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Abstract

This study aimed to evaluate the effects of different stocking densities on the performance, eggshell quality, surface
body temperature and hematological parameters of Japanese laying quails based on physiological indicators of animal
welfare. Two hundred and thirty seven-week-old Japanese quails were used in this experiment. The quails were
completely randomized to four stocking densities: 112.2 (T1), 102 (T2), 93.5 (T3), and 86.31 (T4) cm?/quail and five
replicates each. Hematological parameters were analyzed as a 4x4 factorial design (stocking density X time) over four
periods of blood sampling (25, 50, 75, and 100 days). To obtain the body surface temperature (Ts, °C) three
thermograms (head, core and shin) were captured from each repetition per plot (2 repetitions per experimental plot)
every 25 days (25, 50, 75, and 100 days). Feed intake, feed conversion per egg mass, feed conversion per dozen eggs,
egg mass, egg production rate, and eggshell quality-related variables were not affected by treatments. However, egg
weight (p = 0.023) and core temperature (p = 0.003) were influenced by different cage stocking densities. The
heterophil/lymphocyte ratio increased (p = 0.01) with increasing time and stocking density. The mean corpuscular
volume (p = 0.0001) as well as the total leukocyte count (p = 0.001) increased until the third blood sampling period
(75 days) and then decreased in the last period. Different stocking densities do not interfere with the performance and
eggshell quality of Japanese quails. However, the hematological parameters and head temperature are affected by
different cage stocking densities and time.

Keywords: Animal welfare; Erythrocytes; Stress; Total leukocytes; Eggshell quality; Immune system.

Resumo

Este estudo teve como objetivo avaliar os efeitos de diferentes densidades de alojamento no desempenho, qualidade
da casca do ovo, temperatura superficial corporal e pardmetros hematolégicos de codornas japonesas poedeiras com
base em indicadores fisioldgicos de bem-estar animal. Duzentos e trinta codornas japonesas a partir da 7* semana de
idade foram utilizadas neste experimento. As aves foram divididas aleatoriamente em quatro grupos experimentais
112,2 (T1), 102 (T2), 93,5 (T3) e 86,31 (T4) cm?/codorna de acordo com o delincamento inteiramente ao acaso, com
cinco repeti¢des. As andlises hematoldgicas foram analisadas em esquema fatorial 4x4 (Densidade x Tempo)
divididos em quatro periodos de coleta do sangue (25, 50, 75 e 100 dias). Para obten¢do da temperatura da superficie
corporal (Ts, °C) Foram capturados trés termogramas (cabega, nticleo e canela) de cada repeticdo por parcela (2
repeticdes por parcela experimental) aos 25, 50, 75, and 100 dias. Consumo de racdo, conversio por massa de ovos,
conversdo por dizia de ovos, massa de ovos, taxa de postura das codornas e as varidveis da qualidade da casca dos
ovos ndo apresentaram efeito entre os diferentes tratamentos, os pesos dos ovos foram influenciados pelas diferentes
densidades de alojamento (p=0,023), assim como temperatura do ntcleo da codorna (p=0.003). A relacdo
heteréfilo/linfécito apresentou efeito significativo (p=0,01), portanto pode ser afetada conforme o tempo e a densidade
de alojamento for aumentado. O volume corpuscular médio (p=0,0001), assim como a contagem total leucocitaria
(p=0,001) aumentaram até o terceiro periodo de coleta (75 dias), porém, no dltimo periodo de alojamento houve
decréscimo. As densidades ndo interferem no desempenho e na qualidade da casca dos ovos de codornas japonesas.
Todavia, os pardmetros hematolégicos e a temperatura da cabeca da codorna sdo alterados pelo tempo em funcao das
densidades de alojamento.

Palavras-chave: Bem-estar animal; Eritrocitos; Estresse; Leucdcitos totais; Qualidade da casca; Sistema imune.

Resumen

Este estudio tuvo como objetivo evaluar los efectos de diferentes densidades de vivienda en el desempefio, calidad de
la céscara de huevo, temperatura corporal superficial y pardmetros hematolégicos de codornices japonesas ponedoras
basados en indicadores fisioldgicos del bienestar animal. En este experimento se utilizaron 230 codornices japonesas
de la séptima semana de edad. Las aves se dividieron aleatoriamente en cuatro grupos experimentales 112.2 (T1), 102
(T2), 93.5 (T3) y 86.31 (T4) cm? / codorniz segtn el disefio completamente aleatorizado, con cinco repeticiones. Los
andlisis hematolégicos se analizaron en un esquema factorial 4x4 (Densidad x Tiempo) dividido en cuatro periodos de
recoleccién de sangre (25, 50, 75 y 100 dias). Para obtener la temperatura de la superficie corporal (Ts, °© C) Se
capturaron tres termogramas (cabeza, nicleo y canela) de cada repeticidon por parcela (2 repeticiones por parcela
experimental) a los 25, 50, 75 y 100 dias. Consumo de alimento, conversion por masa de huevos, conversién por
docena de huevos, masa de huevos, la tasa de puesta de codornices y las variables de calidad de la cascara del huevo
no mostraron ningtin efecto entre los diferentes tratamientos, los pesos de los huevos fueron influenciados por las
diferentes densidades de alojamiento (p=0.023), asi como la temperatura central de la codorniz (p=0,003). La relacién
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heteréfilo / linfocito tuvo un efecto significativo (p=0,01), por lo tanto, puede verse afectado a medida que aumenta el
tiempo y la densidad de alojamiento. El volumen corpuscular medio (p=0,0001), asi como el recuento total de
leucocitos (p=0,001) aumentaron hasta el tercer periodo de recoleccién (75 dias), sin embargo, en el tltimo periodo de
acomodacion hubo una disminucién. Las densidades no interfieren con el rendimiento y la calidad de la cascara de los
huevos de codorniz japonesa. Sin embargo, los pardmetros hematolégicos y la temperatura de la cabeza de la codorniz
se ven alterados por el tiempo en funcién de las densidades de alojamiento.

