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Simple Summary: The external quality of eggs is an essential factor to consider in the poultry pro-
duction sector since economic losses are directly related. This study evaluated the spatial variability
of external egg quality in naturally ventilated vertical caged aviaries, with variability in quality
hypothesized to be caused by hen age differences and by variability in thermal and light conditions
within the aviary. Both winter and summer conditions in a tropical region were examined. The spatial
variability of external egg quality was found to be greater in summer than in winter, regardless
of hen age. Egg weight and shell quality values were lower in the upper level of cages located in
the center of the aviary. The light intensity in the aviary presented tremendous spatial variability,
but its effect on external egg quality was not significant. Egg external quality spatial distribution
determination is shown to be a useful indicator of economic loss and an aid in hen nutritional and
thermal management, as well as in egg collection and classification, by deploying a differentiated
management of collection in the area where hens produce eggs with lower external egg quality.

Abstract: External egg quality is an essential parameter of egg production as it relates directly
to economic losses. This study evaluated the spatial variability of external egg quality in five
naturally ventilated caged vertical aviaries. Differences caused by bird age and thermal and luminous
variability within aviaries during winter and summer were analyzed. Data on aviary air temperature,
relative humidity, light intensity, and external egg quality were collected at evenly distributed
points along the aviary length within three levels of cages. The experimental design was completely
randomized in a factorial scheme. In the summer, the highest air temperature and lowest relative
humidity were found in central cages, mainly in upper center cages; hens produced eggs with a lower
weight and shape index in this area. Similar results were obtained in the winter. In the summer, eggs
with lower shell weight and thickness were also produced by hens housed in the central cages, but
in the winter, the opposite result was obtained. This study of the spatial variability of external egg
quality proved efficient in detecting areas within an aviary with poor quality eggs; improvements to
design and management in these areas could help management improve production efficiency and
contribute to a sustainable egg supply.

Keywords: eggshell quality; laying hens; spatial distribution; thermal conditions

1. Introduction

Egg quality is characterized by a set of external and internal egg parameters that
affect the production process, economics, and profitability. The external quality of eggs
is an essential factor to consider in the egg production sector since economic losses are
directly related. Egg weight and shape index are two parameters used in the commercial
classification of eggs and are directly related to the propensity for breakage. The parameters
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frequently analyzed in determining external egg quality are egg weight, shape index,
specific gravity, shell weight, shell thickness, and shell mass percentage of the egg [1].

The egg shape index is defined as the relationship between the egg’s width and
length and positively correlates with egg weight [2,3]. Egg weight is a parameter used in
commercial egg classification, and the shape index is used to detect unusually shaped eggs,
such as long or round eggs. Oval eggs do not fit snugly into egg cartons and are therefore
more likely to be broken during loading and transport than normal-shaped eggs [2].

The eggshell acts as a protective barrier against contamination by microorganisms and
controls the exchange of gases through the pores during incubation [4]. The external egg
quality parameters related to the protection function are shell weight, shell thickness, and
shell percentage. The analysis of these parameters is important to keep the eggs intact and
free of contaminants for consumption.

Egg specific gravity is an indirect parameter commonly used to analyze eggshell
strength. Specific gravity is related to the shell percentage and shell thickness of the egg.
Shell percentage is the ratio of egg shell weight to egg weight. Therefore, the higher the
percentage of shell and thickness, the higher the specific gravity, and thus the more resistant
the eggshell [5].

Bird age, as well as variations in thermal condition and light intensity within an
aviary, are factors that have been seen to influence external egg quality. As hens age, egg
weight increases and shell weight, percentage of shell, and shell thickness [6,7] all decrease.
Exposure to air temperatures above the thermal comfort zone [8-10] negatively influences
the external egg’s quality [11-13], and its effect will be greater with higher levels of air
relative humidity in the air [14]. Light intensity negatively affects the external quality of
eggs [15-19]. A lux intensity of 10 at the hen’s head is considered necessary to produce
quality eggs in open aviaries [20,21].

The study of the simultaneous effects of thermal and light conditions in the interior of
the aviary and the age of the birds can provide relevant information about the region of the
aviary that produces lower-quality eggs. Therefore, the present study aimed to evaluate
the spatial variability of external egg quality in naturally ventilated vertical aviaries as
affected by the age difference between the birds and by the thermal and light conditions of
the interior of the aviary in winter and tropical summer.

2. Materials and Methods
2.1. Characteristics of Facilities

The experiment was carried out in July 2016 (winter) and January 2017 (summer)
in five aviaries with a vertical cage system and natural ventilation, located on a farm
in the southern region of the state of Minas Gerais, Brazil, at geographic coordinates
22°17'45” S and 44°56'05” W at an average elevation of 892 m. The aviaries were
134.0 x 12.5 m (length x width), 5.0 m high, 1.2 m open ridge (covered); the aviaries
were constructed with metallic frames and an uninsulated galvanized steel roof.

The facility housed four batteries of vertical cages, each with six floors. Each cage
had dimensions of 0.6 x 0.5 x 0.4 m (width x depth X height), housing ten birds per cage
with an average density of 300 cm?.bird ! (high density). Each aviary on the farm could
accommodate up to 100,000 laying hens.

The aviaries utilized in this study housed Hy-Line W-36 laying hens at different
ages (43, 56, 69, 79, and 86 weeks of age), both in winter and summer. Hens’ ages were
determined according to the farm’s production schedule, and they were selected to allow
for studying birds of the same age in both winter and summer. Figure 1 displays the
aviaries’ location within the farm complex. As can be seen, over the two seasons, there
were eight independent aviaries included in the study, five for each season, with winter
aviary 43W being the same as that labeled summer aviary 69W and winter aviary 56W
being labeled as summer aviary 79W. This was done to ensure that five unique hen ages
could be consistently compared between the two seasons.
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Figure 1. Aviary locations layout with hens at 43 weeks (43W), 56 weeks (56W), 69 weeks (69W),
79 weeks (79W), and 86 weeks (86W) of age (a) in winter and (b) summer.

The farm’s light program was 16 h of light (a combination of natural and artificial) and
8 h darkness, as recommended in the Hy-Line W-36 Management Manual [22]. Feed was
supplied through automatic feeders and water through nipple drinkers, both ad libitum.
The collection and transport of eggs and the collection and removal of feces were done with
motorized egg and manure belts, respectively.

2.2. Thermal Conditions and Light Intensity

In the five aviaries evaluated during each season (Figure 1), temperature and relative
humidity sensors (HOBO U14-001, Onset Computer Corp., Bourne, MA, USA) were installed
in lines L2 and L3 of level N2 of section S3 (Figure 2) for six winter days and six summer
days. Air temperature and relative humidity were measured from 6:00 a.m. to 6:00 p.m.
every five minutes to assess the thermal environmental variability between the aviaries.

One aviary was chosen to assess the spatial distribution of the thermal condition
during the evaluation of external egg quality variability, as it was determined from the
prior evaluation that there were no significant temperature differences between the five
aviaries and minimal differences in relative humidity. For this single aviary, temperature
and relative humidity sensors (DHT-11, Digi-Key Electronics, Thief River Falls, MN, USA)
were installed at 45 points distributed uniformly along the longitudinal (y) and transverse
(x) directions (Figure 2). These data were collected every five minutes for four consecutive
days in both winter and summer.

