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Abstract: The aim of this study was to estimate the heat flux through sensitive mechanisms 35 

and respiratory evaporation of Japanese quails kept in thermoneutral and warm environments, 36 

using simple environmental and physiological measures. 192 nine-week-old quails were used, 37 

distributed in a completely randomized design at two temperatures (T1 = 24 °C and T2 = 32 38 

°C), with 12 replicates of eight birds each, with an experimental period of 63 days, divided 39 

into three 21-day periods. Physiological measurements of respiratory rate (RR), cloacal 40 

temperature (TC) and body surface temperature (TS) were measured twice a week. The 41 

behavior of the energy balance in the climatic chambers was obtained using the total thermal 42 

energy exchanges per unit surface area of the birds, derived from the sum of sensible 43 

(radiation and convection) and latent heat exchanges. Respiratory rate (P<.0001), surface 44 

temperature (P<.0001) and cloacal temperature (P=0.0047) were higher in the 32 °C 45 

environment. The expired air temperature (P<.0001) and heat loss by respiratory evaporation 46 

(P<.0001) showed higher values when the quails were in an environment of 32 °C, while the 47 

heat losses by convection (P<.0001) and radiation (P<.0001) were higher in a thermal comfort 48 

environment. In Japanese quails kept in a controlled environment, sensible heat dissipation by 49 

convection is the main way to eliminate excess thermal energy, when the air temperature is up 50 

to 32 ºC. 51 

 52 

Keywords: cloaca, convection, physiological parameters, radiation 53 

 54 

Introduction 55 

 56 

Quails breeding is an expanding activity in tropical regions, which are characterized 57 

by strong insolation, high air temperatures of up to 40 ºC (Souza et al., 2014) and sparse and 58 

irregular rainfall (Abdelsattar et al., 2020). The Japanese quails is a bird adapted to hot 59 

climates, with small size, earliness, productivity, requiring small spaces for production and 60 

little labor (Guimarães et al., 2014; Khalilipour et al., 2019). In quails farming, optimal 61 

productivity is achieved when the animals are subjected to an environmental condition that 62 

favors minimal energy exchanges to maintain thermal balance (Nascimento et al., 2014). 63 

The thermoneutral zone for quails in the initial phase is between 35 and 38 °C and in 64 

the laying phase between 18 and 22 °C (Murakami & Ariki, 1998). However, in birds in the 65 

thermoneutral zone, little energy is dissipated to maintain their homeothermy. Cloacal 66 

temperature is considered a measure that represents the body core temperature and can be 67 

used as a good indicator of the animals' comfort or thermal stress condition (Brown-Brandl et 68 
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al., 2003). Quails plumage plays a fundamental role in the thermal balance between the 69 

organism and the environment, so they directly interfere in the efficiency of heat elimination 70 

mechanisms (Malheiros et al., 2000). 71 

Sensible exchange, which can be by conduction, convection and radiation, has great 72 

prominence in thermal balance, however, this heat exchange mechanism directly depends on a 73 

temperature differential (thermal gradient) between the average surface temperature and the 74 

ambient temperature (Moura et al., 2016); consequently, the greater this difference, the more 75 

efficient the thermal exchanges will be. According to Brown-Brandl et al. (1997), the greater 76 

the temperature differential, the more efficient the heat exchange through the sensible means. 77 

Another form of heat exchange is latent exchanges, mainly evaporation, reflected in the bird 78 

as a form of panting (Silva, 2008). 79 

The aim of this study was to estimate the heat flux through sensible mechanisms and 80 

respiratory evaporation of Japanese quails kept in thermoneutral and warm environments, 81 

using simple environmental and physiological measures. 82 

 83 

Material and methods 84 

Ethics Committee and Experimental Site 85 

All procedures used were approved by the Animal Use Ethics Committee of the Federal 86 

University of Campina Grande (Protocol No. 089.2017). 87 

The experiment was carried out in Campina Grande, Paraíba, Brazil (7º13'11''S; 88 

35º53'31''W and 547 m altitude). According to Köppen’s climate classification, the region's 89 

climate is classified as tropical, with wet and dry seasons (AS'), with maximum annual 90 

temperature of 32 ºC and minimum of 17 °C, and average annual precipitation of 765 mm. 91 

