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Abstract 

The increasing global demand for animal protein has driven the broiler industry to optimize production systems and better understand 

limiting factors affecting performance. This study evaluated four different heating systems to determine their correlation with climatic 

variables, zootechnical performance, pellet fuel consumption, and energy usage. Data were obtained from a private broiler integration 

company in Southwest Paraná, Brazil, specializing in the griller broiler category. The study covered a 28-day housing period for 12 flocks 

(both male and female), each consisting of approximately 120,000 birds, for 28 days. The analyzed variables included indoor and outdoor 

environmental temperature, relative air humidity, carbon dioxide (CO₂) concentration inside the poultry houses, feed conversion ratio, 

weight gain, pellet fuel consumption, and energy consumption. Statistical analyses were performed using descriptive statistics and Principal 

Component Analysis (PCA) in R software. Results indicated that correlations among variables were generally weak. However, environmental 

conditions had the greatest influence on broiler performance. The first principal component explained 74.1% of the total variance, with 

minimum CO₂ concentration, external temperature, minimum and maximum internal temperature, and pellet fuel consumption being key 

contributing factors. The second principal component included maximum CO₂ concentration, weight gain, and minimum internal and 

external relative humidity. Among the evaluated heating systems, the fourth machine tested exhibited the lowest pellet fuel consumption 

while maintaining satisfactory weight gain and feed conversion rate despite its relatively high energy consumption. These findings suggest 

that temperature control and pellet fuel consumption are critical factors in optimizing broiler production efficiency, ultimately contributing 

to improved growth performance and resource utilization. 
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1. Introduction 

Brazil is one of the countries with the largest poultry 

production in the world and one of the primary 

sources of relevant information regarding broilers' 

thermal comfort in tropical climates. However, there 

is a lack of information regarding the energy con-

sumption efficiency of different animal welfare heat-

ing/ventilation/cooling systems. Broiler production 

is one of the leading agricultural activities devel-

oped in Brazil, with significant consumption of pro-

duction inputs, such as energy, grains, and labor 

force. In 2020, Brazil produced 13.845 million tons 

of broiler meat. Of this production, 69% were des-

tined for internal market and 31% for exportation 

(ABPA, 2020).  

The efficient production performance of a broiler 

flock is affected by ambient temperature, humidity, 

heating or cooling system, and the environment of 

the broiler house. These factors may be critical in 

tropical and subtropical areas. Researchers have 

shown that cold stress significantly influences the 

health, welfare, and production performance of 

animals in the coldest regions of the world (Li et al., 

2006; Choi et al., 2012), the same way heat stress 

influences broiler's immune system functioning 

(Apalowo et al., 2024), nutrition due to lower food 

intake (Sgavioli et al., 2023; Apalowo et al., 2024), 

and egg production (Sesay, 2022). Thus, it is funda-

mental to integrate adaptive solutions, genomic 
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selection, and sustainable approaches to ensure the 

welfare of broilers inside growing installations. 

Regarding the expenses involved in the poultry sec-

tor in Paraná state, Brazil, housing sheds equipped 

with positive pressure air conditioning have an av-

erage production cost of R$ 4.89 per kilogram of 

live broiler produced. The costs of producing broiler 

meat fluctuate from the world economy, reaching a 

6.89% increase in just one month. Many production 

costs are related to energy use, directly interfering 

with the adequate provision of the environmental 

well-being of broilers (EMBRAPA, 2021). Given this 

scenario, machines with efficient and cheaper heat 

sources are being tested and used to maintain or 

improve production at a reduced cost.  

A promising alternative is heating machines that use 

pellets as energy sources since they are a low-cost 

material. Pellets are biofuels derived from organic 

matter from forest cleaning and waste and leftovers 

from the wood industries. In addition, pellets repre-

sent an attractive energy source since they do not 

need specialized labor, so they have been classified 

as a renewable energy source and an ecologically 

correct option. Among some advantages of using 

pellets, particularly more precise control of the tem-

perature in the broiler housing, there is lower emis-

sion of odor from wood burning and reduced 

maintenance of the machines as they are not built 

with reinforced iron structures, unlike a wood-fired 

machine (Ismail et al., 2023; Pełka et al., 2023). 

Therefore, this study aimed to evaluate the influ-

ence of different heating machines concerning the 

thermal comfort and productive performance of 

broilers placed in the housing shed. 

