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ABSTRACT 
 

The use of rice husks as floor mats in broiler chickens rearing in closed house systems faces sustainability challenges 
related to availability, inconsistent quality and their role as a source of particulate pollution in the air. This study aimed 
to comprehensively evaluate the potential of plastic slat flooring as a substitute for traditional rice husk mats. A 
comparative study was conducted at a commercial Teaching Farm Closed House PT Hasanuddin Agrivisi Internusa in 
Makassar, Indonesia. This research compares two treatments in a closed house with a capacity of 25,000 chicks per 
cage: rice husk litter floor mats and plastic slat floors. The key parameters measured included microclimate conditions, 
air quality, physiological responses, and broiler production performance. The results showed a significant improvement 
in air quality (P<0.05) in the slatted flooring cage, evidenced by a much lower concentration of particulate matter 
(PM)<100μm (304.30±59.65μg/Nm³) compared to litter (618±21.55μg/Nm³). Furthermore, broilers reared on slatted 
flooring showed significantly higher weight gain (P<0.05) (1,632±35.58g) than those reared on litter flooring 
(1,572±49.86g). In conclusion, the use of plastic slat flooring not only improves air quality by reducing particulate 
pollution but also improves the growth performance of broilers. 
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INTRODUCTION 
 
 Located in a tropical and archipelagic region, 
Indonesia faces challenges in broiler chicken farming. 
According to the Meteorology, Climatology and 
Geophysics Agency of the Republic of Indonesia (BMKG 
2022) data, Indonesia's climate conditions range from 23°C 
to 35°C in temperature and 40% to 99% in humidity, with 
the rainy season occurring from October to March and the 
dry season from April to September. These climatic 
conditions do not match the comfort zone of broiler 
chickens, which is a temperature of 1824°C (for chickens 
older than 14 days) with 50-70% humidity (Oke et al. 
2020). High temperatures disrupt the physiological state of 
chickens, resulting in several negative effects, such as 
changes in hormonal balance and decreased productivity. 
Heat stress is detrimental to the growth performance, gut 
health, and immune function of poultry, all of which are 
critical for maintaining productivity (Liu et al. 2020; 
Ahmad et al. 2022). 

 An intensive poultry rearing system produces higher 
performance (Lase et al. 2024). A rearing system using a 
closed house has been shown to reduce the impact of these 
climatic conditions. The use of a closed house system 
effectively controls the barn microclimate, resulting in 
improved poultry health, productivity, and welfare 
(Ornelas-Eusebio et al. 2020; Shahzad et al. 2021). A 
rearing system using a closed house requires various 
supporting components to ensure the successful production 
of broilers. Litter is an essential component that must be 
adequately provided in terms of quantity and quality as 
bedding material for the coop. 
 In Indonesia, rice husks, an agricultural waste, are 
widely used as litter flooring in closed houses. However, 
with the increasing number of closed houses, the need for 
rice husks has increased. In other industries, rice husks 
have also begun to be used as a biomass raw material, such 
as for the gasification of power plants (Hoque et al. 2021; 
Nyakuma et al. 2021), production of silica and 
nanoparticles (Rodriguez-Otero et al. 2023). 
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Therefore, competition for obtaining rice husks is 
increasing, which will affect their availability and price. 
According to the Central Statistics Agency of the Republic 
of Indonesia (BPS 2025), there was a reduction in the area 
of rice fields in 2024, amounting to 167.67 thousand 
hectares compared to 2023. Therefore, the production of 
rice husk waste has certainly decreased, and some regions 
have had to bring rice husks from other regions, which has 
increased transportation costs. 
 The quality of rice husks as litter is also influenced by 
high rainfall and humidity during the rainy season. Moist 
husks can serve as a medium for disease transmission, as 
they create an environment that supports the growth of 
pathogenic microorganisms such as Enterobacteriaceae 
and Enterococcaceae (Gupta et al. 2021). In addition, husks 
can become a breeding ground for E. coli, which has been 
identified as a causative agent of colibacillosis (Shtylla et 
al. 2023). Decreased air quality, both inside and outside the 
cage, is associated with increased levels of ammonia, 
carbon dioxide, and dust (Brink et al. 2022). In addition to 
litter management, farmers often face challenges such as 
the accumulation of clumped and wet husks, which can 
lead to increased concentrations of dust and ammonia. 
These pollutants pose a significant risk to poultry health by 
causing respiratory distress and in severe cases, death, and 
environmental conditions that contribute to the production 
of acid rain and nitrogen (N) deposition in the ecosystem 
(Anderson et al. 2021; Corrêa-Junior et al. 2024).  
 Currently, plastic slat flooring has been introduced to 
replace rice husks in broiler chicken rearing systems in 
closed houses. Several studies on the use of plastic slat 
flooring have shown its potential as a substitute for litter 
flooring. The use of plastic slats results in higher live 
weight and carcass weight, as well as better air quality 
(Almeida et al. 2017; Almeida et al. 2018). The use of 
plastic slats in poultry housing can enhance air circulation 
and minimize direct contact between chickens and feces, 
thereby mitigating ammonia emissions and reducing dust 
levels in closed houses (Ogino et al. 2021). In addition, the 
production of heat from the floor was lower owing to air 
movement, which helped reduce heat buildup on the floor. 
This is important for maintaining an optimal environment 
to support broiler growth (Ferreira et al. 2024). However, 
comprehensive information on the use of plastic slats in 
commercial closed houses is still limited. This study aimed 
to evaluate the use of plastic slats as a substitute for rice 
husks in closed houses on an industrial scale, in terms of 
microclimatic conditions, air quality, physiological 
response, and production performance. 
 