The sensors were distributed in these three aviary sections because these sections dis-
played the greatest variability in summer air temperature in earlier work by Freitas et al. [23]. At
the 45 points where the temperature and relative humidity sensors were installed (Figure 2),
light intensity values were also measured daily using a lux meter (MLM-1011, MINIPA, Sao
Paulo, Brazil) at 9:00 a.m., 12:00 p.m., and 3:00 p.m. for three days.



Animals 2023, 13, 750

40f17

S4

S1

“TLr 12 13 L4 Ls[
N3
N2 ° . N
ap | pefpelp ‘,‘i N1 \:
T AR
Z

« HOBO U14-001 Temperature and Relative
dp|p|p|P Humidity Sensor

® Egg collection points and position of DHT11
temperature and relative humidity sensors

- X Section: S1, 82, S3, 84, S5

Line:L1, 12,13, L4,L5

Level: N1, N2, N3

Figure 2. Spatial location of egg collection points and temperature (°C) and relative air humidity (%)
sensors. Dimensions in meters.

2.3. External Egg Quality

The spatial variability of the external egg quality inside the aviaries was evaluated in both
winter and summer, simultaneously in five aviaries with hens at 43, 56, 69, 79, and 86 weeks
of age. Eggs were collected from 45 points, distributed vertically and longitudinally in the
aviaries, for four days each of winter and summer. Each collection point represents a set of
coordinates (x, y, z), with the direction of the x-axis being the lines (L1, L2, L3, L4, L5), the
y-axis direction being the sections (51, S2, S3), and the z-axis direction being the levels (N1, N2,
N3), as shown in Figure 2. Levels N1, N2, and N3 corresponded to the first, third, and sixth
battery cages, respectively.

Installation of barriers between the cages and the egg conveyor belt was done the day
before egg collection. These barriers prevented the passage of eggs to the conveyor belt,
thus ensuring that the collected eggs were from the cages under study.

Egg collection was performed between 7 and 8 a.m., and afterword, the barriers were
removed. This process was repeated for four days of collection, and the eggs were analyzed
after collection. A 24-h delay interval between temperature and relative humidity collection
and egg collection was enforced to better relate how thermal history impacted an egg’s
external quality metrics. In total, 45 eggs/day were analyzed in each aviary, for a total of
900 eggs per season.

The external quality parameters evaluated were egg weight (g), egg shape index (%),
shell weight (g), shell percentage (%), shell thickness (mm), and specific gravity (g-mL~1).
Egg weight was obtained by weighing the eggs on a digital scale with a precision of 0.01 g.
The egg shape index was determined by the ratio between the smallest diameter of the egg
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(W, the equatorial width) and the largest diameter of the egg (L, the length), each measured
with a caliper.

Specific gravity was determined by immersing eggs in saline solutions (NaCl) with
densities between 1050 and 1100, with minimum intervals of 0.005 as measured by a
densimeter per Hamilton [5]. The eggs, when floating, were classified according to their
specific gravity.

The shells were washed under running tap water to remove albumen residuals, dried
at room temperature for 24 h, and individually weighed on a 0.01-g precision digital scale.
Shell percentage was calculated by dividing shell weight by egg weight. The shell thickness
was taken to be the average of values measured at three points along the shell’s equatorial
region using an external micrometer after drying for 24 h.

All procedures adopted in this study followed the ethical principles of animal experimen-
tation approved by the Commission on Ethics in the Use of Animals (CEUA) of the Federal
University of Vigosa (UFV), Minas Gerais, Brazil, with registration protocol number 46/2016.

2.4. Statistical Analysis

Assessment of spatial variability of external egg quality was done using a completely
randomized design (CRD). Effects of spatial variability were evaluated using a simple anal-
ysis of variance, and means separation was performed using a Tukey test at 5% probability.
The R Software, version 3.4.1, was used for statistical analysis, and the Surfer Software,
version 15.0, for creating the graphs.

To assess the similarity of the thermal conditions of the aviaries in winter and summer, an
analysis of variance was conducted with the daily values of temperature and relative humidity,
measured in the five aviaries (treatments) for six days (replicates). From this analysis, which
showed no significant temperature effects and limited differences in relative humidity, one
representative aviary was chosen to determine the spatial distribution of the thermal conditions
in its interior during the period when external egg quality measurements were taken. An
analysis of the daily air temperature and relative humidity measured during four sampling
days (replications) in winter and summer was performed as a 3 x 3 x 5 factorial scheme. The
factors corresponded to the level (N1, N2, N3), section (51, 52, S3), and line (L1, L2, L3, L4, L5).

In this same aviary, the spatial distribution of light intensity was also assessed, in a
similar 3 x 3 x 5 factorial scheme, with mean values of light intensity measured at 9:00 a.m.,
12:00 p.m., and 3:00 p.m. on the three days of collection (replications).

An independent 2 x 5 factorial analysis, with four replications, was performed to assess
the effects of season (winter vs. summer) and hen age (43, 56, 69, 79, and 86 weeks) on the
external quality of eggs. From the result of this analysis, the spatial variability of the external
quality of eggs inside the aviaries in winter and summer at different hen ages was determined.

The spatial variability of the external quality of eggs inside the aviaries, in both winter
and summer, was determined using a 3 x 3 x 5 factorial scheme with four replications
(collection days) of the parameters egg weight (g), index of egg shape (%), specific gravity
(mg-L~1), shell weight (g), shell percentage (%), and shell thickness (mm). The factors
corresponded to the level (N1, N2, N3), section (51, S2, S3), and line (L1, L2, L3, L4, L5) as
shown in Figure 2. Each collection point corresponded to a cage (an experimental unit),
from which eggs were taken for external quality analysis.

3. Results and Discussion

In winter, the aviaries” average interior daily temperature and relative humidity were
not significantly different, nor were the summertime average daily temperatures (p > 0.05).
However, the mean daily summer relative air humidity was different (p < 0.05), as Table 1
points out, although with a range of only 4% in mean daily values between Aviary 43W
and Aviaries 69W and 86W.
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Table 1. Average daily air temperature (°C) and relative humidity (%) inside the laying hens’ aviaries
in winter and summer.

Temperature (°C) Relative Humidity (%)

Aviaries
Winter Summer Winter Summer
Aviary 43W 21.8+1.0 26.2 +0.5 58 +£3.0 64+17b
Aviary 56 W 219 +0.9 271 +£0.6 57 £27 67 +15a
Aviary 69W 21.2 4+ 1.0 26.9 + 0.5 61 + 2.6 68+ 16a
Aviary 79W 222 +0.8 269 + 0.5 56 4+ 2.6 66 + 1.6 ab
Aviary 86W 214 +0.9 26.8 £ 0.5 59 +£29 68+14a

Means and standard deviations followed by a different lowercase letter in a column differ statistically from each
other by Tukey’s test at 5% probability.

The significant but small magnitude variation in relative humidity among aviaries
during the summer may be due to the predominance of rain and northwesterly winds, which
directed humid air into the interior of the aviary, mainly the leeward region (Figure 1b). The
winds were generally from a northerly direction in winter, falling directly on the aviaries with
exposed sides (Figure 1a). These aviaries prevented the wind from flowing to the adjacent
aviaries, generating homogeneity in the interior relative humidity.