Palabras clave: Bienestar animal; Eritrocitos; Estrés; Leucocitos totales; Pelar la calidad; Sistema inmunoldgico.

1. Introduction

The short reproductive cycle of Japanese quails is one reason for the growing domestic production. According to
Albino and Barreto (2003), quails start laying eggs around six weeks of age and continue laying until approximately 60 weeks
of age.

Farmers resort to increasing stocking density in order to intensify production and profitability per area and reduce
costs with equipment and cages. This common practice can lead to reduced quail performance caused by competition for space
and food (Leandro et al., 2005).

Stocking density is crucial to successful quail production, i.e., it will allow determining the animal yield per area. In
general, high-density stocking associated with climatic challenges, such as high temperatures, reduces livestock performance
(Guimaraes et al., 2014). Some authors with Albino et al. (2014) state that birds' ability to direct energy towards maintenance,
weight gain, and egg production is directly associated with the environmental conditions to which they are subjected.
Therefore, stressful situations, whether environmental, pathogenic, or spatial, may affect this ability.

Under heat stress condition, neuroendocrine changes occur in an attempt to resume homeothermia. The
hypothalamus-pituitary-adrenal axis initiates the response through the corticotropin-releasing hormone (CRH),
adrenocorticotropic hormone (ACTH) and glucocorticoid hormones. CRH is generated in the hypothalamus and depicts the
mandatory stimulus to sensitize the pituitary gland to secrete ACTH, which in turn stimulates the adrenal gland to release
glucocorticoids (Dhabhar, 2009). The activation of the hypothalamus-pituitary-adrenal axis under conditions of continuous
stress, therefore, increases in circulating levels of glucocorticoids, resulting in greater protein catabolism, hyperglycemia,
depression, immunosuppression and increased susceptibility to infections (Matteri et al., 2000; Dhabhar, 2009; Rauw, 2012).
However, the neuroendocrine changes that occur in birds under heat stress, provide changes in the immune system that are not
yet well understood, because in some situations instead of immunosuppression, immunostimulation can happen (Silva et al.,
2009).

Physiological changes inversely associated with well-being and increased levels of corticosterone, blood glucose, and
heterophil/lymphocyte ratio (Kodaira et al., 2015) may alter feed intake, egg production rate (Vercese et al., 2012), egg weight
(Pereira et al., 2008) and weaken the immune system (On Asila & Aksoy, 2005). On the other hand, other authors have
demonstrated that stocking density does not affect the performance of Japanese quails (Lopes et al., 2006).

Physiological and behavioral indicators of stress are useful as they can be quantified and broadly fit with preconceived
views of well-being (Scanes, 2016). Castilho et al. (2015) analyzed physiological and productive parameters (egg production)
of laying hens under different stocking densities and reported no effect of stocking density on the studied parameters because
birds have adapted themselves to that condition.

Hematology allows monitoring of general health status in livestock and evaluating the animal's ability to transport
oxygen and defend against infectious agents under stress (Voigt, 2003; Schmidt et al., 2007). Blood contains specific defense
cells, antibodies, and other immune system components that act as the body's defense mechanism against infections (Junqueira
& Carneiro, 2004).

Several factors may affect immune response of birds under stress, such as duration of stress exposure (acute vs.
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chronic), changes in leukocyte distribution in the body (Shini et al., 2008) and within different body compartments in which
the immune response occurs, the concentration of glucocorticoids (physiological vs. pharmacological), and the nature of
glucocorticoid exposure (endogenous vs. synthetic) (Dhabhar, 2009).

It is well known that stress evokes significant changes in the heterophil/lymphocyte ratio (H/L) in poultry (Davis et
al., 2008). On the one hand, birds housed with reduced space show increases in circulating hemoglobin concentration
(Bedédnova et al., 2007). On the other hand, Fahey and Cheng (2008) reported no changes in hematological parameters and
subpopulations of T lymphocytes in layers submitted to simultaneous changes in group size and cage stocking density.

This study aimed to evaluate the effects of different stocking densities on the performance, eggshell quality, surface
temperature of the quail regions (head, core and shin) and hematological parameters of Japanese laying quails based on

physiological indicators of animal welfare.

2. Methodology

This study was assessed and approved by the Ethics Committee on Animal Experimentation of the Federal University
of Tocantins, Tocantins, Brazil, under the protocol n. 23101.006699/2018-16. The experiment was carried out at the Poultry
Study Center of the School of Veterinary Medicine and Animal Science of the Federal University of Tocantins (UFT),
Araguaina — TO, Brazil, from March 30 to August 02, 2019.

2.1 Animals and management

Two hundred and thirty seven-week-old Japanese quails with an initial mean body weight of 166 + 8.3 g were
randomly divided into four groups with 10, 11, 12, and 13 birds per experimental unit. Each group was subdivided into five
replicates and submitted to the following stocking densities: 112.2 (T1), 102 (T2), 93.5 (T3), and 86.31 (T4) cm?/quail.