MATERIALS AND METHODS 
 
Ethical approval 
 All materials, equipment, and procedures used in this 
study were approved by the Animal Ethics Committee of 
the School of Veterinary Medicine and Biomedical 
Sciences, Bogor Agricultural University (approval number 
332/KEH/SKE/V/2025). 
 
Study area 
 This study was conducted at the Teaching Farm Closed 
House of PT. Hasanuddin Agrivisi Internusa Makassar. Air 
quality testing was performed at the Air Pollution and 
Noise Laboratory of the Department of Environmental 

Engineering, Hasanuddin University. White blood cell 
analysis was performed at the Laboratory of Animal 
Physiology of Hasanuddin University, Makassar City, 
South Sulawesi Province, Indonesia. 
 
Equipment and materials 
 The equipment used in this study was a closed house 
with a tunnel ventilation system with litter and plastic slat 
flooring. The size of each cage was 120m long and 12m 
wide, with a capacity of 25,000 chicks. The research cage 
was equipped with a pan feeding, drinking, heating, and 
automatic ventilation system. The test equipment used for 
each parameter is described in the research procedures. 
 The materials used in this study were day-old chick 
(DOC) Cobb strain 50,000 with an average weight of 
50.1±5.3g per head, rice husks, drinking water, vitamins, 
vaccines, disinfectants, and commercial feed in the pre-
starter, starter, and finisher phases. The nutritional content 
of broiler feed met the required standards, with a crude 
protein content of 19-21%, metabolizable energy of 3000-
3200 kcal/kg, and a maximum crude fiber content of 6% 
(Cobb 2021). 
 
Research protocol 
 Broiler chickens were raised using industry-scale 
management and were maintained for 4 weeks (28 days). 
The chickens were maintained in two closed house units, 
each with a capacity of 25,000 birds. The litter flooring-type 
cage used rice husks with a thickness of 10cm, and the slat-
type cage used a plastic slat with a hole gap of 1×1cm and a 
height from the floor of 20cm. Each cage was equipped with 
a fan feeder, nipple, heating system, and automatic 
ventilation system. In this study, the brooding period was 
two weeks long. Each cage consisted of four plots with 
partitions, each measuring 12×30m, and each plot contained 
6250 chickens. Before the DOC was maintained, each cage 
was sprayed with disinfectant and fumigated. The DOC 
used in this study was vaccinated at the hatchery. Broiler 
chickens were provided ad libitum access to feed and 
drinking water throughout the experiment. 
 