Due to the interference of prevailing winds, the geographical position of the aviaries,
and the statistical difference highlighted in Table 1, the 43W aviary was chosen to assess
the spatial variability of the thermal conditions during sampling for external egg quality
(Figure 2). As a result, the average values of temperature and relative humidity in winter
and summer varied according to levels (N) and lines (L), and the N x L interaction was
significant (p < 0.001), as shown in Table 2.

Table 2. Comparison between the mean daily temperature (°C) and relative humidity (%) obtained in
the 43W aviary, in winter and summer, for the interaction between the level (N) and line (L) factors.

Temperature (°C)

L1 L2 L3 L4 L5
Wi N1 196 +28aA  21.7+15aA  213+12aA  191+09bA  192+19aA
nter N2 209+20aA  223+14aA 25+11aA 223+16aA 201+17aA
N3 209+179aB 212+13aAB 222+ 13aAB 238+19aA 199+ 09aB
L1 L2 L3 L4 L5
S N1 241+ 16bBC  2564+17bA 252+12bAB 246+16bAB 235+15aC
ummer N2 259+09aAB 263+14bA 258+08bAB 2514+ 17bBC 241+1.1aC
N3 2464+07bC 2824+ 11aAB 273+21aB  287+07aA  23.0+08aD
Relative humidity (%)
L1 L2 L3 L4 L5
Wi N1 48 +51aB 44 +4.7aBC 39+51aC 42 +5.1aBC 56 +6.1aA
Inter N2 43+39aB 33+45bC 35+46aC 37 +4.1aBC 52+71aA
N3 46 +49aAB 37 +43abBC 34+51aC 38 +4.1aBC 50+ 6.7a A
L1 L2 L3 L4 L5
5 N1 65+ 6.7 a AB 57 + 6.1 aCB 54+49aC 59 + 3.8 a BC 67 +33aA
ummer N2 62 +64ab A 53 +57aB 50+4.0aB 60+72aA 61+81aA
N3 59 + 6.8b AB 51 +65aC 50+19aC 55 + 2.6a BC 64 +46aA

Means and standard deviations followed by the same uppercase letters in the row and lowercase letters in the
column do not differ statistically from each other by Tukey’s test at 5% probability.

The interaction between levels and lines was visualized through the spatial distribution
of temperature and relative humidity values obtained inside the 43W house in cross-section
(lines x levels), as shown in Figure 3.
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Figure 3. Spatial distribution of air temperature and relative humidity inside the aviary with 43-week-old
laying hens (43W), in winter (a) and summer (b).

During winter, inside the house, the level N1 air temperature varied between 19 and
21 °C, with the highest values in lines L2 and L3. At level N2, there was an increase in
temperature in the center lines of the house (L2, L3, and L4), with values around 22 °C. At
level N3, the heat concentrated around the L4 line, with a mean of 23 °C.

Interior relative humidity in winter was low and varied between 34% and 56%. The
dry air concentrated in the center of the aviary with values around 35%, where the air
temperature was greatest. The sides of the aviary, being open and exposed to the external
environment, presented higher relative humidity values, between 44% and 56%.

During summer, the lowest air temperature values were measured in lines L1 and L5
at all levels. The hot air was concentrated in the center lines of the aviary, suggesting a
need for greater ventilation, with the highest temperature values, between 27% and 28 °C,
observed at level N3. The relative humidity of the air was around 50% to 65%; as in winter,
the dry air was concentrated in the center of the aviary, ranging between 50% and 57%.

In mechanically ventilated caged aviaries, Zheng et al. [24] found interior barn
temperatures ranging from 26.5 & 1.1 to 28.1 & 1.1 °C during winter periods with
outside temperatures of 13.0 & 4.8 °C; and 29.1 £+ 1.1 to 29.6 £+ 1.2 during summer
periods with outside temperatures of 26.0 £ 3.1°C. The naturally ventilated aviaries
in this study were generally more uniform in temperature than the US facility studied
by Zheng et al. [24] and also in the three different systems (conventional cage, natural
mating colony, cage-free aviary) studied by Li et al. [25]. However, the more uniform
and benign tropical climate in the present study also affected these differences in interior
environment variability [26].

Under heat stress conditions, there is a reduction in the concentrations of vitamins,
minerals, and insulin available for metabolism and an increase in mineral excretion [13], which
causes laying hens to produce poor-quality eggs [1].

The variability of light intensity in the 43W house was substantial in both winter and
summer. There was a significant effect of the lines, levels, and the interaction between them
(p < 0.001), as shown in Table 3.
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Table 3. Mean and standard deviation of light intensity (lux) obtained in the 43W aviary in winter
and summer for the N x L interaction.

N x L L1 L2 L3 L4 L5
N1 52,630 4647 a A 20+1aB 11+2aB 32+3aB 3402 =384 a B
Winter N2 49,607 £ 5389 a A 43+7aB 18+4aB 29+4aB 4341 +418aB
N3 9904 £878b A 448 +£24aB 784 +=55aB 1300 =59 a B 5002 + 462 a B
L1 L2 L3 L4 L5
N1 10,626 + 2291 a A 54+4aB 64 +48aB 39+25aB 9893 + 2535a A
Summer N2 10,656 + 2175 a A 82+46aB 74+78aB 56 +37aB 10,385 + 2326 a A
N3 7056 £998b A 170£73aB 229 +77aB 880 +151a B 7774 £ 1545a A

Means and standard deviations followed by the same letter, uppercase in the row and lowercase in the column,
do not differ statistically from each other by the Tukey test at 5% probability.

The lower light intensity in the center (L2, L3, and L4) was generated predominantly
by artificial lighting, whereas the higher intensity on the sides (L1, L5) of the house, both
in winter and summer, was from direct exposure to the sky. In winter, only the L3-level
N1 line presented an average light intensity value close to 10 lux, as recommended by
Cotta [20] and Jacome et al. [21].

The high values of light intensity in winter on the L1 line can be explained by the direct
incidence of the sun’s rays due to the latitude of the farm (22°17/45” S and 44°56'05” W). In
summer, there is no direct incidence of radiation, and the light intensity values in the L1 line
were below those measured in winter.

Egg weight was significantly affected by the factors “season of the year” and “age of hens’
(p < 0.001) and their interaction (p < 0.01). On the other hand, egg shape index and specific
gravity were only affected by the season of the year factor (p < 0.05). Regarding the quality of
the shell, there was a significant effect of the seasonal factor on shell weight (p < 0.001) and
shell thickness (p < 0.05), and, for the age factor, on the shell percentage (p < 0.01). Table 4
lists the significant effects of the factors and the interactions between them on the egg quality
parameters. The external egg quality parameters that were not affected by age hens and season
of the year (p > 0.05) are presented in Table 4 and their means and standard deviation were
followed by “ns”.

7

Table 4. Mean external egg quality measurements depend on the season of the year, the age of the

hens, and their interactions.