2. Methodology 
 

Animals and Husbandry 
 

The study was conducted by analyzing the data-

base of an integrator company in the Southwest of 

Paraná, Brazil, with Köppen-Geiger Cfa climate clas-

sification (Humid subtropical climate) (Alvares et al., 

2013). There were evaluated 28 days-old broilers 

(griller category for exportation) with a live weight 

of around 1.400 kg, both males and females, from 

the linages Male TM4 (M TM4), Female TM4 (F 

TM4), Female Coob (F COOB), Female AP95 (F 

AP95), Female Ross TM4 (F Ross TM4). Environ-

mental data was obtained from a meteorological 

station located at the Universidade Tecnológica 

Federal do Paraná (UTFPR) Dois Vizinhos campus in 

Paraná, Brazil, as it is the closest available station to 

the location of the evaluated broiler houses. 

Automatic curtains, evaporative plates, inlets, and 

exhaust fans controlled the thermal balance inside 

the housing sheds. Feeding was done by automatic 

feeders and drinkers every 25 m, with two silos for 

each housing shed supplied by the integrating 

company, and the water comes from an artesian 

well. The sanitary interval took place for 12 to 15 

days. Lightening followed the standardized pro-

gram of the integrating company. Each housing was 

equipped with two heating machines (Figure 1). 

House 1 had two heating machines 1 (Mach1A and 

Mach1B), house 2 had two heating machines 2 

(Mach2A and Mach2B), house 3 had two heating 

machines 3 (Mach3A and Mach3B), and house 4 

had two heating machines 4 (Mach4A and Mach4B) 

(Table 1).  

 

Table 1 

Description of components and dimensions of the heating machines evaluated in this study, made available by the suppliers 
 

Machines Description 

Machine 1 

(Mach1) 

Dimensions: 2.50 m x 2.55 m x 1.85 m (LxWxH) with the door closed. 

Silo capacity: 400 kg. 

Components: 1 stoker 0.75 hp; 1 geared motor 1/15 hp; 1 engine of 3 or 4 hp. 

Minimum dimensions to shelter the heating machine: 6.0 m x 3.0 m x 2.5 m (LxWxH). 

Minimum door size: 1.80 m x 2.20 m (WxH). 

Machine 2 

(Mach2) 

Dimensions: 5.0 m x 1.40 m x 1.98 m (LxWxH) 

Silo capacity: 1 m³ or 2 m³. 

Components: 1 stoker of 0.5 hp and 1 of 0.25 hp; 1 engine of 3 hp; 1 geared engine of 0.5 hp; 1 helicoid of 1.5 hp; 

1 underground hopper with screw feeder. 

Minimum dimensions to shelter the heating machine: 10.0 m x 4.0 m x 2.8 m (LxWxH). 

Minimum door size: 1.80 m x 2.20 m (WxH). 

Machine 3 

(Mach3) 

Dimensions: 1.7 m x 2.0 m x 1.43 m (LxWxH) 

Silo capacity: 1.6 m³ to 3 m³. 

Components: 1 high-performance engine of 3 hp; 1 electric engine of 1.5 hp and 24 h autonomy; effective flow of 

18,000 m³h-1. 

Dimensions of the supplier: 1.25 m x 1.84 m x 1.25 m (LxWxH). 

Machine 4 

(Mach4) 

Dimensions: 3.70 m x 2.20 m x 1.25 m (LxWxH) 

Silo capacity: 200 kg (autonomy of 8 h). 

Components: 2 engines of 4 hp; 1 stoker of 0.75 hp; 1 stoker for pellets of 0.75 hp; refrigerated tubular grilles; 1 

furnace holding 1.2 m firewood. 

Minimum dimensions to shelter the heating machine: 6.0 m x 3.50 m x 2.40 m (LxWxH). 

Minimum door size: 0.44 m in diameter. 
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Figure 1. Aerial view of the locations of the housing sheds and 

disposition of heating machines. 

