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ABSTRACT

The present study was conducted to investigate the variations of microclimate variables along the length of
commercial broiler houses and to determine the associations between microclimate variables and animal variables in
broiler chickens. A routine rearing program involving 480,000 broiler chickens was conducted in 24 commercial
broiler houses (with dimensions of 14x120x2.5 m, yielding 1,680 m? of rearing area per house). Of these, 6,000
chickens were randomly selected for outcome measurements. Microclimate variables (Ambient Temperature (AT),
Relative Humidity (RH), Air Velocity (AV), heat index, effective temperature, and ammonia) and animal variables
(body weight uniformity, body temperature, and Footpad Dermatitis (FPD)) were measured at 10 sections (12 m
apart) from the proximal end to distal end along the length of each broiler house. Regression analysis was used to
determine the pattern of each microclimate variable along the length of the broiler houses and to determine the
associations between the microclimate variables and the animal variables. The results showed that AT, heat index,
and ammonia linearly increased from the front end to the rear end of the houses. In contrast, RH linearly decreased
from the front end to the rear end of the houses. The regression analysis revealed no significant association between
any of the microclimate variables and the body weight uniformity. Increasing AT and AV were associated with
increasing mean body temperature. Increasing AT was associated with decreasing FPD. However, increasing RH
and AV were associated with increasing FPD. In conclusion, the microclimate variables had various trends along the
length of broiler houses.
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INTRODUCTION

The microclimate surrounding animals is important for livestock production and welfare. It is particularly important for
broiler chickens raised under high stock density conditions in commercial broiler houses (Jones et al., 2005).
Microclimate variables such as Ambient Temperature (AT), Relative Humidity (RH), and Air Velocity (AV) influence
the production, health, and welfare of broiler chickens (Yahav et al., 2001; Andrade de Oliveira et al., 2006; Purswell et
al., 2012; Tullo, et al., 2017). In addition, the microclimate in a broiler house is influenced by the outside environment
(Kic, 2016). This influence is noticeable in the hot and humid weather of tropical regions, where the AT may exceed 40
°C in the hot season. Chickens exhibit good performance in an optimal temperature environment (also called the
thermoneutral zone). The optimal temperature varies depending on the age of the chicken, being approximately 33-35 °C
for one-day-old chicks and decreasing gradually over time to 18-21 °C just before catch (Bayraktar et al., 2004).
Temperatures outside these ranges may affect the production.

Therefore, to fulfill the need for an optimal microclimate for commercial broiler chickens, their houses are
designed as closed systems and equipped with tunnel ventilation systems. A house must be large enough for cost-
effective operation. Typically, a 14x120 m (width x length) house can be used to raise 20,000 broiler chickens (with a
stocking density of approximately 12 chicks/m? or 0.08 m?/bird) (Estevez, 2007). In the hot and humid conditions of
tropical climates, a cooling pad system is necessary to reduce the AT inside the house (Bayraktar et al., 2004). The
cooling pad is located adjacent to an air inlet near the front end of the house, and an exhaust fan is located at the rear end
of the house. Thus, fresh air flows from the front end toward the rear end (Bianchi et al., 2015). Many factors are
associated with the microclimate in a broiler house. Because a commercial broiler house is very long, the microclimate in
the house may vary among different locations (Bianchi et al., 2015). This variation may affect the production, health
status, and welfare of broiler chickens.
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Body weight uniformity is an important index in broiler production because high uniformity satisfies the demands
of processing plants and the modern market, whereas poor uniformity reduces income and increases waste (Gous, 2017).
Footpad dermatitis (FPD) is a contact dermatitis lesion in the chicken’s footpad. It is considered as an important welfare
indicator for broiler chickens (Kyvsgaard et al., 2013). The objectives of the present study were to determine the patterns
of some microclimate variables along the length of commercial broiler houses and to find the associations between some
microclimate variables and body weight uniformity, body temperature, and FPD.

MATERIALS AND METHODS

Ethical approval
This study was approved by the Animal Ethics Committee of Khon Kaen University (No. 50/60), Thailand.

Study location and environmental conditions

The current study was conducted at commercial broiler farms in Prakhon Chai District, Buriram Province,
northeastern Thailand (Latitude: 14° 36' 21.31" N, Longitude: 103° 07' 14.92" E).This area is approximately 167 m
above sea level. The average annual temperature is 27.0 °C: the average low is 22.2 °C, and the average high is 33.0 °C.
The average annual relative humidity is 75%: the lowest average humidity is 40% in February, and the highest average
humidity is 96% in September.

Housing and equipment

This study was conducted in 24 standard environmentally controlled
commercial broiler houses in two large commercial broiler farms. The tunnel- o . o
ventilated, curtain-sided houses were uniform in size, facilities, equipment, and e LK
management. The dimensions of each house were 14 x 120 x 2.5 m (width x length 10
x height), with a total area of 1,680 m? (Figure 1). Each house was constructed with
a metal sheet roof and insulated ceiling. The lower section of wall was constructed
with brick (to a height of 0.46 m), and the upper section was constructed of high- 8
quality curtains and netting to prevent birds or other animals from entering from
outside. The floor was made from concrete cement and was covered with 5 cm of
fresh rice husk for each growing cycle. Each house was equipped with four rows of 6
automatic feeding pans and five rows of drinkers. At the rear end, 10 large exhaust "*°"
fans (diameter: 1.37 m) were installed for ventilation. On both lateral sides near the
front end, a total of 120 cooling pads (0.3 x 1.8 m) with a water-supply system were 4
used for cooling the air at the inlet. For lighting, two rows of 18-watt neon lights
were used. For the first three days, black plastic bags were used as supplementary
feeding trays to increase the feeding area. Two heaters (225,000 British thermal
unit) with thermostat sensors were used for heat control. ¥
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Figure 1. Dimensions of commercial broiler houses and sampling sections (1-10) J I k
for microclimate and broiler chicken measurements in Buriram Province, Thailand during April-May in 2017 and 2018