The quails were housed in cages with dimensions of 100 cm x 34 cm x 16 cm divided into three compartments of 33 x
34 cm with an area per compartment of 1.122 cm?2. Each cage was equipped with a feeder and trough-type drinker located at
the cage's back and front, respectively.

During the experimental period (March/2019 to August/2019), the quails were exposed to ambient temperature

conditions (subtropical) of Northern Tocantins (Table 1).

Table 1. Values of humidity, temperature and thermal amplitudes (AT) over the experimental period.

Trial period Temperature (°C) Humidity (%)

(days) Minimum Maximum Mean AT Minimum Maximum Mean
Start 22,56 31,59 27,07 9.0 68 97 80
25th 21,67 33,23 27,45 11.5 69 87 81,5
50th 19,28 33,66 26,47 14.4 55 85 70
75th 18,88 33,66 26,27 14.8 43 79 61
100th 18,04 34,93 26,48 16.9 40 77 58,5
Mean 19.5 33.9 26.7 --- 52 82 68

Source: Authors.

Quails were exposed to seventeen hours of light per day. Supplemental lighting was used as needed, after nightfall
60W incandescent lamps were used, for maximum egg production. the lights in the shed were on until 10 pm (posture light
program). Locally purchased diet for Japanese laying quails was provided (Table 2), according to the recommendations of the

Brazilian Poultry and Swine Table (Rostagno et al, 2017).
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Table 2. Composition of the experimental diet for quails in the production phase.

Nutritional Levels (%)

Metabolizable energy (Kcal / Kg) 2,740
Crude protein (%) 22.0
Ethereal extract (%) 2.30
Calcium (%) 3.15
Total phosphorus (%) 0.67
Available phosphorus (%) 0.45
Sodium (%) 0.15
Digestible lysine (%) 1.05
Digestible methionine (%) 0.30
Antioxidant (%) 0.10
Mineral supplement! (%) 1.14

Enrichment per Kg of feed: Vit. A - 9.00 IU, Vit. BI - 1.00 mg, Vit. B2 - 4.00 mg, Vit. B6 - 2 mg, Vit. BI2 - 12 mcg, Vit. D3 - 2,300 1U, Vit. E
- 10.00 1U, Vit. H - 30.00 mg, Vit. K3 - 1.00 mg, Folic acid - 0.20 mg, Cobalt - 5.00 mg, Copper - 10.00 mg, Choline 220.00 mg, Iron - 79.60
mg, lodine - 1.00 mg, Manganese - 80.00 mg, Niacin - 12.50 mg, Calcium Pantothene - 5.00 mg, Selenium - 0.20 mg, Sodium - 1.47 g, Zinc -
50.00 mg. Source: Authors.

2.2 Variables studied

Eggs of each cage were counted and collected daily in the morning to estimate the egg production rate. Feed intake,
egg production rate, egg weight, egg mass, and feed conversion per egg mass and dozen eggs were calculated at the end of
every 25 experimental days. The eggs were individually weighed using a digital scale with 0.001 g accuracy, and then the
average egg weight was calculated. Five eggs per experimental unit within the average weight range were selected for analysis
of the eggshell quality (eggshell weight and thickness, and specific gravity).

Specific gravity was determined according to the methodology of Aradjo and Albino (2011). The eggshells were
washed under running water, oven-dried at 105°C for 24 hours, and weighed on a digital scale with 0.001 g accuracy to obtain
the average eggshell weight. Eggshell thickness was determined according to Nordstrom and Ousterhout (1982).

To obtain the surface temperature of the quail regions (head, core and shin) surface temperature (Ts, °C) of quails, an
infrared thermographic camera (Flir Systems, model Flir E60, resolution 320x240 (76.800 pixels), was used, accuracy +/- 2%
or 2 °C). Three thermograms (head, core and shin) were captured from each repetition per plot (2 repetitions per experimental
plot) every 25 days (25, 50, 75, and 100 days), 0.4m away from the animals, as recommended by the manufacturer. The
generated thermographic images had a resolution of 320x240 pixels, where each pixel represents a temperature point. The
camera has an internal automatic temperature calibrator. An emissivity of 0.98 was considered, which is indicated by the
manufacturer for biological tissues. Subsequently, these thermographic images were analyzed by the software Flir Tools © 1.2,
to obtain the average surface temperature of each distinct body region: head, core and shin (figure 1).

Blood samples were taken as a function of time. Every 25 days (25, 50, 75, and 100 days), two birds from each
replicate were randomly selected, totaling 40 birds, and blood samples (1-1.5 mL) were drawn using a needle and syringe by
ulnar venipuncture. Blood samples were taken within 2 minutes after the initial disturbance (removal from the cage), collected
into heparin-coated tubes, and stored in an icebox. Then, the samples were transferred to the laboratory for determination of
heterophil/lymphocyte ratio, erythrocyte count (RBC), total leukocyte count (TLC) (Figure 2), hemoglobin (HEM), mean

corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC).
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Figure 1. Thermographic photo of the head, core and shin temperature of Japanese quail.

Spl:Head,Bx1:Core, Sp2:Shin. Source: Own research.

Hematocrit level was obtained using microcapillary tubes filled with blood samples, which were sealed and
centrifuged at 12,000 rpm for 5 minutes. Microhematocrit concentrations were expressed as a percentage, obtained by specific
reading for the hematocrit values.

