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ABSTRACT 

The effects of changes in house temperature and relative humidity (RH) and their relationship on broiler 

production indicators in a commercial system with manual control of temperature and humidity were 

evaluated. Four production cycles were analyzed (26 000 birds/cycle; 10 broilers/m2). Each cycle consisted 

of four production phases (pre-starter, starter, grower and finisher). Feed and water were provided ad 

libitum. Six samples were taken from 120 birds per cycle in each phase, and body weight and daily weight 

gain were determined, as well as feed consumption and feed conversion ratio 1, phase 1 were estimated. 

The information was analyzed under fixed effects, principal components (PC) and response surface analysis 

(RSA) models. Temperatures and humidity were different (P<0.05) between cycles within each phase. 

Temperature and humidity affected (P<0.001) the productive indicators per cycle across phases. This was 

corroborated by the PC analysis (P<0.001). Meanwhile, the optimization process of the regression 

equations showed that the best combination of temperature and relative humidity was 29 °C/31 %, 26 °C/35 

%, 25 °C/35 %, 30 °C/44 %, 14 °C/64 % y 18 °C/50 % and for weeks 1, 2, 3, 4, 5 y 6, respectively. 

Keywords: broiler, response surface analysis, temperature-humidity index. 

RESUMEN 

Se evaluaron los efectos de los cambios de temperatura y humedad relativa dentro de la caseta (DC) y su 

efecto sobre los indicadores productivos en pollo de engorda criado en un sistema comercial con control 

manual de temperaturas y humedad. Se analizaron cuatro ciclos productivos (26,000 aves/ciclo; 10 

pollos/m2). Cada ciclo comprendió cuatro fases productivas (pre-inicio, inicio, desarrollo y finalización), el 

alimento y agua se proporcionaron ad libitum. Se tomaron seis muestras de 120 aves por ciclo en cada 

fase y se determinó peso corporal y ganancia de peso diaria, se estimó el consumo de alimento e índice 

de conversión alimenticia ciclo-1 fase-1. La información se analizó bajo modelos de efectos fijos, 

componentes principales (CP) y, análisis de superficie de respuesta (ASR). Las temperaturas y humedales 

fueron diferentes (P<0.05) entre los ciclos y fases. La temperatura y la humedad afectaron (P<0.001) los 

indicadores productivos por ciclo en cada fase. Aspecto que se corroboró con el análisis de CP (P<0.001). 
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Mientras que, el ASR determinó, que, en los sistemas con control manual de temperatura y humedad, el 

proceso de optimización de las ecuaciones de regresión para el desarrollo de las aves con la mejor 

combinación de temperaturas y humedad relativa fueron: 29°C/31%, 26°C/35%, 25°C/35%, 30°C/44%, 

14°C/64% y 18°C/50% para las semanas 1, 2, 3, 4, 5 y 6, respectivamente. 

Palabras clave: pollo de engorda, análisis de superficie de respuesta, índice temperatura-humedad. 

 

 

INTRODUCTION 

Currently, advances in genetics, nutrition, health, and infrastructure have enabled rapid 

growth and productivity in the poultry industry (Hassan et al., 2022; Nilipour, 2012), which 

are linked to the development of new genetic lines. Under experimental conditions, 

broilers can reach 3.5 kg of live weight within 42 days post‑hatching. This rapid growth of 

broilers in such a short cycle implies a total feed intake of 4.6 kg/bird and a feed conversion 

ratio of 1.58 kg/kg of feed consumed (Cobb-Vantress, 2022; Aviagen, 2022). However, 

under commercial farm conditions, new broiler genetic lines face several factors that limit 

this genetic potential, including environmental factors such as temperature and internal 

humidity in the poultry house (Arantes de Sousa et al., 2016) Due to the high metabolic 

activity of broilers during their development, they are more sensitive to environmental 

changes in commercial farms (Quintana, 2020).  