Parameter studied 
Microclimate 
 The microclimates of the cages were observed in a 
closed house. Microclimate observations included 
temperature and humidity measurements, wind speed, and 
the temperature humidity velocity index (THVI). 
 
The temperature and humidity  
 The temperature and humidity of the air in the cage 
were measured using a thermohygrometer data logger 
installed in four parts of each cage at a height of 40cm from 
the cage floor. The Hobo data logger was set to record the 
temperature and humidity data every 10 minutes. 
 
Wind speed 
 It was measured using a Kestrel anemometer. Kestrel 
is placed in the middle of the cage with a height of 40cm, 
with m/s units taken every day at 07.00 am, 12.00 pm, and 
05.00 pm. 
 
Temperature humidity velocity index (THVI) 
 It was calculated using the formula: Tao and Xin (2003) 
THVI = (0.85 x Tdb+ 0.15 x Twb) xV-0.058               (1) 
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Information: 
Tdb  = Dry ball temperature (oC) 
Twb = Wet ball temperature (oC) 
V = Air velocity (m/s) 
 
Air quality  
 Air quality testing was conducted in a closed house. 
Data collection in the cage for each period was carried out 
in the 4th week at three points in the cage. Air quality 
testing includes oxygen (O2), ammonia (NH3) (SNI 2005), 
carbon dioxide (CO2), and particulate matter (PM)<100μm 
(SNI 2004). 
 
Physiological responses 
 Physiological responses were measured using 
respiratory frequency, rectal temperature, oxygen 
saturation (Navarro et al. 2006) and white blood cell and 
differential count (Purnomo et al. 2015). The number of 
chicken samples observed for rectal temperature and 
oxygen saturation parameters was 120 male broiler 
chickens from four areas in each cage in each period, with 
three maintenance periods as a repeat at 4 weeks of age. 
 
Production performance  
 Broiler performance was measured by weighing the 
chickens at the beginning and end of each maintenance 
period for three periods. The chicken performance 
parameters included feed consumption (g/head), weight 
gain (g/head), feed conversion, mortality (%), and 
performance index.  
 
Data Analysis 

This study used two cage flooring treatments, 
namely, a closed house with base litter rice husks and a 
closed house with plastic slat base. Each treatment was 
performed in triplicate. The data obtained on the 
microclimate conditions were descriptively analyzed. 
Data on air quality, physiological response, and 
performance were analyzed using a t-test (Independent t-
test) (Mattjik and Sumartajaya 2013). 
 

RESULTS 
 
Microclimate  
 The microclimatic conditions of poultry houses play 
an important role in raising broiler chickens. Table 1 
delineates the microclimatic conditions observed within 
the broiler chicken rearing cages during the study. The 
data indicated no significant variations, as the recorded 
values for temperature, humidity, and wind speed were 
nearly uniform. This is because chickens are raised in 
closed houses with an automatic environmental 
regulation system. 
 
Table 1: Microclimate conditions in a closed house with different 
floor types in the 4th week 
Microclimate  Litter Slat 
Temperature (oC) 24.3-28.2 24.2-28.1 
Humidity (%) 70–92 70–91 
Wind speed (m/s) 2.2–2.9 2.1–2.9 
THVI (oC) 26.5 26.4 
THVI: Temperature humidity velocity index. 

Air quality 
 The air quality in cages is an important factor in the 
process of raising broiler chickens. Table 2 presents the air 
quality data, indicating that the concentrations of ammonia, 
oxygen, and carbon dioxide in the two study cages did not 
differ significantly (P>0.05). The concentration of 
particulate matter (PM)<100μm in cages with a litter base 
was higher than that in cages with a slat base (P<0.05). This 
is because the dust in the litter cages originated from rice 
husk dust particles. 
 