 

Data assessment and analysis 

The database comprised data between August 2019 

and July 2020 and contained the following infor-

mation: internal minimum and maximum relative air 

humidity (IRHmin and IRHmax, respectively, in %) 

measured daily through probes located inside the 

housing shed; internal minimum and maximum 

temperature (ITmin and ITmax, respectively, in °C) 

measured daily through probes located inside the 

housing shed; internal minimum and maximum car-

bon dioxide levels (CO2min and CO2max, respec-

tively, in ppm) measured daily using probes located 

inside the houses; external relative air humidity 

(ERH, in %) measured daily by the UTFPR-DV me-

teorological station; external temperature (ET, in °C) 

measured daily at the UTFPR-DV meteorological 

station. For air temperature and relative humidity 

collections, dual internal and external thermo-

hygrometer sensors from Akso brand and model 

AK29 were used; for CO2 collections, sensors from 

the Impact brand, model Datalogger IP-2000C 

were used. 

The birds' performance were: weight gain (WG, in 

kg) carried out weekly; feed conversion (FC, kgC 

kgW-1, kilogram of dry food consumed, kgC, per 

kilogram of weight gain, kgW) obtained at the end 

of the batch; energy consumption (EC, in kWh) ob-

tained at the end of the batch; pellet consumption 

(PC, in kg), which is the average pellet consumption 

of the two machines (Machi A and B) in each 

housing shed, measured daily. 

Data was recorded daily and weekly from four 

housing sheds with equivalent dimensions, facilities, 

and equipment. The collected data was subjected 

to statistical analyses, including analysis of variance 

(ANOVA) and Tukey's test to compare means (p < 

0.05). This allowed for assessing significant differ-

ences in the response variables across the different 

housing sheds. Furthermore, a Principal Compo-

nent Analysis (PCA) was performed to gain insights 

into the data with many response variables. The 

PCA helped reduce the data's dimensionality and 

identify patterns and relationships among the vari-

ables, providing a comprehensive understanding of 

the dataset. The scree plot was used to visually 

assess how much total variance is explained by each 

principal component. This approach helps decide 

how many components are necessary to capture 

substantial information in the original data 

(Ledesma et al., 2015). Scree plot is a diagnostic tool 

in PCA, aiding in the interpretation and dimension-

ality reduction of complex datasets, thus making it 

easier to visualize and analyze high-dimensional 

data (Silva et al., 2020; Zhang & Tong, 2020). All 

statistical analyses, including ANOVA, Tukey's test, 

and PCA, were conducted using R statistical soft-

ware (R Core Team, 2024). 

 
3. Results and discussion 
 

Descriptive analysis 
 

Environmental conditions from the minimum and 

maximum relative air humidity (IRHmin and 

IRHmax, respectively), indoor minimum and maxi-

mum temperature (ITmin and ITmax, respectively), 

outdoor relative air humidity (ERH), and outdoor 

temperature (ET) are shown in Figure 2. IRHmin 

ranged from 54.2% to 62.1%, ITmin ranged from 

26.3 ºC to 26.7 ºC, ITmax from 31.9 ºC to 32.5 ºC, 

ERH remained steady at 70.6%, and ET from 21.4 ºC 

to 21.8 ºC. IRHmax was the only environmental 

variable that differed, ranging from 79.8% to 91%, 

with Mach1 and Mach4 having higher values (91% 

and 88.6%, respectively).  

Relative air humidity greatly influences the broiler's 

welfare during broiler husbandry (Xiong et al., 

2017). Ideally, internal relative air humidity indoors 

should be kept within 50% to 70% or 80% (Czarick 

& Fairchild, 2012; Kanjilal et al., 2014).  
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Figure 2. Means of the variables (A) IRHmin (minimum indoor relative air humidity), (B) IRHmax (maximum indoor relative air humidity), (C) 

ITmin (minimum indoor temperature), (D) ITmax (maximum indoor temperature), (E) ERH (outdoor relative air humidity), and (F) ET (outdoor 

temperature). Treatments differ significantly by Tukey's test (p < 0.05) when followed by different letters. 

 

In the current study, Mach1 was shown to have 

average values of IRHmin according to the 

literature, but the highest one for IRHmax did not 

differ (p>0.05) from Mach4 in the latest. Mach2 was 

shown to have the lowest value for IRHmin, which 

reflected a better control when compared to Mach1, 

and the second lowest for IRHmax, not differing 

from Mach3 and Mach4 in the latest. Mach3 

displayed the best control of IRHmax, while Mach4 

displayed a low performance on IRHmax, not differ-

ing from Mach1 (Figure 2). As expected, outdoor 

relative air humidity (ERH) did not vary significantly 

since all housing sheds are on the same property 

and were evaluated during the same period (Figure 

2). IRHmin was within the minimum recommended 

values for all the machines tested. However, IRHmax 

was registered above the recommended limit for 

Mach1 (91%), Mach4 (88.6%), and Mach2 (83.7%), 

with only Mach3 within the range (79.8%) (Figure 2). 