The main physiological changes observed in birds under heat stress are primarily appetite 

modification (Hai et al., 2000; Song et al., 2012), changes in intestinal morphology, and 

nutrient absorption (Arantes de Sousa et al., 2016), which consequently limit broiler body 

development. The Temperature‑Humidity Index (THI) has been established as a way to 

evaluate the effects of thermal conditions on the physiological state and productive 

performance of farm animals. This indicator has been developed as a linear combination 

of dry‑bulb temperature (Tdb) and wet‑bulb temperature (Twb) for different species (Tao & 

Xin, 2003). THI is one of the most widely used thermal comfort indices, incorporating both 

temperature and relative humidity with specific weights to quantify the degree of heat 

stress in farm animals (DeShazer et al., 2009). THI equations describe the relative 

importance of Tdb and Twb in different species based on physiological parameters, heat 

generation, or productive performance. For this purpose, different specific weights have 

been proposed for various species and climatic environments (Omomowo & Falayi, 2021). 

However, few studies evaluate optimal conditions under commercial settings, and 

additionally, these indices do not indicate how the measures that compose the index 

contribute to the response variable. Response Surface Methodology (RSM) is a method 

aimed at optimizing such response and understanding the response topography, including 

local maximum, local minimum, and boundary lines, which together allow finding the 

region where the best response can occur (Pishgar-Komleh et al., 2012; Aydar, 2017). 

RSM examines whether the degree of congruence of two independent variables is related 

to a response variable through a polynomial equation (Taheri et al., 2011; Khuri, 2017;  
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Williams et al., 2019). The objective of the present study was to record temperature and 

humidity changes in the internal environment of broiler houses and to determine their 

effect on productive indicators, with the purpose of applying response surface analysis to 

identify optimal temperature and humidity values that allow optimizing productive 

performance. 

  

MATERIAL AND METHODS 

The study was conducted in a commercial broiler production system in the state of 

Michoacán, Mexico, located at 19°45' north latitude and 101°03' west longitude, at an 

altitude of 1 900 meters above sea level, with a warm subhumid climate where 

temperatures vary between 4.5 and 36.4 °C throughout the year. Four production cycles 

were evaluated during the months of January to October. The farm has an installed 

capacity to house a total of 26 000 birds per cycle (50 % males and 50 % females) at a 

density of 10 birds/m² under a semi‑controlled environment. Radiant gas brooders 

(heaters) were used as a heat source, manually programmed. Both internal temperature 

(TIC) and internal humidity (HIC) of the houses were manually controlled to adjust TIC 

and HIC according to bird age (Cobb-Vantress, 2022; Aviagen, 2022). Four production 

phases were considered: pre‑starter (1 to 7 days of age), starter (8 to 21 days of age), 

grower (22 to 35 days of age), and finisher (36 to 42 days of age). 

Commercial feed and water were provided ad libitum, according to the specific 

requirements for the genotype of the birds acquired by the system (Cobb 500®). In each 

house and production cycle, internal house temperature (°C) (TIC) and internal house 

humidity (%) (HIC) were recorded daily. TIC was recorded both with a laser thermometer 

(GB Model‑TN438L0, accuracy ±0.1 °C) and with a digital thermo‑hygrometer 

(Thermo‑hygro GB Model‑TM‑977H). A total of 120 birds (40 birds per cycle) were 

randomly selected for monitoring. Thus, at the end of each production cycle, 720 birds per 

house were used. Each bird was weighed using a digital scale (Bch‑5,000/Metrology) with 

a capacity of 5.0 ± 0.001 kg to obtain weekly body weight (kg) (BW) and daily weight gain 

(kg) (DWG). Feed intake by phase and daily mortality were also recorded. Data were 

analyzed using Pearson correlations, linear and nonlinear regression coefficients, and 

ANOVA, under the fixed‑effects model methodology (Littell et al., 2006), using the 

following model: Yᵢⱼₖₗ = µ + Cᵢ + FSⱼ + SMₖ + SXₗ + (CFSSX)ᵢⱼₗ + (CSMSX)ᵢⱼₖ + εᵢⱼₖₗ. Where: 