Hemoglobin estimation was performed by Drabkin's method (1948) and measured spectrophotometrically at 540 nm
(ASYS) (Campbell, 2004).

For estimation of the total leukocyte count (Figure 2), a drop of blood was used to prepare blood smears. After drying,
blood smears were fixed in methanol for 10 minutes and stained with fast panoptic stain. The total number of heterophils was
divided by the total number of lymphocytes to estimate the heterophil/lymphocyte ratio (Campbell, 2004; Thrall et al., 2006).
Slides were read by a single person, and subsequently, the images were captured.

The equations proposed by Coles (1984) and Campbell (2004) were used to calculate the mean corpuscular volume

(MCYV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC).
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Figure 2. Photomicrograph of Japanese quail blood distension (monocyte-arrowhead, heterophile-entire arrow, lymphocyte-

dotted arrow, thrombotic-arrow with trace) for the total leukocyte count. Fast Panotic. 100x.

-
L

Source: Own research.

2.3 Statistical analysis

Errors were analyzed by the Kolmogorov—Smirnov's normality test (0=0.05). The homogeneity of variances was
evaluated by Levene's test (a=0.05), and all variables showed a normal distribution of errors and homoscedasticity (SAS, 9.0,
proc GLM). Then, an analysis of variance (SAS 9.0 Proc GLM; a = 0.05) was performed (performance, external egg quality
and thermographic variables; a=0.05). Hematological-related and surface temperature of the quail regions (head, core and shin)
variables were analyzed as a 4x4 factorial design with four stocking densities and four blood sampling periods. The
comparison of means between treatments and treatments vs. blood sampling periods was performed using Tukey's test

(0=0.05).

3. Results

Quail performance

There was no significant effect of stocking density (Table 3) on feed intake (p=0.974), feed conversion per egg mass
(p=0.647), feed conversion per dozen eggs (p=0.937), egg mass (p=0.146), egg production rate (p=0.157), eggshell thickness
(p=0.256), specific gravity (p=0.552), and eggshell weight (p=0.509). Since there were no statistical differences on the effect
of housing density on the parameters mentioned above. This may have occurred due to the adaptation of the quails to the
experimental environmental conditions. These results corroborate those of Lopes et al. (2006), who did not observe a
significant effect of different stocking densities (94.9, 108.4, 126.5, and 151.8 cm?/quail) on quail performance in a 63-day
experiment.

During the whole experimental period (Table 1), the quails were exposed to temperature conditions outside the
thermal comfort zone (22 - 24°C), which was determined by Castro et al. (2017) in a study with Japanese laying quails.
However, Soares et al. (2019) reported decreased feed intake in Japanese quails exposed to increasing temperatures (20, 24, 28,

and 32°C) despite no observable change in hormonal conditions (T3, T4, and corticosterona).
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Quails housed at 86.31 cm?/quail had lower egg weight (p=0.023), which is similar to that observed by other
researchers in studies reporting that the stocking density affected egg weight of quails (Sarica et al., 2008; El Tarabani, 2016).
In the present study, eggs of quails housed at 86.31 cm?animal were 310 mg lighter than eggs of quails housed at 93.5

cm?/animal.
Table 3. Effect of stocking density under performance of quais.
Density (cm?/bird)
Parameters
112.2 102.0 93.5 86.31 fSEM P value
FI 26.81+0.64 26.98+1.38 27.01+0.58 26.75+1.34 0.472 0.974
L 95.82+1.18 93.35+1.52 95.82+2.88 94.38+1.63 0.856 0.158
EwW 10.57+0.16*8 10.75+0.2148 10.79+0.114 10.48+0.15"8 0.071 0.024
EM 10.1340.20 10.04+0.33 10.34+0.39 9.90+0.19 0.130 0.147
MCO 2.65+0.04 2.69+0.14 2.62+0.13 2.71£0.15 0.054 0.648
CDz 0.336+0.01 0.340+0.01 0.339+0.02 0.340+0.02 0.005 0.941
ST 0,270+0.01 0.268+0.01 0.263+0.01 0.266+0.01 0.002 0.256
SG 1.069+0.01 1.076+0.01 1.073+0.01 1.073+0.01 0.003 0.552
SwW 0.861+0.02 0.875+0.01 0.864+0.01 0.865+0.01 0.006 0.509

FI: feed intake (g/quail/day), L: Laying rate (%), EW: egg weigth (g/egg), EM: egg mass (g), MCO: Mass convertion (g/g),
CDz: Dozen eggs convertion (g/dz), ST: Shell thickness, SG: Specific gravity, SW: Shell weight.
Means followed by equal letters on the same line do not differ by Tukey's test (a=0.05). +SEM: standard error mean.
Source: Authors.
Temperatures of the head, body core, and shank
There was a significant interaction between time and stocking density on head temperature (p=0.02). However, there
was no interaction between time and stocking density on the core (p=0.198) and shank temperatures (p=0.658), although time

densities alone have significantly affected core (p=0.0001) and shank temperatures (p=0.001) (Table 4).
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Table 4. Effect of stocking density on average temperature values (°C) of the regions: head, core and cinnamon of laying

Japanese quails.