Egg Weight (g)
Season x Age (weeks)
43 56 69 79 86
Winter 624+05aB 629 +03aB 65.6 - 0.8a A 662+ 0.8aA 669 £0.6aA
Summer 598 £ 09bB 609 =04 a AB 60.7 £09b AB 61.6 £0.7b AB 625+ 0.7b A
Specific Gravity (g-mL~1)
S Winter Summer
cason 1.086 + 0.008 b 1.090 + 0.004 a
Age (weeks) 43 56 69 79 86
& 1.089 + 0.001 ns 1.090 + 0.003 ns 1.089 + 0.004 ns 1.084 + 0.008 ns 1.087 £+ 0.010 ns
Egg Shape Index (%)
S Winter Summer
cason 762 +05a 758+ 0.8b
Age (weeks) 43 56 69 79 86

76.0 £ 0.5ns 76.5 £ 0.4 ns 759 £ 0.7 ns 75.7 £ 0.5ns 756 £09ns
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Table 4. Cont.
Shell Weight (g)
S Winter Summer
cason 59+02a 5.6+ 0.1b
Age (weeks) 43 56 69 79 86
8 56 +0.2ns 57+ 0.1ns 58 +£0.3ns 58+ 0.2ns 58 +£0.3ns
Percentage of Shell (%)
S Winter Summer
cason 9.2+ 0.2ns 9.1+ 0.2ns
Age (weeks) 43 56 69 79 86
& 9.2 +0.2ab 93+0.1a 9.2+0.1ab 9.1+0.1ab 89+02b
Shell Thickness (mm)
S Winter Summer
cason 0.421 +0.06 a 0.381 + 0.03b
Age (weeks) 43 56 69 79 86
& 0.391 + 0.04 ns 0.424 + 0.06 ns 0.391 4+ 0.04 ns 0.385 + 0.03 ns 0.413 + 0.07 ns

Means and standard deviations followed by the same letter, uppercase in the row and lowercase in the column,
do not differ statistically from each other by the Tukey test at 5% probability. ns: not significant at 5% probability.

Older birds produced heavier eggs, as expected. With increasing age, hens produce
larger follicles [27] and have a greater capacity to transfer lipids to the yolk [28], stimulating
heavier egg production. This relationship between hens’ age and egg weight is well
documented (e.g., Dirkmen et al. [29], Samiullah et al. [7], and Onbasilar et al. [6]).

The influence of thermal conditions inside the aviaries was more accentuated for
laying hens aged 69, 79, and 86 weeks. At these ages, there was a significant decrease
in egg weight in the summer compared to the winter. Birds in environments with high
temperatures reduce food intake, leading to metabolic changes [14] and, consequently,
reduced egg quality.

Seasonal and location effects in the aviary had little influence on specific gravity. The
average value of specific gravity was 1.086 g-mL~! and 1.090 g-mL~! in winter and summer,
respectively. These values are higher than those reported by Torki et al. [13] for laying hens
subjected to cold (17 °C) and heat stress (32 °C).

The shape index is directly affected by egg weight and indirectly by winter and
summer thermal conditions. At cooler temperatures, hens tend to ingest and metabolize
food better, producing heavier eggs. These eggs concentrate albumen (the dense part of the
egg) in the central equatorial region, which gives a greater shape index [2].

Shell thickness values varied between seasons, with thinner shells in the summer than
the winter. Pulmonary hyperventilation occurs due to hen’s increased respiratory rate
when exposed to high-temperature environments. Pulmonary hyperventilation causes a
reduction in the blood HCO3; and CO; levels, which increases the blood pH and causes res-
piratory alkalosis. Consequently, there is a reduction in the synthesis of calcium carbonate,
which is necessary for the formation of the shell [20,30], which makes them thinner and
lighter in weight.

Eggs from hens aged 56 weeks had a higher shell percentage than eggs from hens
aged 86 weeks. Castro et al. [31] subjected laying hens to thermal comfort (21 °C) and heat
stress (32 °C) conditions during the period of 19 to 45 weeks of age and observed that heat
stress conditions did not affect the shell percentage; Hu et al. [1] found no difference in egg
weight, shell weight or thickness, or shell percentage for 16-32-week-old hens subjected
to a short-term heat stress event. In this study, hens exposed to heat stress for 45 weeks
produced eggs with a shell percentage of 9.13%, corroborating the present work because no
statistical differences in shell percentage values were found between winter and summer.

With advancing age, there is less intestinal calcium absorption and a higher removal of
calcium from the bones. As a consequence, the calcium content available for the formation
of the shell decreases, reducing its weight [20]. Therefore, older birds tend to produce
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heavier eggs with lighter shells, resulting in a low shell percentage, as verified in the present
work and by Dirkmen et al. [29] and Samiullah et al. [7].

The variability of thermal conditions in the aviaries in winter and summer affected
external egg quality. The spatial distribution of egg quality was studied in aviaries housing
laying hens aged 43 and 86 weeks (Aviary 43W and Aviary 86W). These two aviaries
were chosen to analyze the spatial distribution due to the significant bird age effect on the
parameters of egg weight and shell percentage, as observed in Table 4.

In the 43W aviary (43 weeks old hens), there was a significant difference between the
weight of eggs obtained from the lines (p < 0.1) and levels (p < 0.1) in winter and between
levels (p < 0.001) in summer. In the 86W house, the line factors (p < 0.01) and level (p < 0.1) and
the line x level interaction (p < 0.01) were significant in winter, as well as the line (p < 0.01)
and level (p < 0.05) and the line X level interaction (p < 0.05) in summer. Table 5 displays the
effect of the level (N) and line (L) factors on the mean egg weight (g) value obtained in 43W
aviaries in winter and summer and the effect of the interaction N x L average egg weight (g)
obtained in 86W aviaries in winter and summer. There was no significant effect (p > 0.05) of the
line factor (L) on the average value of egg weight (g) obtained in 43W aviaries in the summer,
therefore, in Table 5 the means and standard deviation were followed by “ns”.

Table 5. Comparison between the mean egg weight (g) obtained in the 43W and 86W aviaries during
the winter and summer seasons for the factors level (N) and line (L), as well as the N x L interaction.

Egg Weight (g)
Aviary 43W
Level (N) N1 N2 N3
Wi 634 +48a 61.8+43b 61.9 + 4.4 ab
mnter Line (L) L1 L2 L3 L4 L5
62.6 + 4.0 ab 632+42a 60.6 + 4.9b 61.8 +4.0ab 63.6 +5.0a
Level (N) N1 N2 N3
S 61.8 +43a 605+ 4.6a 57.0 +45b
ummer Line (L) L1 L2 L3 L4 L5
60.2 & 5.6 ns 61.1 =4.3ns 59.3 +4.3ns 58.3 4.7 ns 60.1 =5.0ns
Aviary 86W
N x L L1 L2 L3 L4 L5
N1 659+50aA 700+39bA  680+39aA 669+66aA 697 +43aA
Winter N2 671+53aA 662+69abA  661+46aA 648+26aA  688+76aA
N3 718+ 74a A 61.8+74aB 633+38aB 6424+47aAB  69.0+7.0aAB
N1 658+38aA  621+42aA  629+30aA 608+34abA  634+59aA
Summer N2 659+55aA  623+39aA 6l7+47aA  637+37aA  628+33aA
N3 623+59aAB  643+40aA  597+32aA  564+43bB  633+55aA

Means and standard deviations followed by the same uppercase letter in the row and lowercase in the column do
not differ statistically from each other by Tukey’s test at 5% probability. ns: not significant at 5% probability.

Level N1 eggs in aviary 43W were approximately 2 g heavier in both winter and

summer. This was also noted in the 86W aviary, with a difference in weight of approximately
6 g. The variability of egg weight values was more accentuated in 86W due to thermal
conditions and bird age. In the winter, the highest-weight eggs were obtained in lines L1
and L5, and in the summer, in line L1. The difference between the egg weight values, in the
lines and levels, can be spatially visualized as shown in Figure 4. This clearly shows where
attention by engineering and management to improve interior thermal conditions would
be most effective.
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Figure 4. Spatial distribution of egg weight in two aviaries with 43 and 86 week-old hens, for winter
(a) and summer (b).