Yᵢⱼₖₗₘ = response variable: internal house temperature (TIC) and humidity (HIC), body 

weight (BW), daily weight gain (DWG), feed intake (FI), feed conversion ratio (FCR), and 

daily mortality (DM); µ = overall mean; Cᵢ = fixed effect of the i‑th cycle (i = 1st, 2nd, 3rd, and 

4th); FSⱼ = fixed effect of the j‑th phase (j = pre‑starter, starter, grower, finisher); SMₖ = 

fixed effect of the k‑th week (k = 1, 2, 3, 4, 5, and 6); SXₗ = fixed effect of the l‑th sex (l = 

male and female); (CFSSX)ᵢⱼₗ = interaction effect of cycle × phase × sex; (C*SM*SX)ᵢⱼₖ =  
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interaction effect of cycle × week × sex; εᵢⱼₖₗ = random error associated with each 

observation (~NID=0, σ²ₑ). 

 

Differences between sexes or cycles were tested using least squares means at α = 0.05 

(Littell et al., 2002). The collected data were analyzed using principal component analysis 

(PCA) based on the correlation matrix of the indicators, according to the selection criterion 

of components with eigenvalues greater than or equal to unity (λ ≥ 1) (Montanero, 2008; 

Torres et al., 2008) using SPSS®. For response surface analysis (Montgomery, 2002), a 

Box‑Behnken type model with 2 factors was used; TIC and HIC were selected as process 

variables on the response variable BW using MINITAB‑14®. Optimization of TIC and HIC 

values to obtain the highest body weights was performed using the SOLVER add‑in of 

Excel®, where the objective function was the equation obtained by surface analysis, and 

the decision variables were TIC and HIC. Given the nature of the analyzed variables, the 

GRG Nonlinear algorithm was used to find a local optimal solution (Muzzammil et al., 

2015).  

 

RESULTS 

Table 1 presents the least squares means for body weight (BW), daily weight gain (DWG), 

feed intake (FI), feed conversion ratio (FCR), internal house humidity (HIC), and internal 

house temperature (TIC), according to sex, phase, and production cycle. In general, 

differences among production cycles can be observed, where cycle 4 showed higher BW 

and DWG values compared to the other production cycles. Likewise, performance 

differences between females and males were also observed. 

Regarding BW, it can be observed that, except for cycle 4, the other cycles showed no 

significant differences from the pre‑starter phase through the starter phase. From the 

grower phase onward, differences in body weight among the four evaluated cycles were 

significant (P < 0.05), with cycle 4 showing the highest values; similar results were 

observed for both males and females. 

Concerning DWG, similarly to BW, the pre‑starter and starter phases in cycles 1 to 3 

showed no significant differences, except for cycle 4. In the grower and finisher phases, 

cycles 2 and 3 showed the highest values; both cycles were similar, but different from 

cycles 1 and 4. This behavior was similar for both females and males. 

Overall, differences in feed conversion were observed both by phase and among cycles. 

Likewise, differences were seen between females and males. The highest efficiency was 

observed in males during cycle 4. Overall, the cycle with the lowest efficiency was cycle 

1. 
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The response of these productive indicators appears to be related to both HIC and TIC, 

as differences between cycles were observed for both males and females. In Table 1, it 

can be observed that cycles 1 and 2 generally showed lower values compared to cycles 

3 and 4. The highest HIC values were observed in the grower and finisher phases of cycle 

4, for both females and males. 