 92 

Climatic chambers 93 

The experiment was carried out in two climatic chambers, with dimensions of 3.07 m 94 

x 2.77 m x 2.6 m, in length, width and height, respectively (Figure 1), located in the 95 

Laboratory of Rural Constructions and Ambience, of the Academic Unit of Agricultural 96 

Engineering, Federal University of Campina Grande, PB. 97 

For environmental control, the chambers are equipped with: electric resistance air 98 

heater; hot/cold split air conditioning, Samsung brand, AS18UWBUXXAZ model, with 99 

power of 1750 W, and cooling capacity of 18,000 BTU/h, flow rate of 828 m3/h; and Britânia 100 

brand air humidifier, BUD04B model, with capacity of 4.5 L and a mist flow (average value) 101 

of 300 ml h-1. The relative humidity of the air was controlled by air humidifiers and measured 102 
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by sensors. Ventilation was provided through the use of side fans and exhausts; these were 103 

installed at the height of the geometric center of the birds. Wind speed was measured at five 104 

different points, with the aid of a digital thermohygroluximeter anemometer (model LM-8000 105 

AKSO® brand with measuring range: 0.4 to 30.0 m/s and accuracy: ± 3%). The chambers 106 

have temperature and humidity sensors, and environmental data were collected and recorded 107 

every 15 min by sensors (Full Gauge SB-56) coupled to the data acquisition system, through 108 

an MT-530 PLUS type controller from Full Gauge Controls®, controlled via computer 109 

through SITRAD® (software for acquisition, control, monitoring and visualization of data in 110 

climate chambers). 111 

 112 

Animals and Experimental Arrangement 113 

192 quails with nine weeks of age were distributed in a completely randomized design 114 

at two temperatures (T1 = 24 °C and T2 = 32 °C), with 12 replicates of eight birds each, with 115 

an experimental period of 63 days, divided into 3 periods of 21 days. 116 

The quails were nine weeks old, with mean weight of 168 ± 5g at the beginning of the 117 

experiment (14 weeks old) and  175 ± 5g at the end (24 weeks old), housed in sets of cages in 118 

the chambers, each set composed of four floors, three cages per floor, made of galvanized 119 

wire, with dimensions of 50 x 33 x 20 cm (width, depth and height, respectively), subjected to 120 

a stocking rate of 206 cm2 birds-1, 8 birds per cage. The cages were equipped with zinc foil 121 

feeders and individual nipple drinkers. 122 

The birds went through an adaptation period of three weeks, in which the chambers 123 

were programmed to keep the quails at a thermal comfort temperature (24 ºC) during the day 124 

and at room temperature at night. Egg production was counted and, at the end, the quails were 125 

weighed for homogeneous distribution in the experimental units, considering their body 126 

weight and average laying rate. After distribution, chamber temperatures were adjusted to 127 

24.0 ± 1.0 ºC within the thermal comfort zone and 32 ± 1.2 ºC above the thermal comfort 128 

zone (Castro et al., 2017; Soares et al. al., 2019b). These values were maintained for a period 129 

of 12 hours (7:00 to 19:00) and the chamber doors were opened from 19:01 to 6:59 at room 130 

temperature (22 ± 2.0 ºC), simulating the environmental conditions of the semiarid region. 131 

The relative humidity of the air in the chambers during the experimental period was 132 

65.0±5.0% and the mean wind speed was 0.6±0.5 m s-1. The daily light program adopted was 133 

17 hours of light and 7 hours of darkness, using 20W and 220V fluorescent lamps. 134 

 135 

Feed management 136 
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During the experimental period, the birds were subjected to identical feeding 137 

management, consuming corn and soybean meal-based food for laying quails (Table 1). The 138 

nutritional composition of the ingredients used was obtained based on the tables by Rostagno 139 

et al. (2011). Water and feed were provided ad libitum. Leftovers and residues were weighed 140 

and deducted from the amount of feed weighed initially to calculate the feed and water 141 

consumption of the birds. 142 

 143 

Physiological variables 144 

Respiratory rate (RR), cloacal temperature (TC) and body surface temperature (TS) 145 

were measured twice a week, at two times (morning and afternoon), with the birds kept inside 146 

the climatic chamber, two hours after feeding to avoid interference from the caloric increase; 147 

for this, two birds from each plot were marked and identified beforehand. 148 

The respiratory rate (mov min-1) was obtained through visual assessment, considering 149 

the number of times the birds inhaled air for 20 seconds, and then the value obtained was 150 

multiplied by three; cloacal temperature (°C), determined using a digital veterinary clinical 151 

thermometer, inserted about 2 cm into the cloaca of the birds for, on average, 2 minutes or 152 

until the temperature stabilized; for surface and mean temperatures (TSM), an infrared 153 

thermometer model ITTI – 380, Instrutherm brand with laser sight (-10 to 50 °C), with an 154 

accuracy of ± 2%, was used to measure the temperature of the head, wing, foot and back 155 