Relative air humidity can be directly correlated with 

infectious diseases, growth, and production, and 

along with temperature, it is correlated with animal 
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stress (Jones et al., 2005; Line, 2006; Xiong et al., 

2017). Thus, Mach3 was the only one maintaining 

stable optimal conditions in the housing shed. 

The second most critical variable in broiler hus-

bandry is temperature. The average comfort zone 

is 15 °C to 25 °C (El Boushy & Van Marle, 1978). 

Stress by temperature can be life-threatening in 

addition to poor performance (Bendheim et al., 

1992; Shlosberg et al., 1992; Zhang et al., 2012; 

Chand et al., 2016; Rehman et al., 2018). The indoor 

temperatures of the housing sheds (ITmin and 

ITmax) were well controlled by all the machines 

tested. In this study, ET, ITmin, and ITmax did not 

vary significantly, as expected, since all housing 

sheds are on the same property and were evaluated 

during the same period (Figure 2). The machines 

tested had a similar performance in maintaining 

stable internal temperatures. As artificial heating is 

not used during the whole husbandry period (only 

when broilers are younger or during cold seasons), 

it was observed that temperatures varied between 

26.3 ºC and 32.5 ºC for the 28 days of husbandry, 

being inside the comfort zone preconized by 

Cassuce et al. (2013) of 23.2 °C to 31.3 °C between 

the first and third week. In addition, the lowest ITmax 

in this study showed that the lower the temperature, 

the higher the feed intake (Figure 2). 

Figure 3 shows the zootechnical variables compris-

ing weight gain (WG) and feed conversion (FC). No 

significant difference was observed for WG, which 

remained steady at 0.7 kg. FC was the only zootech-

nical variable that varied significantly with Mach3, 

Mach2, and Mach3 with the highest values (1,536.7 

kgC kgW-1, 1,502.3 kgC kgW-1 and 1,493.6 kgC kgW-1, 

respectively). 

The two most important measures for poultry 

productivity are average live weight and feed con-

version, which directly influence production costs. 

Feed conversion (FC) directly influences the renta-

bility of broiler production since it is affected by the 

amount of dry food consumed by the broiler me-

tabolism, subsequently negatively impacting broil-

ers' performance (Hurnik et al., 1977). This parame-

ter directly correlates with the broiler's dry food 

consumption and weight gain. Mach1 resulted in 

the second highest WG average but without signif-

icant difference from the other machines tested. 

This is also reflected in the high value for FC, which 

did not differ significantly from Mach2 and Mach3. 

Mach2 had the lowest average for WG and the 

second lowest for FC, with no difference between 

Mach1 and Mach3 (Figure 3). In addition, Mach3 

presented the lowest energy consumption (EC), 

which led to the lowest FC with the lesser energy 

consumption. Mach3 presented the lowest value for 

FC on top of the highest value for EC, which resulted 

in the best FC but at the expense of high energy 

consumption (Figures 3 and 4, respectively). Both 

FC and WG suffer from the direct influence of envi-

ronmental conditions. Thus, broiler growth and per-

formance are favored under optimal husbandry 

conditions. After evaluating different heating sys-

tems by the first week of growth, it was observed 

that dry food consumption was the same for all sys-

tems tested by Cordeiro et al. (2011). However, feed 

conversion differed, proving that heating systems 

directly influence broiler performance. In this study, 

Machines 4, 2, and 1 obtained the lowest values 

(1,478.7, 1,493.6, and 1,502.3 kgC kgW-1, respec-

tively), not differing significantly among each other 

(Figure 3). 

 

 
 

Figure 3. Means of the variables (A) WG (weight gain) and (B) FC 

(feed conversion). Treatments differ significantly by Tukey's test (p 

< 0.05) when followed by different letters. 

 

The final objective of poultry production is to ensure 

the broiler's weight gain, which is especially 

important in the griller category, where birds must 

be slaughtered with a whole carcass between 1.3 to 

1.5 kg destined for exportation (Barbosa Filho et al., 

2017). Broilers in the griller category must gain at 

least 51 g per day for 29 days to achieve around 1.5 

kg at the time of slaughter (Butcher and Nilipour, 

2005).  
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Figure 4. Means of the variables (A) CO2min (minimum indoor carbon dioxide level), (B) CO2max (maximum indoor carbon dioxide level), 

(C) PC (pellet consumption), and (D) EC (energy consumption). Treatments differ significantly by Tukey's test (p < 0.05) when followed by 

different letters. 
 