Average TIC was found to differ (P < 0.05) in each phase and production week across 

the analyzed cycles. Regarding this, TIC during the pre‑starter phase in cycle 4 was 29.9 

± 0.15 °C under a HIC of 33.5 ± 0.58 %; these values were higher (P < 0.05) than those 

recorded in cycle 1: 24.9 ± 0.15 °C/21.3 ± 0.58 % HIC (Table 1). Table 2 shows that the 

variability in bird BW during the pre‑starter phase was explained by only two components 

(77.3 %): the first component (temperature‑feed) explained 43 % of the total variation and 

was composed of TIC and DWG (both positive) and FI (negative). The second component 

(humidity‑month) explained 34.4 % of the total variation, composed only of HIC and 

month, both with positive contributions. The correlation values between TIC and HIC (r = 

0.47) in the pre‑starter phase suggest that as TIC increases, HIC also increases (Table 

3). However, both TIC and HIC were negatively associated with FI: r = -0.95 for maximum 

temperature (Tmax)‑FI, and r = -0.23 for HIC‑FI. The association between Tmax‑DWG 

was high and positive (r = 0.85), but the association between DWG‑FI was negative (r = 

-0.88). 

In the starter phase, principal component analysis determined that three components 

explained 86 % of the variability in bird BW (Table 2). Humidity (maximum, average, and 

minimum) was the first component, accounting for 34.1 % of the total variation. The 

second component explained 32.3 % of the total variability and consisted of temperature 

(maximum, average, and minimum), which together with the first component (humidity) 

explained 66.4 % of the total variation in bird BW. The third component was composed 

only of DWG (negative, -0.99) and bird sex (positive, 0.97); however, this component 

explained only 19.7 % of the total variation. Regarding the associations among the 

variables analyzed for the starter phase (Table 3), temperature and humidity had a 20 % 

association (r = 0.20). However, the association between TIC‑DWG was high and 

negative (r = -0.59); in contrast, HIC and DWG showed a low and positive association (r 

= 0.14). The correlation between DWG and Sex was high and negative (r = -0.77). 

In the grower phase, two components were identified that explained 75 % of the variation 

(Table 2); the first, positively composed of humidity (Hmin, HIC, and Hmax) and month 

(negative), as well as Tmax and FI (negative), explained 37.9 % of the total variation in 

bird BW. The second component, composed of temperature and DWG, explained 37.6 % 

of the total variation. 
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Unlike the previous phase, both increases and decreases in humidity were directly 

correlated with temperature: r = 0.99 (Tmin‑Hmax) and r = -0.87 (Tmax‑Hmax) (Table 3). 

Similarly, high correlations were found between HIC‑FI (r = -0.83), Tmax‑FI (r = 0.72), 

and Tmin‑FI (r = -0.83). The association between humidity and DWG showed a positive 

and high correlation (r = 0.53); while the associations between temperatures and DWG 

were: r = -0.37 (Tmax‑DWG) and r = 0.56 (Tmin‑DWG). 

In the finisher phase, according to principal component analysis, the variables grouped 

into two components. Unlike the previous phases, the first component explained more 

than half (55.1 %) of the total variation. This component was positively composed of 

humidity (minimum, average, and maximum) and evaluation period (month), and 

negatively by FI, Tmax, and average temperature (Table 2). The second component 

consisted of Tmin and DWG, both positive; it explained 18.4 % of the total variation. 

Among the variables mentioned in the first component, the correlations between HIC‑TIC 

(r = -0.86), FI‑Tmax (r = 0.94), and FI‑Hmax (r = -0.99) stood out, as well as correlations 

between Tmin‑DWG (r = 0.62) and, finally, the correlation between Hmax‑DWG (r = -

0.16), which was negative and low (Table 3). 

The optimization of TIC and HIC values according to the equations obtained by response 

surface analysis, solved by the GRG algorithm that maximized weekly body weight, is 

shown in Table 5. The change in the relationship between TIC and HIC values in each 

week of age can be observed, indicating that from the fourth week of age onward, the 

temperature demand decreases; however, the HIC value has a correspondence, where 

temperatures between 25 and 29.6 °C require HIC between 31 and 44 %. In the fifth 

week, with temperatures between 14 °C and 18 °C, HIC between 50 and 64 % is required, 

suggesting optimal BW values of 0.160, 0.395, 0.773, 1.263, 2.016, and 2.552 kg for 

weeks 1, 2, 3, 4, 5, and 6, respectively. 
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Table 1. Least squares means for productive indicators, internal house temperature (TIC), and 

internal house humidity (HIC) according to production cycle and phase 

Evaluation 

cycle 

Males Females 

Weekly production phase Weekly production phase 

Pre‑starter Starter Grower Finisher Pre‑starter Starter Grower Finisher 

1(D7) 3(D21) 5 (D35) 6(D42) 1(D7) 3(D21) 5 (D35) 6(D42) 

