of Japanese quail exposed to different environment conditions at start of lay. Poult. Sci. 2019, 98, 2830–2839. [CrossRef]

10. Vilela, M.O.; Gates, R.S.; Zolnier, S.; Barbari, M.; Junior, C.T.; Andrade, R.R.; Rocha, K.S.O.; Tinôco, I.F.F.; Souza, C.F.; Conti,
L.; et al. Variable velocity system for evaluating effects of air velocity on Japanese quail. Agron. Res. 2020, 18 (S1), 1068–1081.
[CrossRef]

11. Baracho, M.S.; Nääs, I.A.; Betin, P.S.; Moura, D.J. Factors that Influence the Production. Environment. and Welfare of Broiler
Chicken: A Systematic Review. Braz. J. Poult. Sci. 2018, 20, 617–624. [CrossRef]

12. Saka, J.O.; Oyegbami, A.; Okere, I.A.; Omole, A.J.; Fayenuwo, J.O. Production systems of Japanese quail (Coturnix coturnix
japonica) in the urban communities of southwestern Nigeria. Trop. Anim. Health Prod. 2018, 50, 1295–1303. [CrossRef]

13. INMET. Instituto Nacional de Meteorologia. 2021. Available online: http://www.inmet.gov.br/portal/index.php?r=bdmep/
bdmep (accessed on 21 January 2022).

14. Togashi, C.K.; Soares, N.M.; Murakami, A.E. Levantamento técnico das granjas produtoras de ovos de codornas localizadas em
bastos e região, estado de São Paulo. Informações Econômicas 2008, 38, 28–30.

15. Baêta, F.C.; Souza, C.F. Acondicionamento Térmico das Instalações. In Ambiência em Edificações Rurais: Conforto Animal; UFV:
Viçosa, Brazil, 2010; p. 81.

16. Maia, A.S.C.; de Andrade Culhari, E.; de França Carvalho Fonsêca, V.; Milan, H.F.M.; Gebremedhin, K.G. Photovoltaic panels as
shading resources for livestock. J. Clean. Prod. 2020, 258, 120551. [CrossRef]

17. De Oliveira, E.M.; De Oliveira, L.Q.M.; do Nascimento Mós, J.V.; Teixeira, B.E.; Nascimento, S.T.; Dos Santos, V.M. Solar radiation
limits the use of paddocks by laying hens raised in the free-range system. Trop. Anim. Health Prod. 2022, 54, 181. [CrossRef]

18. Da Silva, R.G. Radiação. In Biofísica Ambiental; Os animais e seu, ambiente; Funep: Jaboticabal, Brazil; UNESP: São Paulo, Brazil,
2008; pp. 55–65.

19. Passini, R.; De Araújo, M.A.; Yasuda, V.M.; Almeida, E.A. Intervenção ambiental na cobertura e ventilação artificial sobre índices
de conforto para aves de corte. Rev. Bras. Eng. Agrícola Ambient. 2013, 17, 333–338. [CrossRef]

20. Borges, J.O.; De Siqueira, J.C.; Diniz, H.C.; De Carvalho, R.A.; Bomfim, M.A.D.; Ribeiro, F.B.; De Sousa, T.V.R. Effect of shed roof
type and babassu pie on the productive characteristics of meat quails. Semin. Ciências Agrárias 2017, 38, 2001–2017. [CrossRef]

21. De Oliveira, E.M.; Nascimento, S.T.; Mós, J.V.D.N.; Roza, L.D.F.; Dos Santos, T.C. Maximum limit of sensible heat dissipation in
Japanese quail. Int. J. Biometeorol. 2023, 67, 517–526. [CrossRef]

22. Nascimento, S.T.; Maia, A.S.; Gebremedhin, K.G.; Nascimento, C.C. Metabolic heat production and evaporation of poultry. Poult.
Sci. 2017, 96, 2691–2698. [CrossRef]

23. Lovatto, J.; Santos, R.C.; Souza, C.; Zucca, R.; Lovatto, F.; Geisenhoff, L.O. Use of linear programming for decision making: An
analysis of cost, time and comfort of rural housing dwellings. Rev. Bras. Eng. Agrícola Ambient. 2020, 24, 622–629. [CrossRef]

24. Do Nascimento Mós, J.V.; Teixeira, B.E.; Murata, L.S.; Dos Santos, V.M.; de Oliveira, E.M.; Steidle Neto, A.J.; Nascimento, S.T.
Thermal comfort provided by different shading structures in free-range systems in Brazilian savanna. Int. J. Biometeorol. 2022,
66, 535–544. [CrossRef]

25. Da Silva, R.G.; Maia, S.C. The Environment. In Principles of Animal Biometeorology; Springer: Dordrecht, The Netherlands, 2013;
pp. 4–19.

26. Abreu, V.M.N.; Abreu, P.G.; Coldebella, A.; Paiva, P.; Jaenisch, F.R.F.; Santos, F.J.I. Cortina amarela e azul, programas de luz quase
contínuo e intermitente na produção de frangos de corte. In Circular Técnica Embrapa Aves e Suínos, 1st ed.; Embrapa: Concórdia,
Brazil, 2008; pp. 1–24.