The spatial distribution of temperature, relative humidity, and egg weight in
Figures 3 and 4 highlights that greater egg weight values were in those regions of aviaries
with temperatures within the thermal comfort zone as defined by Ferreira [8], amongst
others. In winter, the air temperature inside the aviaries was between 19 and 23.5 °C, that
is, within the comfort zone.

The lowest egg weight values ranged between 59 and 61 g in the 43W aviary and 62
and 66 in the 86W aviary. Akbari et al. [32] subjected laying hens aged 42 weeks to the cold
stress condition (6.8 + 3.0 °C) and found eggs weighing close to those found in the present
study in the 43W aviary, where the housed birds were 43 weeks-of-age, and the thermal
condition was characterized as thermoneutral. Star et al. [33] submitted 67 to 78-week old
laying hens to a temperature of 20 °C and obtained eggs with an average weight of 63.1 g.
This value is close to that obtained in the upper central region of the 86W aviary in winter
(Figure 4a), where the air temperature was between 21 and 23 °C (Figure 3a).

In summer, the lowest egg weight values ranged between 56 and 60 g (Figure 4b)
and were concentrated in the N3 level of the aviaries. At this level, temperature values
between 27 and 28 °C were measured, which exceed thermal comfort (Figure 3b).
Karami et al. [8] raised hens from 42 to 45 weeks in a 32 °C environment and obtained
eggs with an average weight of 58 g, a value close to that found in the 43W aviary of the
present study; Hu et al. [1] reported egg weights of 53-55 g for 16-32-week-old hens
raised under mild heat stress and subjected to one acute heat stress event.

The area for lighter-weight eggs in the 86W aviary in summer was smaller than the
area observed in the 43W aviary (Figure 4b). The hens’ heat acclimatization can explain this
observation. Mashaly et al. [34] submitted 31-week-old birds to an environment with an air
temperature of 35 °C for five weeks and found a decrease in egg weight only in the first
week and weight maintenance thereafter. Therefore, when suffering heat stress for a longer
period, older hens undergo an acclimatization process, which reduces the effect of high
temperatures on egg quality compared to young birds [35]. However, even under long-term
or chronic heat stress, small improvements in the thermal environment have been reported
to improve egg production and quality. For example, Hu et al. [36,37] reported greater egg
production, fewer cracked eggs, heavier eggs with greater breaking force, and especially shell
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Level

thickness and eggshell percentage, for hens subjected to two years of heat stress but with
cooled perches [38], compared to non-cooled or no perches.

In winter, the specific gravity inside the houses had a slight but significant variation
between levels (p < 0.1). Level N1 had the highest values of specific gravity, averaging
1091 g-mL 1, and level N3 had the lowest values, averaging 1085 g-mL~!. In summer, the
spatial distribution was homogeneous, and there were no significant variations between
levels, lines, and sections. The mean specific gravity was 1092 g-mL~! at level N1 and
1089 g-mL ! at level N3.

Castro et al. [31] verified eggs with a specific gravity of 1087 g-mL~! and 1090 g-mL !
in 45-week-old hens subjected to thermal comfort (21 °C) or thermal stress (32 °C), respec-
tively,. Khatibi et al. [39] studied the quality of eggs from 52, 56, and 60-week-old laying
hens housed in aviaries with an average internal temperature of 27.41 + 2.54 °C and an
average relative humidity of 35 £ 5%, during a subtropical summer and verified that for
50-week-old hens, specific gravity ranged between 1079 and 1090 g-mL~!. For hens at
56 weeks of age, the specific gravity found was between 1084 and 1092 g-mL~!, and for
hens at 60 weeks of age, between 1081 and 1096 g-mL ™. Thus, the specific gravity values
obtained in winter and summer agree with the results obtained by the authors above.

The influence of winter and summer thermal conditions on the geometric characteris-
tics of eggs was analyzed through the spatial distribution of the egg shape index values.
There was a significant difference between the egg shape index values obtained between
the levels in winter (p < 0.05) and summer (p < 0.01).

In winter, eggs from the N2 level had higher shape index values (an average of
76.4 = 1.0%), with eggs from the N1 and N3 levels having the lowest values (76.0 = 1.2%
and 75.9 & 1.2%, respectively). In summer, N1-level eggs had the highest shape index
values (76.2 &+ 1.3%), and N3-level eggs had the lowest (75.4 &= 4.3%). Therefore, the
spatial distribution of the egg shape index can be useful for depicting the difference
between the average egg shape index values inside the aviaries, as shown in Figure 5.

Lt
76.8
76.6

76.4

76.2

76

758

75.6

75.4

752

Figure 5. Spatial distribution, in cross-section, of the average egg shape index values obtained in the
aviaries in winter (a) and summer (b).

The observed highest shape index values from the N2 level in the winter, around 76%,
occurred with a mean air temperature of about 23 °C (Figures 3a and 5a). By contrast,
during summer, the lowest shape index values, 75%, were verified in the aviary region
with air temperature values between 27 and 28 °C, outside the thermal comfort range for
hens (Figures 3b and 5b).

The egg shape index value found in winter was about 1% higher than that found
by Orguz et al. [40] at an environmental temperature of 18 °C, but about 1% lower than
that described by Akbari et al. [32] for a cold stress condition (6.8 °C). On the other
hand, the summer and winter shape indexes were 2% higher than those obtained by
Torki et al. [13], who subjected laying hens to thermoneutral environments (17 °C), and
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4% higher than those obtained in heat stress (32 °C), which shows the influence of thermal
conditions on the shape index.

The shape index is an external indicator of egg quality and is used to classify eggs
based on their size. Eggs can be classified according to their shape into long, normal, and
round. Long eggs have a shape index less than 72, normal eggs between 72 and 76, and
round eggs greater than 76 [41]. The present study found uniformly normal oval eggs with
a mean shape index between 75% and 76%.

The influence of winter and summer thermal conditions on shell quality was also
analyzed through the spatial distribution of shell weight and thickness inside the aviary.
For shell weight, the effect of levels (p < 0.001) and lines (p < 0.001) was significant in both
winter and summer. However, only the line effect (p < 0.1) was significant in the summer
for shell thickness. Table 6 summarizes mean eggshell weight and thickness by level (N)
and line (L) factors for winter and summer. There was no significant effect (p > 0.05) of the
level (N) and line (L) factors in winter and the level (N) factor in summer on the average
value of eggshell thickness (mm), therefore, in Table 6 the means and standard deviation
were followed by “ns”.

Table 6. Comparison between mean shell weight (g) and shell thickness (mm) obtained in the aviaries
in winter and summer for the factors level (N) and line (L).