 Body weight (kg) 

C.1 0.137ª 0.781ª 1.768ª 2.371ª 0.137ª 0.710ª 1.597ª 2.013ª 

C.2 0.134ª 0.763ª 1.857b 2.539b 0.131ª 0.724ª 1.751b 2.405b 

C.3 0.130ª 0.775ª 1.953c 2.657d 0.140b 0.729ª 1.804c 2.481c 

C.4 0.167b 0.809b 1.950d 2.629d 0.149c 0.727ª 1.752b 2.326d 

S.E. 0.021 0.012 0.011 0.009 0.021 0.012 0.011 0.009 

 Daily weight gain (g) 

C.1 14ª 60ª 85ª 86ª 14ª 49ª 78ª 60ª 

C.2 14ª 56ª 93b 97b 13ª 54b 84b 93b 

C.3 13ª 58ª 95b 100b 14ª 53b 84b 97b 

C.4 18b 53b 88ª 87c 15ª 51ª 79ª 82c 

S.E. 0.003 0.002 0.001 0.001 0.003 0.002 0.001 0.001 

 Feed conversion ratio (kg/kg) 

C.1 1.680ª 1.597ª 1.597ª 2.019ª 1.146ª 1.410ª 1.865ª 2.348ª 

C.2 1.568b 1.503ª 1.503b 1.815b 1.077b 1.334b 1.675b 1.916b 

C.3 1.772c 1.500ª 1.500b 1.755c 1.100b 1.389b 1.679b 1.883c 

C.4 1.190d 1.375b 1.375c 1.663c 0.933c 1.328b 1.621b 1.885c 

S.E. 0.087 0.050 0.039 0.036 0.087 0.050 0.039 0.036 

 Feed intake (kg) 

C.1 0.157 1.194 3.199 4.931 0.157 1.130 2.978 4.484 

C.2 0.152 1.077 3.151 4.839 0.141 1.039 2.933 4.389 

C.3 0.156 1.102 3.253 4.996 0.154 1.016 3.028 4.355 

C.4 0.148 1.044 3.050 4.688 0.139 0.965 2.939 4.087 

S.E. - - - - - - - - 

 Internal house humidity (%) 

C.1 21.3ª 25.4ª 31.6ª 38.1ª 25.2ª 34.7ª 35.9ª 42.1ª 

C.2 21.4ª 24.8ª 41.2b 42.2b 25.5ª 35.5ª 43.5b 44.6b 

C.3 42.9b 46.7b 44.9b 47.0c 43.1b 46.6b 44.7c 44.6b 

C.4 31.6c 36.4c 61.9c 58.9d 33.5c 40.0c 62.0d 58.5c 

S.E. 0.58 0.33 0.26 0.24 0.58 0.33 0.26 0.24 

 Internal house temperature (TIC, °C) 

C.1 24.4ª 23.0a 23.0a 22.2ª 24.9a 24.1a 22.6a 22.2a 

C.2 26.9b 26.6b 24.3b 23.5b 29.2b 28.0b 24.7b 23.4b 

C.3 26.6c 25.5c 23.9c 21.9ª 26.5c 26.3c 24.2c 21.8c 

C.4 29.4d 25.4c 23.4d 20.9c 29.8d 25.6d 23.8d 21.4d 

S.E. 0.07 0.06 0.03 0.05 0.10 0.08 0.05 0.06 
a, b, c, d = differ significantly (P < 0.05) within column by sex; S.E. = Standard error; * = Approximate value obtained from total feed 

consumption of 26 000 broilers (50% males, 50% females) per house and production phase 
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Table 2. Variables comprising each of the principal components in the pre‑starter, starter, grower, 

and finisher phases 

Pre‑starter 

Component Variables Contribution value 
% 

Variation 
Total variance (%) 