27. Vercellino, R.A.; Moura, D.J.; Nääs, I.A.; Maia, A.P.A.; Medeiros, B.B.L.; Salgado, D.D.; Carvalho, T.M.R. The influence of
side-curtain color on broiler chick behavior. Braz. J. Poult. Sci. 2013, 15, 173–179. [CrossRef]

28. Raharjo, S.; Rahayu, E.S.; Purnomo, S.H. Factors affecting quail egg production under the changing climate at Kulonprogo
Regency, Indonesia. In IOP Conference Series: Earth and Environmental Science. International Conference on Climate Change, Indonesia;
IOP Publishing: Bristol, UK, 2018; p. 012012. [CrossRef]

29. Santos, T.C.; Gates, R.S.; Tinôco, I.F.F.; Zolnier, S.; Baêta, F.C. Behavior of Japanese quail in different air velocities. Pesqui.
Agropecuária Bras. 2017, 52, 344–354. [CrossRef]

30. Paulino, M.T.F.; De Oliveira, E.M.; Grieser, D.O.; Toledo, J.B. Criação de frangos e acondicionamento térmico em suas instalações.
Fevereiro 2019, 13, 170. [CrossRef]

31. Rodrigues, L.R.; Furtado, D.A.; Costa, F.G.P.; Do Nascimento, J.W.B.; Cardoso, E.A. Thermal comfort index. physiological
variables and performance of quails fed with protein reduction. Rural. Constr. Ambience 2016, 20, 378–384. [CrossRef]

https://doi.org/10.1590/1413-7054202145008321
https://doi.org/10.1127/0941-2948/2013/0507
https://doi.org/10.3382/ps/pez068
https://doi.org/10.15159/AR.20.137
https://doi.org/10.1590/1806-9061-2018-0688
https://doi.org/10.1007/s11250-018-1558-y
http://www.inmet.gov.br/portal/index.php?r=bdmep/bdmep
http://www.inmet.gov.br/portal/index.php?r=bdmep/bdmep
https://doi.org/10.1016/j.jclepro.2020.120551
https://doi.org/10.1007/s11250-022-03179-7
https://doi.org/10.1590/S1415-43662013000300013
https://doi.org/10.5433/1679-0359.2017v38n4p2001
https://doi.org/10.1007/s00484-023-02432-4
https://doi.org/10.3382/ps/pex094
https://doi.org/10.1590/1807-1929/agriambi.v24n9p622-629
https://doi.org/10.1007/s00484-021-02214-w
https://doi.org/10.1590/S1516-635X2013000300002
https://doi.org/10.1088/1755-1315/200/1/012012
https://doi.org/10.1590/s0100-204x2017000500008
https://doi.org/10.31533/pubvet.v13n3a280.1-14
https://doi.org/10.1590/1807-1929/agriambi.v20n4p378-384


AgriEngineering 2023, 5 2325

32. Guimarães, M.C.D.C.; Furtado, D.A.; Do Nascimento, J.W.; Tota, L.D.C.; Silva, C.M.D.; Lopes, K.B.D.P. Effect of season on
production performance of quail in the semiarid region of Paraiba state. Rev. Bras. Eng. Agrícola Ambient. 2014, 18, 231–238.
[CrossRef]

33. Leal, D.H.V.; De Faria Filho, D.E.; Oliveira, E.M.B. Classification of the coefficients of variation of parameters evaluated in
Japanese quail experiments. Braz. J. Poult. Sci. 2014, 16, 97–100. [CrossRef]

34. Vercese, F.; Garcia, E.A.; Sartori, J.R.; Silva, A.P.; Faitarone, A.B.G.; Berto, D.A.; Molino, A.B.; Pelícia, K. Performance and egg
quality of Japanese quails submitted to cyclic heat stress. Braz. J. Poult. Sci. 2012, 14, 37–41. [CrossRef]

35. El-Tarabany, M.S. Impact of temperature-humidity index on egg-laying characteristics and related stress and immunity parameters
of Japanese quails. Int. J. Biometeorol. 2016, 60, 957–964. [CrossRef]

36. Costa, E.M.S.; Dourado, L.R.B.; Merval, R.R. Medidas para avaliar o conforto térmico em aves. Publicações Med. Veterinária Zootec.
2012, 6, 1450–1454. [CrossRef]

37. Furlan, R.L.; De Silva, A.V.F.; Borges, A.S.; Macari, M. Equilíbrio ácido-básico. In Fisiologia Aviária Aplicada a Frango de Corte;
Funep/UNESP: Jaboticabal, Brazil, 2002; pp. 51–71.

38. Bar, A. Calcium transport in strongly calcifying laying birds, mechanisms and regulation. Comp. Biochem. Physiology. Part A Mol.
Integr. Physiol. 2009, 152, 447–469. [CrossRef]

39. Furlan, R.L.; Macari, M. Termorregulação. In Fisiologia Aviária Aplicada a Frangos de Corte; Funep: Jaboticabal, Brazil; UNESP: São
Paulo, Brazil, 2002; pp. 211–213.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1590/S1415-43662014000200015
https://doi.org/10.1590/1516-635x160297-100
https://doi.org/10.1590/S1516-635X2012000100007
https://doi.org/10.1007/s00484-015-1088-5
https://doi.org/10.22256/pubvet.v6n31.1452
https://doi.org/10.1016/j.cbpa.2008.11.020

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