Table 2: Air quality of a closed house with different floor types 
in the 4th week 
Air quality Litter Slat P-value 
Ammonia (ppm) 0.201±0.135 0.367±0.251 0.057 
Particulate matter 
(PM)<100μm (μg Nm-3) 

618±21.55a 304±59.65b 0.001 

O2 (%) 20.4±0.3 20.5±0.2 0.875 
CO2 (ppm) 913±254 945.25±232 0.583 
Different letters in a row indicate significant differences (P<0.05). 
 
Physiological response 
 Table 3 presents the findings of the study, which 
assessed the physiological response of broiler chickens 
reared in closed houses with different flooring. The study 
identified no significant differences in respiratory rate, 
rectal temperature, oxygen saturation, leukocyte count and 
differentiation, or heterophil/lymphocyte (H/L) ratio 
between the two cages examined. The physiological 
response data from both observations were within the 
normal range. 
 
Table 3: Physiological response of broiler chickens reared in 
Closed Houses with different flooring 
Physiological response Litter Slat 
Respiratory rate (minutes-1) 65.20±5.23 64.30±2.42 
Rectal temperature (oC) 41.53±0.60 41.58±0.22 
Oxygen saturation (%) 90.20±8.38 91.75±1.94 
Leukocyte (×103/mL) 16.97±2.88 12.82±3.07 
Leukocyte differentiation   
       Heterophil (%) 29.74±4.22 28.45±3.54 
       Eosinophil (%) 5.32±1.02 5.21±0.93 
       Lymphocytes (%) 51.24±6.45 52.43±6.76 
       Monocyte (%) 13.26±3.11 14.19±3.25 
       Basophil (%) ND ND 
Heterophil/Lymphocytes  0.58±0.10 0.54±0.12 
 
Production performance 
 The observations of broiler chicken production 
performance in this study included feed consumption, body 
weight gain, FCR, mortality, and performance index. 
Table 4 presents the results of these observations, and the 
weight gain of broiler chickens raised on a slat base was 
significantly higher than that of those raised on a litter base 
(P<0.05). There were no significant differences in feed 
consumption, FCR, mortality, and performance index 
between the two treatment cages (P>0.05).  
 
Table 4: Performance of broiler chickens raised in Closed Houses 
with different flooring 
Performance parameters Litter Slat P-value 
Feed consumption (g/head) 2143±125.29 2238±58.23 0.302 
Weight gain (g/head) 1572±49.86b 1632±35.58a 0.003 
Feed conversion ratio 1.36±0.04 1.36±0.01 0.894 
Mortality (%) 1.82±0.21 1.57±0.33 0.115 
Performance index 416±15.88 431±6.03 0.185 
Different letters in a row indicate significant differences (P<0.05). 
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DISCUSSION 
 
Microclimate 
 The climate in a closed house is regulated automatically 
by climate control. Regulating the climate within enclosed 
poultry facilities is essential for maintaining optimal living 
conditions for broiler chickens, thereby ensuring their 
welfare and productivity. These systems are engineered to 
automatically control both the ventilation and heating 
mechanisms to achieve the requisite temperature, which 
varies according to the age and metabolic requirements of 
the birds. This dynamic adjustment is critical for optimizing 
production and ensuring the welfare of animals (Ferreira et 
al. 2024). This shows that the environmental conditions of 
the chickens during rearing were still in the comfort zone, 
with a THVI value of 26.5°C. This is in accordance with 
Tao and Xin (2003), who stated that broiler chickens with 
THVI values below 30°C are in the normal range and will 
not cause an increase in body temperature in broiler 
chickens. Under conditions within the comfort zone, 
chickens can grow and develop according to their genetic 
potential (Kpomasse et al. 2021). 
 