I Average TIC 0.93 43.0 77.3 
 

Maximum temperature 0.92 
  

 
Feed intake -0.91 

  

 
Minimum temperature 0.89 

  

 
Daily weight gain 0.84 

  

II Average HIC 0.99 34.4 
 

 
Minimum humidity 0.99 

  

 
Maximum humidity 0.99 

  

 
Month (period) 0.76 

  

 

Starter 

Component Variables Contribution value 
% 

Variation 
Total variance (%) 

I Maximum temperature 0.96 34.1 86.1 
 

Average HIC 0.96 
  

 
Minimum humidity 0.93 

  

 
Months 0.84 

  

II Average TIC 0.98 32.3 
 

 
Maximum temperature 0.97 

  

 
Minimum temperature 0.91 

  

III Daily weight gain -0.99 19.7  

 Sex 0.97   
 

Grower 

Component Variables Contribution value 
% 

Variation 
Total variance (%) 

I Maximum temperature -0.89 37.9 75.5 
 

Maximum humidity 0.87 
  

 
Mean humidity 0.84 

  

 
Minimum temperature 0.80 

  

 
Months 0.71 

  

 
Feed intake -0.71 

  

II Maximum temperature 0.92 37.6 
 

 
Minimum temperature 0.90 

  

 
Daily weight gain 0.86 

  

 
Daily mortality -0.73 

  

 

Finisher 

Component Variables Contribution value 
% 

Variation 
Total variance (%) 

I Feed intake -0.98 55.1 73.5 
 

Maximum temperature -0.95 
  

 
Mean humidity 0.94 

  

 
Months 0.92 

  

 
Minimum temperature 0.88 

  

 
Mean temperature -0.88 

  

 
Maximum humidity 0.87 

  

II Minimum temperature 0.97 18.4  
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Table 3. Correlations of transformed variables within principal components in the pre‑starter, 

starter, grower, and finisher phases 

Pre‑starter  Starter 

 Month DWG maxT minT TIC maxH minH HIC FI 

Month 1         

DWG 0.90 1        

maxT 0.96 0.85 1       

minT 0.81 0.65 0.93 1      

TIC 0.81 0.65 0.93 1.00 1     

maxH 0.39 0.25 0.46 0.47 0.47 1    

minH 0.39 0.25 0.46 0.47 0.47 1.00 1   

HIC 0.39 0.25 0.46 0.47 0.47 1.00 1.00 1  

FI -0.95 -0.88 -0.95 -0.84 -0.84 -0.23 -0.23 -0.23 1 
 

  Months Sex DWG maxT minT TIC maxH minH HIC 

Month 1         

Sex 0 1        

DWG -0.15 0.78 1       

maxT 0.97 0.11 -0.29 1      

minT 0.89 0.26 -0.40 0.91 1     

TIC 0.87 0.41 -0.59 0.92 0.96 1    

maxH 0.38 0.08 0.16 0.29 0.24 0.20 1   

minH 0.33 0.01 0.15 0.25 0.21 0.17 0.99 1  

HIC 0.36 0.03 0.14 0.28 0.24 0.20 0.99 0.99 1 
 

   