In this study, the broilers gained an average of 0.670 

g to 0.685 g weekly, above the established refer-

ence, with all machines being considered equivalent 

for WG. Thus, Mach4 showed the best results re-

garding the zootechnical variables once it resulted 

in the lowest FC value and the second highest WG 

(Figure 3). This result shows that a high value for 

weight gain can be obtained with low dry food 

consumption, which shows this machine's efficiency. 

The variables for machine efficiency composed of 

minimum and maximum indoor carbon dioxide 

levels (CO2min and CO2max, respectively), pellet 

consumption (PC), and energy consumption (EC) 

are presented in Figure 4. No difference was 

observed in CO2min, with values ranging from 536 

ppm to 618.7 ppm, nor for PC, which ranged from 

359.2 kg to 475.4 kg. CO2max varied significantly 

with Mach4, Mach2, and Mach3 with the highest 

values (2,152.2 ppm, 1,911.5 ppm, and 1,882.6 ppm, 

respectively), so did EC with Mach2, Mach4, and 

Mach1 at 3,144.3 kWh, 2,880.2 kWh, and 2,870.7 

kWh, respectively.  

Carbon dioxide (CO2) is a harmful gas for animals in 

high concentrations. Its levels vary according to the 

broiler's stocking density, age, activity, type of feed, 

consumption rate and temperature, ventilation 

efficiency, and use of open-flame heating machines 

(Reece & Lott, 1980; Yasmeen et al., 2019). The 

registered CO2 levels frequently exceed 3,000 ppm 

due to heating systems during cold seasons or re-

duced ventilation for lesser energy consumption to 

heat the housing shed (Olanrewaju et al., 2008). 

However, the observed CO2 concentrations aver-

aged 884 ppm. This value falls within the estab-

lished safety parameters. Wathes (1999) stipulates a 

maximum continuous exposure limit of 3,000 ppm 

for avian environments. Similarly, the Humane Farm 

Animal Care (HFAC, 2009) guidelines mandate that 

CO2 levels remain below 3,000 ppm, with an abso-

lute upper threshold of 5,000 ppm. The recorded 

884 ppm is consistent with the CO2 standard set 

forth by Cobb Vantress (2021), which also specifies 

a limit of 3,000 ppm. 

Mach1 was also shown to have the best control for 

CO2 concentration inside the housing shed 

(CO2min and CO2max) (Figure 4). Mach2 also had 

the second lowest value for CO2min but one of the 

highest for CO2max, not differing significantly from 

Mach3 and Mach4. Mach3 displayed the best 

control of IRHmax and the second lowest value for 

CO2max, not differing from Mach2 for both 

variables (p>0.05). Mach4 had the highest value for 

CO2max; however, it did not differ from Mach2 and 

Mach3. Values in this study for CO2min did not differ 
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within the machines tested, while CO2max did with 

values that did not exceed the 3,000 ppm limit 

standardized (COBB, 2021). Also, the highest value 

for CO2max did not reflect the lowest value for WG 

but for FC, while the lowest value for CO2max re-

flected the highest value for WG but not for FC 

(Figures 3 and 4). The CO2 concentrations found in 

the present study showed that pellets are a good 

option for broilers heating once it was below when 

firewood (1427.3 and 1527.7 ppm in systems with 

and without ventilation, respectively) or gas open 

flame (1247 to 1663 ppm for indirect and directly 

heated sheds, respectively) were used (Vigoderis et 

al., 2010; Smith et al., 2016). In addition, CO2 con-

centrations can be lowered by increasing ventilation 

in the housing shed, and this study did not interfere 

significantly with our results, being within the pre-

conized limits in the Brazilian poultry industry.  