(moving the feathers away from the collection site to measure directly on the skin), at a 156 

distance of 10 cm between the animal and the equipment, calculating the average surface 157 

temperature - eq. (1), according to the equation proposed by Nascimento et al. (2013): 158 

TSM = (0.03*Head Temp)+(0.70*Trunk Temp)+(0.12*Wing Temp) + (0.15*Foot Temp) (Eq. 159 

1) 160 

 161 

Thermal exchanges 162 

The behavior of the energy balance in the climatic chambers was obtained using the 163 

total thermal energy exchanges per unit surface area of the birds, derived from the sum of 164 

sensible (radiation and convection) and latent heat exchanges. Sensible heat exchange 165 

between the surrounding environment and the birds, per unit of body surface area, was 166 

determined using the model by Turnpenny et al. (2000): 167 

  (Eq. 3). 168 

Where, 169 
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Gs - sensible heat exchange between the bird and the environment (W/m2); CR - 170 

convection heat flux (W/m2); L - radiant heat flux (W/m2). 171 

Conduction exchanges were not included in Equation 3 as they are considered 172 

negligible. The convection heat flux, CR, was determined by Equation 4, proposed by 173 

McArthur (1987). 174 

  (Eq. 4). 175 

Where, 176 

CR - convection heat flux (W/m2); 177 

ρ - air density (kg/m3); 178 

Cp - specific heat of air (J/kg °C); 179 

rh - resistance of the boundary layer to convection heat transfer (m2 K/W); 180 

Ts - body surface temperature (K); 181 

Ta - air temperature (K). 182 

The resistance of the boundary layer to convection heat transfer can be calculated by 183 

Equation 5. 184 

   (Eq. 5). 185 

Where, 186 

rh - resistance of the boundary layer to convection heat transfer (m² K/W); 187 

ρ - air density (kg/m3); 188 

Cp - specific heat of air (J/kg °C); 189 

db - average diameter of the bird's body (m); 190 

k - thermal conductivity of air (W/m K); 191 

Nu - Nusselt's number. 192 

The average diameter of birds, for each study period, was estimated by Equation 6, 193 

proposed by Mitchell (1930). 194 

   (Eq. 6) 195 

Where, 196 

db - average body diameter of birds (cm); 197 

P – average weight of birds (g). 198 

The Nusselt number was determined by Equation 7, considering the representation of 199 

the bird's body as a sphere. 200 
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  (Eq. 7) 201 

Where, 202 

Nu - Nusselt's number; 203 

Re - Reynolds number. 204 

The Reynolds number was obtained by Equation 8. 205 

   (Eq. 8) 206 

Where, 207 

Re - Reynolds number. 208 

Ʋ - kinematic air viscosity (m2/s); 209 

dt - diameter of the black globe (m); 210 

V – average air displacement velocity (m/s). 211 

The exchanges for longwave radiation were calculated using Equation 9, proposed by 212 

McArthur (1987), considering only longwave radiation, as there is no incidence of solar 213 

radiation inside the chamber. 214 

    (Eq. 9) 215 

Where, 216 

L - radiant heat flux (W/m²); 217 

ρ - air density (kg/m3); 218 

Cp - specific heat of air (J/kg ºC); 219 

Rr - resistance of the boundary layer to heat transfer by radiation (m² K/W); 220 

Ts - body surface temperature (K); 221 

Tr - average radiant temperature (K). 222 

The resistance of the boundary layer to heat transfer by radiation was calculated by: 223 

  (Eq. 10) 224 

Where, 225 

Rr - resistance of the boundary layer to heat transfer by radiation (m2 K/W); 226 