Shell Weight (g)
Level (N) N1 N2 N3
Wi 6.1+04a 59 + 0.3 ab 58+02b
inter Line (L) L1 L2 L3 L4 L5
6.0+03a 6.0 & 0.3 ab 56+02c 5.8 4+ 0.2 be 62+03a
Level (N) N1 N2 N3
S 57+03a 5.6 + 0.5 ab 54+03b
ummer Line (L) L1 L2 L3 L4 L5
57+03a 5.6+ 0.2 ab 544 02b 55+ 0.3 ab 5.6 + 0.3 ab
Shell Thickness (mm)
Level (N) N1 N2 N3
Wi 0426 +£0.05ns 0419 +0.05ns 0417 + 0.05ns
mnter Line (L) L1 L2 L3 L4 L5
0428 +0.06ns 0422 +0.06ns 0.413+0.05ns 0417 +0.05ns 0424 +0.04 ns
Level (N) N1 N2 N3
S 0.387 +0.03ns 0378 +£0.03ns  0.378 + 0.03 ns
ummer Line (L) L1 L2 L3 L4 L5
0393+ 0.03a 0384+003ab 0369+002b 0378+0.03ab 0.381 =+ 0.03ab

Means and standard deviations by level (N) and cage line (L). Means with the same lowercase letter on a row do
not differ statistically from each other by Tukey’s test at 5% probability. ns: not significant at 5% probability.

The overall mean eggshell weight was 5.93 g and 5.57 g in summer and winter,
respectively (not shown in Table 6). Level N1 and lines L1 and L5 displayed the highest
values. In the summer, shell thickness values varied among lines, with the L1 line displaying
the highest values. In winter, the mean value of shell thickness was 0.421 mm, and in
summer, 0.381 mm. Measured variability between the mean values of shell weight and
thickness inside the aviaries can be observed by a representative plot of spatial distribution
in cross-section, as highlighted in Figure 6.
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Figure 6. Spatial distribution, in cross-section, of the mean values of shell weight (g) and thickness
(mm) in five aviaries obtained in winter (a) and summer (b).

Across both seasons, eggshell weight varied significantly with cage level, with weights
being greatest in N1 and lowest in N2 (p < 0.05). During the winter period, the highest shell
weight values were obtained where the lowest air temperature values were measured (L1
and L5), as shown in Figure 6a.

In summer, the lowest values of shell weight and thickness were obtained in the region
of the aviaries where the highest air temperature values were measured, that is, at level N3
and lines L3-14 (Figure 6b). In these regions, the air temperature was typically between
27 and 28 °C, and the shell weight and thickness values were 5.3 g and 0.368 mm, respec-
tively. In contrast, the spatial variation of shell thickness was not significant in winter (Table 6,
p > 0.05). In general, greater shell thickness was observed in the region with the highest shell
weight. Winter-time values of shell weight and thickness were higher than those described
by Netto et al. [42], Sahin et al. [12], Torki et al. [13], and Yan et al. [43] and close to those
obtained by Samiullah et al. [7] in thermoneutral environmental conditions. The measured
shell thickness values corroborate those obtained by Karami et al. [11], Sahin et al. [12], and
Torki et al. [13], measured in environments with elevated temperatures (32 °C and 34 °C). Ac-
cording to Kim et al. [44], exposure of hens to high ambient temperature results in a significant
decrease in shell weight and shell thickness as these parameters are directly associated with
reduced feed intake and mineral metabolism; this was also confirmed in a long-term heat stress
trial by Hu et al. [1].

Regarding the effect of light intensity on the external egg quality, eggs from lines L1
and L5 (exposed to high levels of natural light, Table 3) had greater weight and greater
shell thickness (Figures 4 and 6); this observation contradicts that of Renema et al. [16]. In
this study, within the interior lines of the aviaries (L2, L3, and L4), there was a reduction in
egg weight and shell thickness with increasing light intensity from level N1 to level N3;
Yildiz et al. [14], who investigated the effects of cage location and different types of lighting
on egg quality parameters in a semi-confined facility with a multilevel cage system, also
reported this effect.

The egg weight values in the aviary region with a light intensity of 11 lux
(Table 3) were 62 g (Figure 4), a value higher than those obtained by Yuri et al. [19] and
Yildirim et al. [18] when subjecting hens to an intensity of 15 lux. On the other hand,
Min et al. [15] submitted laying hens to a 20-lux environment and obtained eggs with
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an average weight of 60.9 g, a value below that obtained in the region of the aviaries in
this study with a light intensity of 20 lux, which was 64 g. These differences could be
attributed to several factors, including age of laying in the other studies, breed of hen,
and other uncontrolled factors.

4. Conclusions

The study of the spatial variability of the external quality of eggs proved to be efficient
in detecting regions inside the aviary where there is a predominance of problematic eggs,
including low weight, non-oval shapes, and low shell quality. These results accounted for
the influence of hen age and the thermal conditions of the aviary interiors across periods
of the year with mild (winter) and high (summer) temperatures; as such, a focus on those
parts of the aviaries with these problematic eggs would be most beneficial for improving
the overall quality of eggs from the farm.

The spatial variability of external egg quality was more pronounced in summer than
in winter, regardless of hen age. Egg weight and shell quality values were lower in the
upper level of cage batteries located in the center of the aviary, where cage temperatures
tended to be highest.

The light intensity distribution within the aviary presented significant variability, and
its effect on external egg quality was not as evident as the effect of thermal conditions.
Detailed studies in this regard must be performed to obtain thelight intensity threshold that
can harm egg quality in open aviaries of the sort studied, which are common in tropical
and subtropical regions.

The eggs’ external quality and knowledge of their spatial distribution can be used as
an economic loss indicator and an aid in nutritional and aviary thermal management. It
may also be advisable to develop independent management of egg collection in these areas
of the aviary if design and management improvements are found to be unhelpful.

Author Contributions: Conceptualization, L.C.d.S.R.E, Ld.EET,, R.S.G. and M.B.; methodology,
L.C.d.SRE,ILdEET. and R.S.G,; formal analysis, L.C.d.S.R.F. and R.S.G.; investigation, L.C.d.S.R.F,
I.d.EET, T.C.d.S., M.B. and R.R.A; data curation, L.C.d.S.R.F, Ld.EET, RS.G,, T.C.d.S., RR.A. and
G.B.; writing—original draft preparation, L.C.d.S.R.E; writing—review and editing, L.C.d.SR.E,
ILdEET., RR.A,, M.B. and G.B.; supervision, .d.EET.; project administration, I.d.EET.; funding
acquisition, I.d.EET. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by National Council for Scientific and Technological Development
(CNPq), Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior (CAPES) and Fundacao de
Amparo a Pesquisa do Estado de Minas Gerais (FAPEMIG)—Brazil.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee in Animal Use of the Federal University of Vigosa
(protocol code 46/2016, with approval date 29 June 2016).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors express their thanks to the Department of Agricultural Engineering
at the Federal University of Vigosa (DEA-UFV), the Center for Research in the Environment and
Engineering of Agro-industrial Systems (AMBIAGRO), and the company where the experiment was
carried out for their partnership and assistance in developing the study. This study was financed by the
Coordenagao de Aperfeicoamento de Pessoal de Nivel Superior-Brasil (CAPES)-Finance Code 001, the
Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico (CNPq) and Fundagao de Amparo a
Pesquisa do Estado de Minas Gerais (FAPEMIG).