Head (°C)
Density (cm? / quail)
PERIOD (days) MEAN
112.20 102.0 93.50 86.31
25 35.50+2,264% 35.05+2,264% 35.88+2,26"% 35.7542,26A2 35.79
50 36.50+2,264% 35.48+2,261% 37.15+2,2682 37.3042,2642 36.61
75 36.60+2,264% 36.69+2,26" 35.99+2,264 37.06+2,26A2 36.58
100 35.21+2,26 35.30+2,265° 34.78+2,26<° 36.36+2,26A2 35.41
MEAN 35.95 35.88 35.95 36.62
Core (°C)
Density (cm? / quail)
PERIOD (days) MEAN
112.2 102 93.5 86.31
25 32.95+£2.22 32.71+£2.22 32.90+2.22 33.28+2.22 32.964
50 33.95+£2.22 33.58+2.22 34.71+£2.22 34.60+2.22 34214
75 33.64+2.22 33.11+£2.22 33.27+£2.22 34.5242.22 33.64 4
100 31.18+2.22 32.10£2.22 32.60+2.22 32.31+2.22 31.808
MEAN 32.934 32.874 33.124 33.688
Shin (°C)
Density (cm? / quail)
PERIOD (days) MEAN
112.2 102 93.5 86.31
25 35.28+3.19 35.40+43.19 34.80+3.19 35.24+3.19 35.18P
50 37.35+£3.19 37.92+43.19 37.48+3.19 38.43+3.19 37.79®8
75 38.54+3.19 37.48+3.19 37.92+43.19 38.85+3.19 38.204
100 36.43+3.19 37.5843.19 36.42+43.19 36.88+3.19 36.83¢
MEAN 36.90P 37.098 36.65¢ 37.35%

Different uppercase letters in the row, followed by different lowercase letters in the column differ from each other. Source: Authors.

Hematological parameters

There was a significant interaction between time and stocking density on percentages of hematocrit (p=0.0008),
hemoglobin (p=0.009), mean corpuscular hemoglobin (p=0.002) and mean corpuscular hemoglobin concentration (p=0.02).
However, there was no interaction between time and stocking density on heterophil/lymphocyte ratio (p=0.361), total
leukocyte count (p=0.516) and mean corpuscular volume (p=0.184), although time significantly affected these variables (Table
5).
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Table 5. Statistics (P-value) of blood variables evaluated as a function of the collection period (days) and housing density (cm?

/ quail) for Japanese quails.

Interaction

Variables Housing density Collection period D#p SEM
H/L 0.0451 0.0012 0.059 0.059
TLC 0.3550 <.0001 0.5165 4.311
MCV 0.1716 <.0001 0.1844 0.042
RBC 0.0330 <.0001 0.0008 0.464
HEM 0.1113 <.0001 0.0095 0.088
MCH 0.0304 <.0001 0.0027 0.027
MCHC 0.4492 <.0001 0.0237 0.135

H/L: Relationship heterophile/lymphocyte population, CTL: Total leukocyte count (uL), MCV: mean corpuscular volume (um’), RBC: hematocrit (%), HEM:
hemoglobin (g/dL), MCH: mean corpuscular hemoglobina ( pg/cell and MCHC: mean corpuscular hemoglobin concentration ( g/dL)

D*P: Density*Period

TSEM: standard error mean.

Source: Authors.

The mean hematocrit concentrations as a function of sampling time (Table 6) were 37.38 (at 25 days), 30.75 (at 50
days), and 96.90% (at 75 days). However, at 100 days, the mean hematocrit concentration decreased to 31.89%. Hematocrit
concentration decreased at 50 days, increased sharply at 75 days but dropped dramatically at 100 days, regardless of the
treatment.

There was no significant effect of stocking density (112.2, 102, 93.5, and 86.31 cm?/quail) within the blood sampling
period (25, 50, and 75 days) on hematocrit concentration (Table 6). However, quails housed at 93.5 and 86.31 cm?/quail had
significantly lower hematocrit concentrations at 100 days (30.95 and 28.75%, respectively).

In the last sampling period (100 days of the experiment), the results of hematocrit concentration for quails housed at
112.2 and 102 cm?quail were within the reference range, which corresponds to 35 to 55% of the red cell mass. It may be
related to animals' adaptation to cage size and the greater temperature range recorded in the fourth experimental period (Table
1). Hematocrit concentration increased sharply at 75 days of the experiment (96.90%), although it did not differ between
treatments. However, there was a significant difference in hematocrit levels between sampling times.

Regardless of treatment, the mean hemoglobin concentration of quails at 25 days of sampling reached 19.82 g/dL, then
decreased at the second period (11.57 g/dL), increased at 75 days of the experiment (28.90 g/dL), and decreased again at 100
days (11.65 g/dL). Mean hemoglobin concentrations, regardless of the sampling period, were 17.45, 18.09, 16.9, and 19.5 g/dL.
for quails housed at stocking densities of 112.2, 102, 93.5, and 86.31 cm?/quail, respectively.
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Table 6. Effect of the interaction between collection period and housing density on the values of hematocrit (RBC),
hemoglobin (HEM), mean corpuscular hemoglobin (MCH) and concentration of mean corpuscular hemoglobin (MCHC) blood

and Japanese quail laying.