Grower  Finisher 

 Month DWG maxT minT TIC maxH minH HIC Md FI 

Month 1          

DWG 0.53 1         

maxT -0.85 -0.37 1        

minT 1.00 0.56 -0.82 1       

TIC 0.32 0.86 -0.01 0.36 1      

maxH 0.98 0.39 -0.87 0.99 0.16 1     

minH 1.00 0.53 -0.85 0.95 0.32 0.98 1    

HIC 0.97 0.32 -0.79 0.96 0.16 0.99 0.97 1   

Md -0.85 -0.51 0.68 -0.84 -0.30 -0.84 -0.85 .-0.85 1  

FI -0.83 -0.26 0.72 -0.83 -0.13 -0.85 -0.83 -0.83 0.45 1 
 

  Month DWG maxT minT TIC maxH Hmin HIC FI 

Month 1         

DWG -0.14 1        

maxT -0.94 -0.10 1       

minT -0.44 0.62 0.34 1      

TIC -0.84 0.04 0.87 0.58 1     

maxH 0.99 -0.16 -0.95 -0.44 -0.85 1    

minH 1.00 -0.17 -0.93 -0.43 -0.81 0.99 1   

HIC 0.98 -0.09 -0.97 -0.41 -0.86 1.00 0.99 1  

FI -1.00 0.14 0.94 0.44 0.84 -0.99 -0.96 -0.98 1 
 

 

The results of the response surface analysis (Table 4) determined that the variables most affecting 

broiler development were TIC (P < 0.001) and, with a tendency, HIC (P = 0.06). Likewise, it was 

observed that the first three weeks of age had a negative effect on broiler development, which 

could be related to a slow growth phase, followed by an accelerated growth phase from week 4 

of age onward. When considering the interaction of TIC with week, it was observed that this 

relationship was positive from weeks 1 to 4, and subsequently negative. However, in the case of 

the interaction of HIC with week, an inverted pattern was observed, negative during the first three 

weeks of age. 

DISCUSSION 

The optimal body weight values in broilers identified by the polynomial equations obtained 

from the response surface analysis, estimated for each stage of broiler development, 

evidenced quadratic surfaces during the first four weeks. Sánchez-Chiprés et al. (2021) 

indicate that the ideal temperature for broilers is in the range of 18 to 21 °C for optimal 

weight gain; however, they also emphasize that the thermal comfort temperature of birds 

changes as they grow, depending on the development of their thermoregulatory system. 
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Table 4. Coefficients of the factors considered for the response surface design 

Term Effect Coef SE Coef. T‑Value P‑Value VIF 

Constante 
 

1.13304 0.00413 274.45 0.000  

TIC -0.0838 -0.0419 0.0118 -3.56 0.000 5.00 

HIC -0.0192 -0.0096 0.00510 -1.88 0.060 1.82 

Week 
     

 

1 -2.00083 -1.00041 0.00775 -129.02 0.000 6.44 

2 -1.49180 -0.74590 0.00712 -104.71 0.000 5.44 

3 -0.73946 -0.36973 0.00614 -60.20 0.000 4.04 

4 0.21773 0.10886 0.00575 18.94 0.000 3.54 

5 1.35619 0.67809 0.00739 91.78 0.000 5.85 

6 2.6582 1.3291 0.0112 118.94 0.000 * 

TIC*TIC -0.1862 -0.0931 0.0393 -2.37 0.018 13.57 

HIC*HIC -0.1667 -0.0833 0.0138 -6.02 0.000 5.24 

TIC*HIC -0.1408 -0.0704 0.0335 -2.10 0.036 8.57 

TIC*Week 
     

 

1 0.1996 0.0998 0.0370 2.70 0.007 25.48 

2 0.0843 0.0422 0.0293 1.44 0.151 11.78 

3 0.0256 0.0128 0.0247 0.52 0.604 7.90 

4 0.3225 0.1613 0.0315 5.12 0.000 11.85 

5 -0.3696 -0.1848 0.0358 -5.17 0.000 19.30 

6 -0.2624 -0.1312 0.0467 -2.81 0.005 * 

HIC*Week 
     

 

1 -0.0763 -0.0381 0.0175 -2.18 0.029 7.41 

2 -0.0685 -0.0342 0.0142 -2.41 0.016 4.03 

3 -0.0933 -0.0467 0.0134 -3.49 0.000 3.18 

4 0.1347 0.0673 0.0116 5.78 0.000 2.38 

5 0.1170 0.0585 0.0160 3.66 0.000 6.99 

6 -0.0136 -0.0068 0.0207 -0.33 0.743 * 

 