Air quality  
 Ammonia is a gas produced by the decomposition of 
nitrogen by ureolytic bacteria in livestock feces. Ammonia 
levels within the research cages did not differ, as the rice 
husks in the litter mat effectively absorbed both moisture 
and ammonia from feces, thereby preventing their emission 
into the surrounding air. The same phenomenon occurs in 
a cage with a plastic slat mat; feces exposed to airflow will 
directly carry moisture and ammonia into the air, so that the 
feces under the slat dry faster. Maintaining ammonia levels 
below 5ppm in broiler-rearing environments is crucial for 
several reasons. Ammonia is a common contaminant in 
poultry houses, and elevated levels can have detrimental 
effects on the health and growth performance of broiler 
chickens (Han et al. 2021). 
 Broiler chickens still have the instinct to take dust 
baths, which causes dust to fly into the air. Unlike cages 
that use slat flooring, the dust source only comes from feed 
dust and chicken feathers because the feces under the slats, 
although drier, are not touched; therefore, they do not have 
the potential to produce a large amount of dust. High dust 
concentrations in cages can cause respiratory distress in 
broilers (Brink et al. 2022). 
 The oxygen in the poultry house has an exhaust fan 
with a negative pressure system that can draw oxygen from 
outside through the inlet. According to the oxygen 
concentration criteria, low air oxygen concentration is 
below 19.5% oxygen in the air, and oxygen-rich air is 
above 23.5% oxygen in the air, meaning that the standard 
oxygen level in the air ranges from 20 to 23% (Permenaker 
2023). The concentration of carbon dioxide (CO2) in the air 
circulation system within the cage, equipped with an 
exhaust fan, is capable of expelling carbon dioxide from the 
enclosure. The concentration of carbon dioxide remained 
within the normal range of less than 3000ppm (Cobb 2021). 
 
Physiological response 
 The respiratory rate of the chickens remained 
consistent owing to the identical microclimatic conditions 
present in both cages. The frequency of breathing in broiler 

chickens is affected by temperature, humidity, and wind 
speed. A higher temperature will result in the chicken 
breathing faster to dissipate excess heat in the body because 
chickens do not have sweat glands (Oke et al. 2020). 
 The rectal temperature of the animals was within the 
normal range of 39–41.7°C (Poku et al. 2024). Rectal 
temperature increases when experiencing heat stress due to 
high temperature and ambient humidity, so that heat in the 
body cannot be lowered through heat release through 
panting, evaporation, convection, radiation, or conduction. 
In this study, the microclimatic conditions were within the 
comfort zone of the chickens. This is in accordance with 
the THVI number, which has the same conditions as the 
normal range, and the chicken is still in a comfortable 
condition, so there is no increase in the body temperature 
of the chicken (Tao and Xin 2003). 
 Oxygen saturation in broiler chickens is an important 
physiological parameter that can vary depending on the 
growth rate and health conditions of the chickens. The 
normal levels of oxygen saturation indicate that the body is 
receiving an adequate supply of oxygen (Salam et al. 2025). 
Oxygen plays a fundamental role in cellular respiration, 
which is crucial for the growth and metabolism of broiler 
chickens. Cellular respiration primarily occurs in the 
mitochondria, where glucose is converted into ATP, the 
energy currency of the cell. Oxygen is necessary for 
aerobic respiration, an efficient pathway that produces 
approximately 36 ATP molecules per glucose molecule. 
This energy is vital for various physiological functions, 
including growth, muscle contraction, and homeostasis 
maintenance by supporting protein, fat, and carbohydrate 
synthesis (Chen et al. 2022; Almeldin et al. 2024). 
Additionally, sufficient oxygen levels support the immune 
system by facilitating the production of reactive oxygen 
species required for pathogen defense. Oxygen is also 
pivotal for thermoregulation, as it fuels metabolic reactions 
that generate heat, thereby helping to maintain body 
temperature within an optimal range (Abo-Samaha et al. 
2022). Low oxygen saturation can increase the potential for 
ascites in broiler chickens (Ezzulddin 2023).  
 The normal range of leukocytes in chickens is 6-40 
x103/mm3 grains (Campbell 2015). Factors that affect the 
number of leukocytes and their differentials include 
environmental conditions, age, and nutritional content of 
the feed. (Wang et al. 2024). In this study, the chickens 
were raised under the same environmental conditions, at 
the same age, and on the same feed, so they did not 
experience any differences in these parameters. This shows 
that chickens raised in both treatment cages had the same 
potential for immunity against disease-causing agents. 
 The H/L ratio is an indicator of livestock adaptability 
to environmental stressors. The heterophil/lymphocyte 
(H/L) ratio in chickens is an important indicator of stress, 
health, and resistance to infection. The significance of the 
H/L ratio at different values (e.g., low, approximately 0.2; 
normal, approximately 0.5; and high, approximately 0.8) 
varies and can provide insights into the physiological and 
immunological status of chickens. Studies have shown that 
chickens with a low H/L ratio possess more enriched 
immune pathways and lower levels of antibiotic resistance 
genes and virulence factors, making them more robust 
against pathogens. Moreover, chickens with low H/L ratios 
have a higher survival rate and better immune function, 
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whereas High H/L ratios are correlated with lower 
resistance to diseases and reduced immune function 
(Thiam et al. 2022). The H/L ratio is particularly valuable 
because it offers an affordable and easily obtainable 
measure of stress and health status without the need for 
complex or invasive procedures (Nwaigwe et al. 2020). 
 