RBC (%)
PERIOD Density (cm? / quail) MEAN
(days) 112.20 102.0 93.50 86.31
25 38.550.934° 36.45£0.934 37.47£0.93% 37.03£0.93% 37.382.23
50 30.0540.934¢ 32.1820.934 28.930.934¢ 31.8520.934¢ 30.7542.57
75 96.300.934¢ 97.0020.93A 96.8520.93A 97.4520.93A 96.900.77
100 31.9520.93A8¢ 35.900.934 30.9520.938¢ 28.75+0.938 31.8943.47
MEAN 49.21228.18 50.38227.70 48.55428.85 48.77+29.06
HEM (g/dL)
PERIOD Density (cm? / quail)
(days) 1122 102 935 86.31 MEAN
25 17.62+1.55% 19.53+1.55% 19.06+1.55% 23.08+1.55" 19.82+4.67
50 12.63£1.55% 10.321.55% 11.28+1.55% 11.9941.55%¢ 11.57+1.81
75 27.90+1.55% 27.0821.55% 26.8241.55% 33.7941.55M 28.9024.63
100 11.59+1.55% 15.431.55% 10.45 +1.55C 9.131.55¢ 11.6543.65
MEAN 17.45+6.99 18.09+7.29 16.9+7.71 19.5+10.44
MCH(pg/cel)
PERIOD Density (cm? / quail) MEAN
(days) 1122 102 93.5 86.31
25 0.692+0.10 0.892+0.10% 0.692+0.107 0.962+0.10° 0.809+0.20
50 0.502+0.10% 0.4460.10° 0.5200.10% 0.6200.10%* 0.52240.10
75 1.04+0.10% 0.822+0.10% 0.782+0.10% 1.060+0.10% 0.926+0.32
100 0.9060.10% 1.2900. 108 0.626+0.10% 0.68420.107 0.87620.36
MEAN 0.785+0.31 0.862+0.37 0.655+0.21 0.83120.28
MCHC (g/dL)
PERIOD Density (cm? / quail) MEAN
(days) 112.2 102 935 86.31
25 45.79+3.55 53.31%3.55% 51.07%3.55% 62.413.55% 53.14%12.46
50 42.1443.55% 32.1123.55% 39.0843.55% 37.8243.55% 37.7946.18
75 29.0043.55A 27.9243.55% 27.7043.55% 34.6743.55% 29.8244.75
100 36.2843.55% 42.9843.55% 34.0123.55% 31.7943.55% 36.2628.67
MEAN 38.327.66 39.08213.73 37.96£12.55 41.67+13.64

Different uppercase letters in the row, followed by different lowercase letters in the column differ from each other. Source: Authors.
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The effect of sampling time on hemoglobin concentrations for each experimental treatment (112.2, 102, 93.5, and 86.31
cm?/quail) was similar to that of hematocrit concentration (Table 6).

There was a significant interaction between sampling time and stocking density on mean corpuscular hemoglobin
(p=0.002).

There was a significant interaction between sampling time and stocking density on mean corpuscular hemoglobin
concentration (p=0.02).

A significant difference was observed (p=0.001) for heterophil/lymphocyte ratio (H/L), as shown in Table 5.

3.1 Discussion

Dantzer and Kelly (1989) suggested that stress suppresses gonadotropin-releasing hormone pulse generator activity.
In turn, it compromises the reproductive functions of the axis due to impaired secretion of follicle-stimulating and luteinizing
hormones in laying birds, which may compromise egg size.

In the present study, the quails were able to maintain physiological homeostasis to the point that the stress caused by
the reduced space due to high density (86.31 cm?/quail) was not enough to elicit competition between birds, which could
somehow affect the evaluated parameters. Although a significant difference in egg weight was observed, this difference
between the heaviest and lightest egg weight was only 0.3 g on average.

In animals, corticosterone levels are influenced by stress (Quinteiro Filho et al., 2010; Shini et al., 2010; Calefi et al.,
2014), particularly by temperature (Soares et al., 2019). However, the short evaluation period (100 experimental days),
adaptation to adaptation to housing density and ad libitum feed offer may not have been sufficient to alter corticosterone
concentration because quails housed at the highest (86.31 cm?quail) and lowest stocking densities (112.2 cm?quail) showed
similar feed intake, and subsequently, egg production rate, feed conversion per mass and per dozen eggs.

These findings differ from those of Lima et al. (2012), who tested different stocking densities (121.4, 106.2, 94.4, and
85 cm?/quail) for Japanese laying quails. The authors reported a significant effect of stocking density on feed intake, egg
weight, feed conversion by egg mass, and feed conversion by dozen eggs. Moreover, Lima et al. (2012) observed that quails
housed at 85 cm?/quail had lower feed intake and egg weight.

It is known that egg-laying poultry exposed to increasing stocking density may experience thermal stress and reduced
capacity to dissipate heat. Therefore, birds tend to distance themselves from each other to maximize sensible heat loss. Birds
use mechanisms of physiological regulation such as increased respiratory rate during eggshell formation in the uterus, with a
consequent increase in CO, loss and then reduced availability of carbonate ions (HCOs). Therefore, although calcium is
available, eggshell quality decreases. However, quails housed at high stocking densities (86.31 cm?/quail) had similar results
for eggshell thickness, eggshell weight, and specific gravity compared with quails housed at lower stocking densities.

On the one hand, Soares et al. (2018) reported no significant differences for eggshell thickness, specific gravity, and
eggshell weight in Japanese quails housed at different stocking densities (121.43, 106.25, 94.44, and 85.00 cm?quail). On the
other hand, Vercese et al. (2012) reported increased respiratory rate and decreased eggshell strength in Japanese quails exposed
to temperatures above 21°C. Moreover, the eggshell thickness was reduced when birds were exposed to temperatures above
27°C. This response was not observed in this study, although birds were exposed to conditions of moderate stress (Soares et
al., 2019) with temperatures reaching 27°C and maximum amplitude of 14.78 °C.