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



Animals 2023, 13, 750 16 of 17

References

1. Hu, J.Y;; Hester, PY,; Makagon, M.M.; Vezzoli, G.; Gates, R.S.; Xiong, Y.J.; Cheng, H.W. Cooled perch effects on performance and
well-being traits in caged White Leghorn hens. Poult. Sci. 2016, 95, 2737-2746. [CrossRef]

2. Duman, M.; Sekeroglu, A.; Yildirim, A.H.; Eleroglu, H.; Camci, O. Relation between egg shape index and egg quality characteris-
tics. Europ. Poult. Sci. 2016, 80, 1612-9199. [CrossRef]

3. Ketta, M.; Timov4, E. Relationship between eggshell thickness and other eggshell measurements in eggs from litter and cages.
Ital. ]. Anim. Sci. 2018, 17, 234-239. [CrossRef]

4. Pires, PG.S.; Bavaresco, C.; Prato, B.S.; Wirth, M.L.; Moraes, P.O. The relationship between egg quality and hen housing systems-A
systematic review. Livest. Sci. 2021, 250, 104597. [CrossRef]

5. Hamilton, RM.G. Methods and factors that affect the measurement of egg shell quality. Poult. Sci. 1982, 61, 2022-2039. [CrossRef]

6. Onbasilar, E.E.; Unal, N.; Erdem, E. Some egg quality traits of two laying hybrids kept in different cage systems.
Ankara Univ. Vet. Fak. Derg. 2018, 65, 51-55.

7. Samiullah, S.; Omar, A.S.; Roberts, J.; Chousalkar, K. Effect of production system and flock age on eggshell and egg internal
quality measurements. Poult. Sci. 2017, 96, 246-258. [CrossRef]

8.  Ferreira, R.A. Maior Produgio Com Melhor Ambiente Para Aves, Suinos e Bovinos, 3rd ed.; Aprenda Facil: Vigosa, Brazil, 2015; 528p.

9.  Andrade, RR;; Tinoco, LEFE; Souza, C.F; Oliveira, K.P; Barbari, M.; Cruz, VM.E; Baptista, E].E; Vilela, M.O.; Conti, L.; Rossi, G.
Effect of thermal environment on body temperature of early-stage laying hens. Agron. Res. 2018, 16, 320-327. [CrossRef]

10. Andrade, R.R.; Tindco, .D.F; Baéta, E.C.; Albino, L.F,; Cecon, P.R. Influence of different thermal environments on the performance
of laying hens during the initial stage of rearing. Eng. Agric. 2019, 39, 32-40. [CrossRef]

11.  Karami, M.; Torki, M.; Mohammadi, H. Effects of dietary supplemental chromium methionine, zinc oxide, and ascorbic acid on
performance, egg quality traits, and blood parameters of laying hens subjected to heat stress. J. Appl. Anim. Res. 2018, 46, 1174-1184.
[CrossRef]

12.  Sahin, N.; Hayirli, A.; Orhan, C.; Tuzcu, M.; Komorowski, J.R.; Sahin, K. Effects of the supplemental chromium form on
performance and metabolic profile in laying hens exposed to heat stress. Poult. Sci. 2018, 97, 1298-1305. [CrossRef]

13.  Torki, M.; Karami, M.; Mohammadi, H. Effects of dietary supplemental vitamin E and chromium on egg production, egg quality
and blood parameters of laying hens under thermoneutral or heat stressed conditions. Iran J. Appl. Anim. Sci. 2018, 8, 295-303.

14.  Albino, LET; Carvalho, B.R;; Maia, R.C.; Barros, VR.S.M. Galinhas Poedeiras Criagio e Alimentagio, 1st ed.; Aprenda Facil: Vigosa, Brazil,
2014; 376p.

15. Min, J.K,;; Hossan, M.S.; Nazma, A.; Jae, C.N.; Han, T.B.; Hwan, KK.; Dong, WK_; Hyun, S.C.; Hee, C.C; Ok, S.S. Effect of
monochromatic light on sexual maturity, production performance and egg quality of laying hens. Avian. Biol. Res. 2012, 5, 69-74.
[CrossRef]

16. Renema, R.A.; Robinson, EE.; Feddes, ].J.; Fasenko, G.M.; Zuidhoft, M.]. Effects of Light Intensity from Photostimulation in Four
Strains of Commercial Egg Layers: 2. Egg Production Parameters. Poult. Sci. 2001, 80, 1121-1131. [CrossRef]

17. Yildiz, A.; Lagin, E.; Hayirli, A.; Macit, M. Effects of cage location and tier level with respect to light intensity in semiconfined
housing on egg production and quality during the late laying period. J. Appl. Poul. Res. 2006, 15, 355-361. [CrossRef]

18. Yildirim, A.; Sekeroglu, A.; Kog, H.; Eleroglu, H.; Duman, M.; Tahtali, Y.; Elmastas, M.; Mutlu, M.LS. Egg production and quality
characteristics of laying hens fed diets supplemented with dry caper (Capparis spinosa) leaf powder. Indian J. Anim. Res. 2018, 52,
72-78. [CrossRef]

19.  Yuri, EM.; Souza, C.; Schneider, A.F.; Gewehr, C.E. Intermittent lighting programs for layers with different photophases in the
beginning of the laying phase. Cienc. Rur. 2016, 46, 2012-2017. [CrossRef]

20. Cotta, T. Galinha produgdo de ovos, 2nd ed.; Aprenda Facil: Vigosa, Brazil, 2014; 250p.

21. Jacome, LM.T.D.; Rossi, L.A.; Borille, R. Influence of Artificial Lighting on the Performance and Egg Quality of Commercial
Layers: A Review. Ver. Bras. Cienc. Avic. 2014, 16, 337-344. [CrossRef]

22. Management Guide Lohmann LSL-Lite (s.d). 2015. Available online: http:/ /www.hylinena.com/UserDocs/products/Lohmann_
LSL-Lite.pdf (accessed on 1 January 2023).

23. Freitas, L.C.S.R;; Tin6co, LEFE,; Gates, R.S.; Souza, C.E; Barbari, M.; Teles Junior, C.G.S. Spatial behavior of the thermo-luminous
conditions of facility laying hens in naturally ventilated vertical system. Ciénc. Agrotec. 2018, 42, 550-560. [CrossRef]

24. Zheng, W.; Xiong, Y.; Gates, R.S.; Wang, Y.; Koelkebeck, K.W. Air temperature, carbon dioxide, and ammonia assessment inside a
commercial cage layer barn with manure-drying tunnels. Poult. Sci. 2020, 99, 3885-3896. [CrossRef]

25. Li, Z; Xiong, Y.,; Wang, S.; Wang, C.; Ji, B.; Liu, Y,; Liang, C.; Tong, Q. Assessing particulate matter concentration level and its limit
exceedance based on year-round field measurements of different laying hen building systems. Biosyst. Eng. 2023, 226, 266—279.
[CrossRef]

26. Freitas, L.C.S.R,; Tin6co, L.LEE,; Baéta, E.C.; Barbari, M.; Conti, L.; Teles Junior, C.G.S.; Sousa, F.C. Correlation between egg quality
parameters, housing thermal conditions and age of laying hens. Agron. Res. 2017, 15, 687—-693.