Production performance 
 Feed intake in broiler chickens is determined by a 
range of biological, environmental, and management 
factors. The genetic makeup of broiler chickens 
significantly influences their feed efficiency, with research 
identifying quantitative loci within the chicken genome 
that are associated with feed intake, weight gain, and feed 
conversion ratio (Marchesi et al. 2021). Environmental 
temperature also affects feed intake, as heat stress can 
diminish feed utilization efficiency (Saleh et al. 2021). 
Furthermore, gut health and balanced microbiota are 
essential for optimal feed intake (Cho et al. 2024). In this 
study, the feed composition was consistent across both 
housing conditions for each experimental phase. 
Additionally, the microclimatic conditions within the 
housing facilities showed no variation, resulting in no 
significant differences in feed intake between groups. 
 The increase in body weight observed in this study was 
markedly different. This occurred because there was a 
difference in the particulate matter (PM)<100μm 
parameters, where the dust condition was higher in the litter 
cage than in the slat cage, even though the feed 
consumption and microclimate of the maintenance cage did 
not differ between the two groups. Dust can interfere with 
the respiratory system of chickens, resulting in health 
problems in the flock. These data are in line with the 
findings of Almeida et al. (2017), who showed that 
chickens raised in slat cages had a higher body weight gain 
than those raised in cages with litter. 
 The feed conversion ratio is a crucial parameter in 
broiler chicken production that quantifies the efficiency 
with which chickens convert feed into their body weight. 
Various strategies have been explored to optimize FCR, 
contributing to more sustainable and economical poultry 
production. The feed conversion ratio (FCR) in broiler 
chickens is a critical measure of feed efficiency that is 
affected by various genetic and non-genetic factors 
(Marchesi et al. 2021).  
 The absence of differences in mortality parameters 
was due to identical environmental conditions. Closed 
house systems facilitate the maintenance of controlled 
environments that inhibit the introduction and proliferation 
of pathogens, thereby diminishing dependence on 
antimicrobials and enhancing overall avian health and 
productivity. Moreover, the regulation of climate within 
these enclosures mitigates stress in broilers, which might 
otherwise compromise their immune systems and increase 
their disease susceptibility (Caekebeke et al. 2021). 
 The performance index is a measure of the efficiency 
of the broiler chicken rearing process. A higher 
performance index indicates better production 
performance. A performance index value above 400 is 
excellent. The performance index is influenced by feed 
efficiency or feed conversion, body weight, mortality rate, 
and age. The performance indices of the two research cages 
are included in this category.  

Conclusion 
The results of this study showed that the use of plastic 

slat flooring in closed houses did not negatively affect 
broiler chicken rearing. The particulate matter 
(PM)<100μm concentration in a closed house with a plastic 
slat base was significantly lower than that with litter 
flooring. The weight gain of broiler chickens raised in 
cages with plastic slatted flooring was significantly higher 
than that of those raised on litter flooring. These findings 
show that plastic slat flooring is a viable and profitable 
alternative to rice husks and offers a more sustainable 
solution for intensive broiler production in the tropics. 
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