ρ - air density (kg/m3); 227 

Cp - specific heat of air (J/kg °C); 228 

ƐS - emissivity (0.94); 229 

σ - Stefan-Boltzmann constant (5.67051*10-8, W/m2K4); 230 

TM  - Average temperature between Ts and (K). 231 
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The mean radiant temperature was obtained by Equation 11, proposed by Silva (2001). 232 

    (Eq. 11) 233 

Where, 234 

hc - globe convection coefficient; 235 

Tg - black globe temperature (K). 236 

The globe's convection coefficient was calculated by Equation 12 237 

      (Eq. 12) 238 

Where, 239 

k - thermal conductivity of air (W/m K); 240 

Pr - Prandtl's number, dimensionless. 241 

Prandtl's number was obtained by Equation 13. 242 

      (Eq. 13) 243 

Latent exchanges were defined as the process of energy loss through the respiratory 244 

tract. To quantify the exchanges of thermal energy in latent form, the empirical relationship of 245 

Hellickson & Walker (1983) was used, determined by Equation 14, considering the climatic 246 

chamber as a thermodynamic system, where mass and energy cross the boundary. 247 

   (Eq. 14) 248 

Where, 249 

E - total heat flux by evaporation (W/m²); 250 

ρ – air density (kg/m3); 251 

V – air velocity (m/s); 252 

Wex – partial vapor pressure of the exhaust air (kg/kg of dry air); 253 

Wa – partial vapor pressure of the inlet air (kg/kg of dry air); 254 

 λ – latent heat of vaporization of water at the same temperature as the air on the 255 

surface of the respiratory tract, 2402 kJ/kg according to With (1996). 256 

The partial vapor pressure of water (ea) was calculated by the product between the 257 

saturation vapor pressure (es) and the relative humidity of the air (RH) according to Equation 258 

15. 259 ℯa=    Eq. 15 260 

Where, 261 
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ea – partial vapor pressure of water (kPa); 262 

es - saturation vapor pressure (kPa); 263 

RH – relative humidity (%). 264 

The saturation vapor pressure of water was calculated using the Tetens: 265 

   (Eq. 16) 266 

Where, 267 

es - saturation vapor pressure of water (kPa); 268 

Ta – air temperature. 269 

 270 

The physical characteristics of the air were estimated using mathematical models, as a 271 

function of each air temperature evaluated, as suggested by Silva (2000) (Table 2). 272 

 273 

Statistical analysis 274 

The means were compared by the Student test at 5% probability using the General 275 

Linear Model (GLM) procedure of SAS (Statistical Analysis System, version 9.2). The 276 

following mathematical model was used: 277 

Yijk = μ + Zi + Ɛijk, (1) where Yijk is the dependent variable; µ is the overall mean; 278 

Zi = is the effect of temperature Z (i = 1,2); and Ɛijk is the random error, considering mean 0 279 

and variance ơ2. 280 

 281 

Results  282 

Respiratory rate (P<.0001), surface temperature (P<.0001) and cloacal temperature 283 

(P=0.0047) were higher in the 32 °C environment (Table 3). The expired air temperature 284 

(P<.0001) and heat loss by respiratory evaporation (P<.0001) showed higher values when the 285 

quails were in an environment of 32 °C, while the heat losses by convection (P<.0001) and 286 

radiation (P<.0001) were higher in a thermal comfort environment (Table 4).  287 

The results show that the sensible heat flux mechanisms contributed in greater 288 

proportion to the total heat dissipation, 64.09% and 51.65%, in environments at 24 °C and 32 289 

°C, respectively (Figure 2). However, the heat loss by convection was greater in the 290 

thermoneutral environment (24 °C), while the heat flux by radiation showed negligible values 291 

in both environments (Table 4).  292 

 293 
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Discussion  294 

In environments with high temperature, physiological responses are altered, aiming to 295 

intensify peripheral circulation and maximize non-evaporative heat loss (Borges et al., 2003). 296 