Therefore, in the first days, birds require an environmental temperature between 30–33 
°C; later, in the fifth week, the optimal temperature is 22 °C, and in the sixth week, the 
optimal temperature ranges between 18–20 °C. In the case of the present study, the 
temperatures reached in the houses were 1–2 °C above the values already indicated as 
optimal; however, the humidity ranges in our study were within the limits (minimum and 
maximum) indicated by these authors, between 55 and 70 %, respectively. Cassuce et al. 
(2013) conducted a study with 600 COBB birds, which were distributed in five growth 
chambers maintained at different temperatures during the first three weeks of age. Using 
linear regression models, they concluded that the highest weight gains for broiler growth 
occurred at 31.3, 25.5, and 21.8 °C for the first, second, and third weeks of age, 
respectively. Likewise, these authors indicate that for temperate climates, various 
temperature ranges are considered optimal; however, for countries with tropical and 
subtropical climates, such as Brazil, the optimal ranges are considered 33–32 °C for the 
first week, 32–28 °C for the second, 28–26 °C for the third, 26–24 °C for the fourth, 18–
24 °C for the fifth, and 18–24 °C for the sixth week of age, values that differ from those 
determined as optimal in our study (Table 5). 
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Table 5. Optimum TIC and HIC values for maximum BW using the regression equations generated 

by response surface analysis for each week of broiler age 

Week TIC (°C)* HIC (%)* BW (kg)* Regression equation in uncoded units by week of age 

1 28.82 31.28 0.160  -1.977 + 0.1228 TIC + 0.02348 HIC - 0.001886 TIC*TIC - 0.000168 HIC*HIC - 0.000450 TIC*HIC 

2 26.16 35.38 0.395 -1.523 + 0.1146 TIC + 0.02366 HIC - 0.001886 TIC*TIC - 0.000168 HIC*HIC - 0.000450 TIC*HIC 

3 25.07 35.17 0.773 -1.017 + 0.1104 TIC + 0.02310 HIC - 0.001886 TIC*TIC - 0.000168 HIC*HIC - 0.000450 TIC*HIC 

4 29.60 44.35 1.283 -1.290 + 0.1316 TIC + 0.02822 HIC - 0.001886 TIC*TIC - 0.000168 HIC*HIC - 0.000450 TIC*HIC 

5 14.21 63.80 2.016 0.544 + 0.0823 TIC + 0.02783 HIC - 0.001886 TIC*TIC - 0.000168 HIC*HIC - 0.000450 TIC*HIC 

6 17.85 50.17 2.552 1.125 0.0899 TIC + 0.02489 HIC - 0.001886 TIC*TIC - 0.000168 HIC*HIC- 0.000450 TIC*HIC 

*Values obtained by optimization of the response surface regression equations using the GRG algorithm of Solver® 

Ogunlowo et al. (2024) indicate that the optimal relative humidity range for broilers after 
rearing is between 50 and 70 %. In this regard, Jongbo (2024) highlights that values above 
75 % can induce heat stress in birds. The values reported as optimal are higher than those 
observed in the present study, as well as those identified as optimal. In the results 
obtained in the present study, the highest body weights were recorded in cycle 4, where 

HIC increased as bird age advanced: from 31 % (pre‑starter phase) to 62 % (grower 
phase), and then remained at 58 % (finisher phase). However, the highest daily weight 
gain was found in cycle 3, in which HIC remained almost constant throughout the different 
production phases (between 42 and 46 % humidity). 

 

CONCLUSIONS 

The results demonstrate a significant and non‑linear interaction between temperature and 
relative humidity, describing a quadratic relationship that allowed the identification of 
optimal values to maximize broiler body weight, depending on bird age. Response surface 
analysis enabled the estimation of specific combinations of both environmental variables 
under real commercial conditions. It is confirmed that their joint adjustment explains a 
substantial part of the productive variability and constitutes an applicable tool for 
optimizing environmental management and productive performance in commercial 
systems. 
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