Another factor that can make broiler production 

more expensive is the energy consumption by the 

housing sheds, and heating systems can represent 

a big part of this consumption. Adopting technol-

ogy that combines high production standards with 

reduced costs should always be considered in poul-

try production (Barbosa Filho et al., 2017). Providing 

external heating sources to broilers is essential to 

ensure proper performance and growth since those 

animals do not have well-developed thermoregula-

tion and are very sensitive to cold temperatures in 

the first days of life (Baêta & Souza, 2010). Broilers 

are homeothermic and need a constant tempera-

ture of around 41.5 °C to ensure proper metabolic 

functions (Ferreira, 2011; Ryu et al., 2016). Despite 

ITmin and ITmax being below that threshold 

(between 26.3 °C and 32.5 °C), the results still 

reflected good weight gain (up to 0.685 g week-1) 

and feed conversion (down to 1,478 kgC kgW-1).  

Systems based on sustainable energy sources for 

heating systems are currently on topic for broiler 

production (Cui et al., 2020; Cui et al., 2021). 

Handayani et al. (2025) provide valuable insights for 

farmers in selecting suitable technologies that meet 

their specific needs, thereby improving the effi-

ciency of broiler chicken farming. Oscillation in gas 

prices makes pellets an attractive option given the 

easy access and multiple biomass sources, no need 

for specialized labor, and being a sustainable and 

renewable energy source (Ismail et al., 2023; Pełka 

et al., 2023). Mach1 had the highest energy con-

sumption (EC), along with Mach2 and Mach4 

(Figure 4). No difference was observed for pellet 

consumption between the two machines in the 

housing shed (PCMA and PCMB) or ERH and ET 

(Figure 3). In addition, Mach3 presented the lowest 

energy consumption (EC), which led to the lowest 

FC with the lesser energy consumption (Figure 4). 

Mach3 presented the lowest value for FC on top of 

the highest value for EC, which resulted in the best 

FC but at the expense of high energy consumption. 

Even with the highest EC mean, using Mach4 led to 

the best flock performance (low FC with high WG) 

while consuming the lowest quantity of pellets (be-

tween 350 kg and 368.4 kg) (Figure 4). This result 

indicates that researching and investing in some 

heating machines in the market can reflect good 

production metrics, even with a slightly increased. 

Pearson's correlation results are presented in Figure 

5. It was observed that all variables in this study are 

weakly correlated. Both indoor relative air humidity 

(IRHmin and IRHmax) and indoor temperatures 

(ITmin and IT max) are the variables with the higher 

positive correlation coefficients, 0.56 and 0.69, re-

spectively. PC and CO2min were also positively cor-

related (0.48), and WG and IRHmax (0.40). The most 

expressive negative correlations were between ET, 

CO2min (-0.52), and PC (-0.52), and WG with PC (-

0.69), IT min (-0.67), and ITmax (-0.57). 

Thermal comfort is the primary factor to be consid-

ered when producing broilers. The estimation and 

understanding of how the parameters evaluated in 

this study influence broiler production might aid the 

development of more efficient heating models for 

farmers. Mach4 showed the best efficiency in pellet 

consumption with satisfactory weight gain and feed 

conversion results. The lack of significant difference 

for IRHmin, ERH, ITmin, ITmax, ET, WG, and PC 

shows that all machines tested have a similar heat-

ing performance under the same environmental 

conditions. The strong influence of thermal comfort 

variables in data variance shows that this is the most 

critical aspect to be observed to ensure good per-

formance results. 
 

Principal Components Analysis (PCA) 
 

The contribution of each component (Figure 6A) 

and each variable (Figure 6B) are shown below. The 

lineages used in this study were not used as a vari-

able since no significant difference or contribution 

was observed. The variables with the higher weight 

to represent the study's data were WG, PC, ITmin, 

and ITmax, thus clearly supporting the current liter-

ature that temperature is the most critical parame-

ter to control in the broiler industry, reflecting 

directly on weight gain. The consumption of pellets 

is directly linked to the temperature control of 

housing sheds. Thus, it is advantageous for the 

farmer to consider using a heating machine that 

can effectively control the internal temperature of 

the housing shed with the minimum economic 

impact of pellet consumption.  



Scientia Agropecuaria 16(2): 203-213 (2025)             Masurana-Jahn et al. 

-210- 
 

 
 

Figure 5. Pearson's correlation between all evaluated variables in this study. 

 

The PCA results show that PC1 explained 50.2%, 

and PC2 explained 23.9% of the total variance 

(Figure 7). PC1 comprises IRH min and IRHmax, ERH, 

WG, and PC. Despite being negatively correlated, 

WG and PC are the two variables that most influ-

enced PC1, followed by IRHmax, IRHmin, and ERH. 