Given that the mean minimum temperatures were around 19.5 °C and the light was turned off at 10 p.m. (lighting
program), the quails may have changed the feed intake pattern (Pereira et al., 2013; Guimardes et al., 2014), with more feeding
activities during the evening. It may explain the lack of difference in animal performance and eggshell quality. Owing to

nighttime food compensation
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The means for head temperature as a function of time decreased at 100 days of the experiment (35.21, 35.30, 34.78
and 36.36 °C). It indicates adaptation to temperature conditions in the last period, which averaged 26.7 °C (Table 1). When
quails are not under heat stress, this area remains in thermal homeostasis. In a temperature mapping study using infrared
thermography in Japanese quails, Souza Jinior et al. (2013) concluded that the region of the head had higher surface
temperature than the other regions analyzed.

Quails housed at the highest stocking density (86.31 cm?/quail) had the highest head temperature (36.36°C) at the end
of the experimental period compared with quails housed at 112.20 cm?quail (35.21°C), 102 cm?quail (35.30°C), and 93.5
cm?/quail (34.78 ° C). High-density stocked quails released more heat than quails with smaller cage space due to heat stress.
During periods of heat stress, featherless areas such as comb, wattles, and shins are typically vasodilated (Richards, 1971;
Hillman et al., 1982). According to Dahlke et al. (2005), the comb, wattle, and shinks' total surface area correspond to 16% of
the total body surface, which confirms the importance of these body regions to heat dissipation. This result corroborates the
findings for mean core (33.68°C) and shin temperatures (37.35°C) in quails housed at the highest stocking density (86.31
cm?/quail).

Regardless of sampling time, the mean hematocrit concentrations were 49.21, 50.38, 48.55, and 48.77%, respectively,
for quails housed at 112.2, 102, 93.5, and 86.31 cm?/quail. It demonstrates hematocrit-related physiological changes in quails
under conditions of moderate stress, particularly thermal amplitudes throughout the experimental period (Table 1). However,
these physiological changes did not negatively affect performance (Table 3). On the other hand, Rosa et al. (2011) observed
increased hematocrit concentration in Japanese quails under thermal stress.

The analysis of the isolated effects of each experimental treatment and sampling time revealed that the stress caused
by the high population density in the cages was able to affect hematocrit concentration. There was no significant difference in
hematocrit concentration at 100 and 50 days of sampling for quails housed at 112.2 cm?%quail (31.95 and 30.05%), 93.50
cm?/quail (30.95 and 28.93%), and 86.31 cm?quail (27.75 and 31.85%), respectively. However, hematocrit concentration was
significantly different at 75 days for quails housed at 102 cm?/quail, whereas the other sampling times were similar.

The imposed stocking conditions was not the only factor influencing quail hematology (Table 1). We observed that
the increase in ambient temperature up to 33.7°C at 75 days of sampling, with minimums of 18.9°C, coincides with the period
in which the highest hematocrit concentration was reported (Table 6). Although the maximum temperature reached 34.9°C at
100 days, the amplitude in this period (16.9°C) was the largest (Table 1). Therefore, it indicates that the minimum temperatures
may have some compensating effect, promoting adaptation of quails to the imposed conditions.

In situations of acute environmental and/or thermal stress, physiological changes such as decreased blood viscosity,
increased hematocrit and hematimetric indices, mean corpuscular hemoglobin and mean corpuscular hemoglobin concentration
are typical in birds (Lagand et al., 2005; Yahav et al., 2007). The decreased viscosity can alter blood flow in vessels and reduce
the distribution of blood to body tissues (Borges, 2001), which compromises quail performance.

Wein et al. (2017) evaluated the effects of cage size and different stocking densities in hens and observed increased
hematocrit levels in high-density stocked animals as a response to stress.

The blood sampling time (period) at 25, 50, 75 days did not influence hemoglobin concentration of quails
housed at stocking densities of 112.2, 102, 93.5, and 86.31 cm?quail. However, hemoglobin concentration was affected at 100
days of the experiment. Hemoglobin concentrations decreased with increasing time in quails housed under high-density
conditions (93.5 and 86.31 cm?quail), with the lowest values for hemoglobin (10.45 and 9.13 g/dL), respectively. Evidence of

adaptation in less adverse conditions was noted, i.e., more space per animal in cages (112.2 and 102 cm?/quail).
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There was no significant difference between hemoglobin values (g/dL) in quails housed at 112.2 cm?/quail, regardless
of the sampling period (25, 50, 75, and 100 days). It demonstrates that other factors may have affected hemoglobin
concentration over time.

Quails housed at 102 cm?/quail had similar hemoglobin concentrations at 25, 75, and 100 days of the experiment. A
significant difference was observed only at 50 days. It indicates that the effects of population stress were milder at this stocking
density (102 cm?/quail), and the animals adapted faster to imposed conditions. In turn, hemoglobin concentrations were similar
at 100 days. This response was not observed in quails housed at 93.5 and 86.31 cm?quail since hemoglobin concentrations
decreased significantly at 100 days to 10.45 and 9.13 g/dL, respectively. It is noteworthy mentioning that hemoglobin
concentrations at 50 and 100 days were statically similar. In absolute values, the hemoglobin concentration at 100 days
decreased compared to 50 days in quails housed at 93.5 and 86.31cm?/quail. It demonstrates that some external fact may have
affected the adaptation of quails to conditions of high stocking density and time.