27. Almeida, J.G.; Dahlke, F.; Maiorka, A.; Faria Filho, D.E.; Oelke, C.A. Efeito da idade da matriz no tempo de eclosao, tempo de
permanéncia do neonato no nascedouro e o peso do pintainho. Arch. Vet. Sci. 2006, 11, 45-49. [CrossRef]

28. Burnham, M.R.; Peebles, E.D.; Gardner, C.W.; Brake, J.; Bruzual, J.J.; Gerard, P.D. Effects of Incubator Humidity and Hen Age on

Yolk Composition in Broiler Hatching Eggs from Young Breeders. Poult. Sci. 2021, 80, 1444-1450. [CrossRef]


http://doi.org/10.3382/ps/pew248
http://doi.org/10.1399/eps.2016.117
http://doi.org/10.1080/1828051X.2017.1344935
http://doi.org/10.1016/j.livsci.2021.104597
http://doi.org/10.3382/ps.0612022
http://doi.org/10.3382/ps/pew289
http://doi.org/10.15159/AR.18.068
http://doi.org/10.1590/1809-4430-eng.agric.v39n1p32-40/2019
http://doi.org/10.1080/09712119.2018.1481411
http://doi.org/10.3382/ps/pex435
http://doi.org/10.3184/175815512X13350270679453
http://doi.org/10.1093/ps/80.8.1121
http://doi.org/10.1093/japr/15.3.355
http://doi.org/10.18805/ijar.B-556
http://doi.org/10.1590/0103-8478cr20160246
http://doi.org/10.1590/1516-635X1604337-344
http://www.hylinena.com/UserDocs/products/Lohmann_LSL-Lite.pdf
http://www.hylinena.com/UserDocs/products/Lohmann_LSL-Lite.pdf
http://doi.org/10.1590/1413-70542018425019618
http://doi.org/10.1016/j.psj.2020.05.009
http://doi.org/10.1016/j.biosystemseng.2023.01.014
http://doi.org/10.5380/avs.v11i2.6784
http://doi.org/10.1093/ps/80.10.1444

Animals 2023, 13, 750 17 of 17

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

Dikmen, B.Y,; Ipek, A.; Sahan, U.; Sozctii, A.; Baycan, S.C. Impact of different housing systems and age of layers on egg quality
characteristics. Turk. J. Vet. Anim. Sci. 2017, 41, 77-84. [CrossRef]

Fouad, A.M.; Chen, W.; Ruan, D.; Wang, S.; XIA, W.G.; Zheng, C.T. Impact of Heat Stress on Meat, Egg Quality, Immunity and
Fertility in Poultry and Nutritional Factors That Overcome These Effects: A Review. Int. . Poult. Sci. 2016, 15, 81-95. [CrossRef]
Castro, FL.S.; Kim, H.Y.; Hong, Y.G.; Kim, WK. The effect of total sulfur amino acid levels on growth performance, egg quality,
and bone metabolism in laying hens subjected to high environmental temperature. Poult. Sci. 2019, 98, 4982-4993. [CrossRef]
Akbari, M.; Torki, M.; Kaviani, K. Single and combined effects of peppermint and thyme essential oils on productive performance, egg
quality traits, and blood parameters of laying hens reared under cold stress condition (6.8 &= 3 °C). Int. . Biometeorol. 2016, 60, 447-454.
[CrossRef]

Star, L.; Arsiwalla, T.; Molist, F; Leushuis, R.; Dalim, M.; Paul, A. Gradual Provision of Live Black Soldier Fly (Hermetia illucens)
Larvae to Older Laying Hens: Effect on Production Performance, Egg Quality, Feather Condition and Behavior. Animals 2020, 10, 216.
[CrossRef]

Mashaly, M.M.; Hendricks, G.L.; Kalama, M.A.; Gehad, A.E.; Abbas, A.O.; Patterson, P.H. Effect of Heat Stress on Production
Parameters and Immune Responses of Commercial Laying Hens. Poult. Sci. 2004, 83, 889-894. [CrossRef]

Curtis, S.E. Environmental Management in Animal Agriculture; Iowa State University Press: Ames, IA, USA, 1983; 409p.

Hu, J.Y; Hester, P.Y.; Makagon, M.M.; Xiong, Y.; Gates, R.S.; Cheng, H.W. Effect of cooled perches on performance, plumage
condition, and foot health of caged White Leghorn hens exposed to cyclic heat. Poult. Sci. 2019, 98, 2705-2718. [CrossRef]

Hu, J.; Xiong, Y.; Gates, R.S.; Cheng, H.-W. Perches as Cooling Devices for Reducing Heat Stress in Caged Laying Hens: A Review.
Animals 2021, 11, 3026. [CrossRef]

Xiong, Y.; Gates, R.S.; Hu, ].; Hester, P.Y.; Cheng, H.W. Design and performance of an experimental cooled perch system for heat
stress relief of laying hens. Trans. ASABE 2020, 63, 1109-1121. [CrossRef]

Khatibi, SSM.R.; Heydar, Z.; Golian, A. Effect of diet nutrients density on performance and egg quality of laying hens during the
post-peak production phase of the first laying cycle under subtropical climate. Ital. . Anim. Sci. 2021, 20, 559-570. [CrossRef]
Oguz, FK.; Gumus, H.; Oguz, M.N.; Bugdayci, K.E.; Dagli, H.; Ozturk, Y. Effects of different levels of expanded perlite on the
performance and egg quality traits of laying hens. Rev. Bras. Zootec. 2017, 46, 20-24. [CrossRef]

Shaker, A.S.; Kirkuki, S.M.S.; Aziz, S.R.; Jalal, B.J. Influence of Genotype and Hen Age on the Egg Shape Index. Int. ]. Biochem.
Biophys. Mol. Biol. 2017, 2, 68-70. [CrossRef]

Netto, D.A.; Lima, H.].D.; Alves, ].R.; Morais, B.C.; Rosa, M.S.; Bittencourt, T.M. Production of laying hens in different rearing
systems under hot weather. Acta Sci. Anim. Sci. 2018, 40, €37677. [CrossRef]

Yan, FF.; Murugesan, G.R.; Cheng, H.W. Effects of probiotic supplementation on performance traits, bone mineralization, cecal
microbial composition, cytokines and corticosterone in laying hens. Animal 2019, 13, 33—41. [CrossRef]

Kim, D.H.; Lee, YK; Lee, S.D.; Kim, S.H.; Lee, S.R.; Lee, H.G.; Lee, KW. Changes in Production Parameters, Egg Qualities, Fecal
Volatile Fatty Acids, Nutrient Digestibility, and Plasma Parameters in Laying Hens Exposed to Ambient Temperature. Front. Vet.
Sci. 2020, 7, 412. [CrossRef]

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.


http://doi.org/10.3906/vet-1604-71
http://doi.org/10.3923/ijps.2016.81.95
http://doi.org/10.3382/ps/pez275
http://doi.org/10.1007/s00484-015-1042-6
http://doi.org/10.3390/ani10020216
http://doi.org/10.1093/ps/83.6.889
http://doi.org/10.3382/ps/pez039
http://doi.org/10.3390/ani11113026
http://doi.org/10.13031/trans.13672
http://doi.org/10.1080/1828051X.2021.1900753
http://doi.org/10.1590/s1806-92902017000100004
http://doi.org/10.11648/j.ijbbmb.20170206.12
http://doi.org/10.4025/actascianimsci.v40i0.37677
http://doi.org/10.1017/S175173111800109X
http://doi.org/10.3389/fvets.2020.00412

	Introduction 
	Materials and Methods 
	Characteristics of Facilities 
	Thermal Conditions and Light Intensity 
	External Egg Quality 
	Statistical Analysis 

	Results and Discussion 
	Conclusions 
	References