PC2 encompasses ITmin and ITmax, ET, CO2min and 

CO2max, FC and EC. ET, ITmax, and ITmin are the 

variables that most influenced PC2, all positively 

correlated, followed by CO2min, CO2max, EC, and 

FC, all negatively correlated. PC1 can be translated 

as the need for the best cost/efficiency relationship 

when considering a heating machine for the hous-

ing shed once it can keep constant temperatures 

inside, with minimum pellet consumption. PC2 can 

be translated as the need to keep broilers comfort-

able in an environment that, besides temperature, 

is kept not too dry and has low concentrations of 

CO2 with minimal energy consumption to ensure 

proper weight gain.  

Without surprise, PC was positive and closely corre-

lated with CO2 concentration (CO2min and 

CO2max) (Figures 6 and 7). The fact that pellet 

consumption was more closely related to CO2min 

rather than CO2max reinforces that pellets are a 

reasonable option for heating systems as a more 

sustainable heat source. However, it is good to re-

inforce that the higher the internal relative air hu-

midity and temperature, the higher the microbial 

activity, resulting in higher CO2 levels.  
 

 

 
 

Figure 6. Scree plots indicating (A) the influence of each principal 

component (PC) and (B) each variable on explaining the total 

variance of the data. 
 

In this case, ventilation can decrease that condition, 

especially during hot seasons (Qiu et al., 2022). 

Relative air humidity (IRHmin and IRHmax) 

correlated more closely to EC than ITmin and ITmax 
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(Figures 6 and 7). Given the high humidity levels 

needed in the houses for broiler welfare, such a 

scenario was expected, which reflected no 

significant variation in the internal temperatures. In 

addition, broilers that are kept under thermal 

comfort tend to result in a greater productive return 

(Lott et al., 1998).  

 

 
 

Figure 7. Principal Components Analysis (PCA) loading plot 

showing the multivariate variation among all evaluated broilers in 

terms of environmental, zootechnical, and consumption variables. 

Vectors indicate the direction, and the colors indicate the 

contribution strength of each evaluated variable. The first two 

principal axes explained 74.1% of the total data variance. 

 

The strong influence of thermal comfort in broilers 

explains why WG also composed PC1 while FC com-

posed PC2. The weak correlation between pellet 

consumption and energy consumption reflects the 

reduced need for heating machines during hot sea-

sons, resulting in the almost null influence of pellet 

consumption in PC2. Organisms tend to experience 

an increased rate of weight gain under lower tem-

peratures and the opposite under higher tempera-

tures, resulting in a feed conversion ratio directly re-

lated to temperature in broilers above 0.8 kg; thus, 

the higher the weight, the higher the temperature 

effect (Lott et al., 1998). 

When analyzing quails' performance and carcass, 

the PCA approach explained 75% of the original 

variance with the first four components (Leite et al., 

2009). By studying the performance of three broiler 

lineages, it was observed that two PCs could explain 

65% of the variance of the Arbor Acre lineage, three 

to explain 74,76% for the Marshal lineage, and 70% 

for the Ross lineage (Udeh and Ogbu, 2011). In the 

present study, the first two principal components 

were able to explain almost 80% of the data 

variance, with WG, PC, ITmin, and ITmax being the 

variables with the most influence (Figures 6 and 7). 

Despite the weak correlation observed, all variables 

in this study had some degree of interference in the 

growth and performance of broilers and can be 

affected by heating systems in the housing sheds, 

the difference being whether this interference is 

positive or negative (Figure 5). In addition, the 

current results elucidate the close relationship of 

these variables, even if not strongly significant. 

 
4. Conclusions 
 

The fourth machine tested in this study showed the 

best efficiency in pellet consumption with accepta-

ble weight gain and feed conversion results. The 

lack of significant difference for minimum internal 

relative humidity, external relative humidity, mini-

mum and maximum internal temperatures, and 

pellet consumption between the first and second 

machines tested in this study shows that all ma-

chines tested have a similar heating performance 

under the same environmental conditions. Alt-

hough affected by thermal comfort, the zootech-

nical variables evaluated in the present study were 

still satisfactory and within the parameters preco-

nized by the strain manuals. The strong influence of 

thermal comfort variables in data variance shows 

that this is the most critical aspect to be observed 

to ensure good production results. Further research 

is recommended regarding sustainable approaches 

to ensure the broiler's thermal comfort with pellets 

from different combustible sources.   
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