According to Bounous and Stedman (2000), the mean hemoglobin concentration in poultry (broilers and laying hens)
is 9 g/dL, ranging from 7.0 to 13.0 g/dL. El-Kholy et al. (2017) reported that the mean hemoglobin in Japanese laying quails
ranges from 8.99 to 11.80 mg. Moreover, Mohamed et al. (2015) reported that hemoglobin concentration ranged from 82 to
123 g/ in a study evaluating the impacts of heat stress on quails' well-being, which differs from that observed in this
experiment.

Relative to the MCH, the time (period) of blood sampling at 25, 50, and 75 days of experiment was not influenced by
stocking density (112.2, 102, 93.5, and 86.31 cm?% quail). However, the mean corpuscular hemoglobin volume (1.29 pg/cell) in
the last sampling period (100 days) was higher in quails housed at 102 cm?%quail than in other treatments. It corresponds to an
additional of 0.384, 0.664, and 0.606 pg/cell compared with quails housed at 112.2, 93.5, and 86.31 cm?/quail, respectively. It
is noteworthy mentioning that the MCH decreased in the second sampling period (50 days) and then increased at 75 days of the
experiment for all treatments (112.2, 102, 93.5, and 86.31 cm?quail). Initially, the MCH had means of 0.809 pg/cell, decreased
to 0.522 pg/cell, raised to 0.926 pg/cell, and dropped again at 100 days (0.876 pg/cell).

Relative to the MCHC, the time (period) of blood sampling at 25 and 100 days of experiment was not influenced by
stocking density (112.2, 102, 93.5, and 86.31 cm?quail). However, the mean corpuscular hemoglobin concentration (64.41
g/dL) at 25 days was higher in quails housed at 86.31 cm?/quail than in other treatments. The MCHC of quails housed at 112.2
cm?/quail was similar at 25, 50, 75, and 100 days. The MCHC of quails housed at 102 cm?/quail was similar at 25 and 100
days (53.21 and 42.98 g/dL, respectively), and 50 (31.11 g/dL) and 75 (27.92 g/dL) days. The MCHC of quails housed at 93.5
cm?/quail was similar at 25, 50, and 100 experimental days. It differs from quails housed at 86.31 cm?/quail, in which
similarity was reported at 50, 75, and 100 experimental days.

The mean H/L ratio was lower at 25 days (0.880) than at 100 days (1.219). Quails housed at 86.31 cm?/quail had
lower mean H/L ratio (0.961) compared with animals housed at 102 cm?quail. None of the treatments showed different
estimates. Under conditions of extreme stress, birds can develop heteropenia and lymphocytosis. Thus, a two-phase cellular
reaction may be present in poultry exposed to stress. This biphasic leucocytic response to stress may be unique to poultry
(Campbell, 2004). Therefore, this reduction in heterophil counts may be related to the increase in lymphocyte count
(Ilymphocytosis), which is associated with immune stimulation. Moreover, it is also associated with some types of heterophils

under conditions of stress and disease, such as toxic heterophils, as seen in Figure 3.
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Figure 3. Photomicrograph of blood distension in Japanese quail showed heterophile in toxic form (arrow). Fast Panotic. 100x.

Source: Own research.

There is a relationship between stressful conditions and increased lymphocytic cells in quails. Some theories suggest
that the increase in circulating lymphocytes depends on the demand of the tissues for lymphocytes. In response to circulating
glucocorticoids, circulating lymphocytes bind to endothelial cells that line the walls of blood vessels, and migrate from the
blood circulation to other tissues such as the spleen, lymph nodes, bone marrow, and skin, where they are rescued (Dhabhar,
2002). Scanes and Christensen (2014) observed no significant difference in differential leukocyte count and
heterophil/lymphocyte ratio under conditions of moderate stress. This result differs from that found in the present study. On the
other hand, other authors such as Rosa et al. (2011), Prieto and Campo (2010), and Soleimani et al. (2011) reported increased
heterophil/lymphocyte ratio in birds under stress conditions. The H/L ratio is a less variable stress indicator than individual
cells, and it is more reliable than plasma corticosteroid levels. However, this rule applies only under mild and moderate stress
(Gross and Siegel, 1983). The results showed that the heterophil/lymphocyte ratio increased over time.

The CTL was lowest (14245 pL) during the last sampling period (100 days). With the experience of stress, leukocyte
reserves tend to decline, and this effect has a profound influence on the number of leukocytes entering the blood circulation.
According to Jain (1993), the reference values of leukocytes in poultry ranges from 12000 to 30000 leukocytes/mm?.

The mean corpuscular volume or mean globular volume was significantly affected (p = 0.0001) by time. The MCV was
significantly higher in the last sampling periods (75 and 100 days; 3,101 and 2,411 pm?, respectively) compared to 25 and 50
days, which were statistically similar among each other. The present study does not agree with Porto et al. (2015), who
observed that chronic heat stress does not interfere with the production of serum anti-Newcastle antibody titers in pre-starter
and starter chicks. But corroborates with the findings of Souza et al. (2010) in a study with stress-induced laying hens. The

MCYV is used as an indicator of anemia in animals.
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4. Conclusion

Different stocking densities do not interfere with the performance and eggshell quality but affect the core and shin
temperatures of Japanese quails. Hematological parameters and head temperature are affected by stocking density and time.
High-density stocked Japanese quails exposed to prolonged stress can become chronically stressed. However much the quail
tries to adapt to the adverse condition, the organism reaches exhaustion, which leads to severe consequences on physiological
and behavioral parameters. The stocking density of 102 cm?/quail is the most recommended because it does not differ from the

control treatment.
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