Simultaneously, in an attempt to increase heat dissipation, birds modify their behavior, 297 

opening their wings and leaving them away from the body, ruffling their feathers and 298 

avoiding grouping (Furlan & Macari, 2002). This combination of physiological and 299 

behavioral responses, through the production and release of heat, aims to maintain a normal 300 

body temperature (Abu-Dieyeh, 2006). 301 

In this study, the respiratory rate showed an increase of 11.79% in the environment with 302 

a temperature of 32 °C compared to the environment of 24 °C. This result is in agreement 303 

with those reported by Santos et al. (2014). The literature points out that sudden increases in 304 

respiratory rate or for long periods can cause dehydration and reduce the production and 305 

quality of quails eggs (Ribeiro et al., 2016, Rodrigues et al., 2016). Under heat stress 306 

conditions, increased respiratory rate causes an acid-base imbalance, known as respiratory 307 

alkalosis. As a result, most metabolic activities are compromised and while there is no return 308 

to homeostatic balance, performance will be impaired, which may result in the bird's death 309 

(Borges et al., 2003). 310 

The elevation of the surface temperature of quails in an environment of 32 °C can be 311 

explained by the absence of sweat glands and by their body covered with feathers, which may 312 

have difficulty in eliminating excess body heat. The animal stimulates heat transmission from 313 

the body's core to the periphery, increasing blood flow to peripheral tissues not covered by 314 

feathers (feet and facial region) and highly membranous and vascularized body regions, such 315 

as crests and barbels, important sites of thermolysis (Camerini et al., 2016; Santos et al., 2019; 316 

Souza Junior et al., 2019; Cândido et al., 2020). 317 

In a study carried out with broiler chickens, Dalke et al. (2005) observed an increase in 318 

cloacal and surface temperatures (wing, back, head, breast, leg) in broiler chickens at 42 days 319 

of age kept in an environment of 32 °C compared to those kept at 22 °C (thermoneutral). 320 

Temperature variations on the external surface of birds (head, wing, back, chest and leg) are 321 

mechanisms to maintain the constant internal temperature (Dalke et al., 2005; Nascimento, et 322 

al., 2014). 323 

Among the measurements used to indicate conditions of comfort or heat stress in birds, 324 

there is the cloacal temperature, considered as a representation of the core body temperature 325 

(Brown-Brandl et al., 2003). The cloacal temperature of birds can vary with age, weight, sex, 326 

physical activity, ingestion and thermal environment. Our findings show that the cloacal 327 
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temperature of quails increased by 0.29 °C, when the room temperature rose from 24 °C to 32 328 

°C. Although the cloacal temperature showed a statistical difference when comparing the 329 

different thermal environments, the quails remained with the cloacal temperature within the 330 

normal range [40 to 42 ºC] (Ribeiro et al., 2016; Soares et al., 2019b). Therefore, despite 331 

being kept in environments considered above their thermal comfort zone and with an increase 332 

in their respiratory rate and surface temperature, the birds maintained their homeothermy, 333 

demonstrating adaptability to hot environments (Rodrigues et al., 2016; Silva et al., 2017). 334 

The rise in expired air temperature in the 32 °C environment may be a response to the 335 

increases in respiratory rate, body temperature and surface temperature, which are 336 

physiological mechanisms used to dissipate excess body heat (Nascimento et al., 2011).  337 

According to Brown-Brandl et al. (1997), the greater the temperature differential, the 338 

more efficient the heat exchange through the sensible means. Thus, as can be seen, the heat 339 

flux values through the sensible means decreased in line with the decrease in the difference 340 

between ambient and bird temperatures, a condition that can be verified by the increase in 341 

surface and cloacal temperatures, in the environment at 32°C . 342 

In a study with broiler chickens, Nascimento et al. (2014) found that even 30 minutes of 343 

exposure to a stressful condition resulted in a decrease in sensible heat flux, being related to a 344 

higher area-to-volume ratio of chicken in the first weeks of life, which leads to greater heat 345 

loss from the body surface. Our results followed this trend.  346 

According to Nascimento (2010), when the air temperature is at levels close to 21 °C, 347 

the bird can lose up to 75% of heat through the sensible means. However, when the ambient 348 

temperature approaches the surface temperature of birds, evaporative mechanisms (mainly 349 

respiratory evaporation) assume a more important role in maintaining the thermal balance 350 

(Nascimento et al., 2014). Practically, this condition can be observed indirectly with the 351 

increase in the respiratory rate of birds. 352 

In the present study, the loss of latent heat by evaporation was greater when the quails 353 

were in an environment of 32 °C, contributing with 48.35% of the total heat dissipated in the 354 

hot environment. Latent heat flow mechanisms require higher energy expenditure when 355 

compared to sensible means. In a hot environment, increased energy demand for 356 

thermoregulation can compromise the productive performance, reproductive performance and 357 

welfare of birds (Alagawany et al., 2017). Therefore, the ideal is to provide a maximization of 358 

sensible losses, thus avoiding energy expenditure due to panting. 359 

 360 

 361 
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 Conclusions 362 

In Japanese quails kept in a controlled environment, sensible heat dissipation by 363 

convection is the main way to eliminate excess thermal energy, when the air temperature is up 364 

to 32 ºC. The results suggest that Japanese quails have a lower sensitivity to heat stress, and 365 

this phenomenon is reflected by the participation of sensible and latent heat flux. 366 
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Figure 1. Internal layout of the climate chambers and monitoring room 498 

499 



 

 

30 

 

Table 1. Percentage composition and nutritional profile of the feed 500 

Ingredient   % 

Corn Grain 7.88%  57.4 

Soybean Meal 45.22%  28.5 

Soy oil  4.54 

Limestone  7.20 

Dicalcium phosphate  1.19 

salt  0.32 

DL-Methionine  0.41 

L-Lysine  0.31 

L-Threonine  0.07 

Choline chloride  0.07 

Mineral Premix  0.05 

Posture Vitamin Premix   0.02 

Chemical composition    

Metabolizable energy (kcal/kg)  2800 

Crude protein (%)                                   18.00 

Methionine + Cysteine (%)  0.88 

Lysine (%)                                   1.08 

Threonine (%)                                  0.65 

Calcium (%)  3.09 

Available phosphorus (%)                                  0.32 

Mineral Premix per kg of feed: Mn, 60 g; Fe, 80 g; Zn, 50 g; Cu, 10 g; Co, 2 g; I, 1 g; and vehicle q.s.p., 500 501 

g.Vitamin Premix (Concentration/kg): Vit. A - 15,000,000 IU, Vit. D3 - 1,500,000 IU, Vit. E - 15,000 IU, Vit.B1 502 

- 2.0 g, it.B2 - 4.0 g, Vit B6 - 3.0 g, Vit.B12 - 0.015 g, Nicotinic acid - 25 g, Pantothenic acid - 10 g, Vit.K3 - 3.0 503 

g, Folic acid - 1.0 g, Selenium - 250 mg, and vehicle. q.s.p. - 1,000 g. 3 Ethoxyquin – 10g, and q.s.p. – 1,000g. 504 
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Table 2. Determination of air characteristics for the different temperatures evaluated (ºC). 506 

Air characteristics Equations Units 

Kinematic viscosity v = 1.32909 * 10-5 + 9*10-8 * T (m2/s) 

Density p = 1.289764 - 0.004111 * T (kg/m3) 

Thermal conductivity k = 0.024324 + 6.2909*10-5 * T (W/m °C) 

Specific heat Cp = 1005.524 + 0.033714 * T (J/kg °C) 

 507 
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Table 3. Mean and standard deviation of physiological responses of submitted Japanese 509 

quails 510 

Response variables Air temperature P-value 

 24 °C 32 °C 

Respiratory rate (mov min-1) 24.09±1.47b 27.31±1.89a <.0001 

Surface temperature (°C) 33.52±3.08b 38.34±2.09a <.0001 

Ventilation temperature (°C) 41.56±0.50b 41.85±0.21a 0.0047 

Different letters on the line differ from each other by the t test at the 5% probability level 511 
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Table 4. Mean and standard deviation of the thermal exchanges of quails submitted to 513 

comfort temperature and thermal stress. 514 

Response variable   
Air temperature  P-value 

24 °C 32 °C 

Expired air temperature, °C 32.80±0.00b 38.70±0.00a <.0001 

Convection heat loss, W m-2 79.33±23.22a 54.61±19.50b <.0001 

Radiation heat loss, W m-2 0.08±0.04a 0.02±0.03b <.0001 

Evaporative heat loss, W m-2 44.50±1.54b 51.13±2.11a <.0001 

Different letters on the line differ from each other by the t-test at the 5% probability level. 515 
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 517 

Figure 2. Participation of sensible and latent heat loss in Japanese quails in different 518 

thermal environments. 519 

 520 