Animals

This study involved 480,000 broiler chickens from 24 commercial broiler houses. The stocking density was
approximately 20,000 chickens per house (approximately12 chickens/m?). A total of 6,000 broiler chickens were
individually measured for body weight and body temperature. These chickens included 2,000 Cobb 500 (1,000 males
and 1,000 females), 2,000 Ross 308 (1,000 males and 1,000 females), and 2,000 Arbor Acres Plus chickens (1,000 males
and 1,000 females). Each house contained one breed with both sexes.

Management

A similar routine management program for commercial broiler production was used in all study houses. Three feed
formulas were used: a starter feed from days 1 to 21, a grower feed from days 22 to 32, and a finisher feed from days 33
until catching. The ingredients of each feed formula are provided in table 1. Each chick was vaccinated against New
Castle disease virus and infectious bronchitis under a routine program. Feed and water were supplied ad libitum
throughout the rearing period. The ratio of dark to light hours was 23:1 for the first five days of age and the last three
days before catching and was 18:6 for the remaining time. The temperature in the house was controlled to meet the
optimal conditions for the age of the chickens according to the guidelines for commercial broiler breeds by using heaters
or the tunnel ventilation system depending on chicken age.
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Table 1. Ingredients (% as fed basis) and composition of diet for broiler chickens at different ages in Buriram Province,
Thailand during April-May in 2017 and 2018

- Starter Grower Finisher
Ingredients 1-21 days 22-32 days 33 caught
Maize 55.62 60.88 63.16
Soya bean 15.19 18.05 19.58
Soya bean meal 24.07 16.62 12.86
Mono-Dicalcium P21 191 1.15 1.06
Dicalcium phosphate 1.53 1.76 181
DL-Methionine (Alimet) 0.39 0.35 0.33
L-Lysine 0.19 0.20 0.21
Choline Chloride 0.08 0.08 0.08
Mineral Premix Broiler 0.40 0.40 0.40
Vitamins Premix (Ronozyme Proact) 0.10 0.10 0.10
Sodium chloride 0.42 0.40 0.40
Toxins binder (Mycrofix SECURE) 0.10 - -
Enzyme Phytase (Finase; EC5 L/IAXTRA) - 0.01 0.01
Total 100 100 100
Chemical compositions

Crude protein (%) 21.25 19.25 18.25
Metabolizable energy (Kcal/kg) 3,016 3,110 3,150
Calcium (%) 1.05 1.00 1.00
Available Phosphorous (g/kg) 0.65 0.65 0.65

Study design, sampling, outcome measurement, and data collection

The study was conducted in April-May (the warmest months in Thailand) in 2017 and 2018. The length of each
broiler house was divided into 10 sections (at 12 m intervals) starting from the front end to the rear end (Figure 1). In the
middle of each section, 25 male or 25 female broiler chickens were randomly selected for outcome measurement.
Measurements of microclimate variables and animal variables were done when the chickens were aged 28 and 37 days.
All measurements were made at animal height (approximately 30 cm from the floor). A Kestrel 3000 anemometer
(Nielsen-Kellerman Company, Pennsylvania, USA) was used to measured AT, RH, AV, and Heat Index (HI). An
ammonia gas detector (Smart Sensor AR 8500, Shenzhen Arco Science & Technology Co. Ltd, Guangdong, China) was
used to measure the ammonia (NH3) level. Effective Temperature (ET) (temperature felt by the bird) was calculated by
using the following formula (Bayraktar et al., 2004):

Y =0.77531 + 0.71136DBT + 0.13181RH- 3.6814A

Y = effective temperature (°C); DBT = dry bulb temperature (°C); RH = relative humidity (%); AV = air velocity (m/s)

Individual body weight was measured using a digital scale and body temperature was measured via the cloaca
using a digital thermometer. FPD was initially determined using a 0-3rating scale (0 = no lesion, 1 = small lesion, 2 =
mild lesion, and 3 = large lesion). However, for ease of interpretation, the scale was redefined such that O represented the
absence of FPD, and 1 represented the presence of FPD. The prevalence of FPD at each section along the broiler house
length was determined.

Statistical analysis

The normality of continuous variables was assessed by graphic visualization and the Shapiro-Wilk test. Mean Body
Weight (MBW) and Mean Body Temperature (MBT) were calculated from individual animals in each section. The
coefficient of variation (CV) of MBW, considered as the index of body weight uniformity of broiler chicken flocks along
the length of a commercial broiler house, was calculated as the standard deviation of body weight divided by the mean
and multiplied by 100 (Gous, 2017). Regression analysis was used to assess the variations of microclimate variables
along the length of a commercial broiler house. Univariate and multivariate linear regression analyses were used to find
the associations between animal variables and microclimate variables. In the multivariable linear regression, backward
elimination was used to obtain the final model. Tolerance and the variance inflation factor were used to assess the
multicollinearity of the microclimate variables. Subgroup analysis was used to assess differences in animal variables
among subgroups (of chicken age, breed, sex, and year of data collection). The subgroup analyses were performed with
analysis of variance (ANOVA) and the Tukey HSD test for multiple comparisons. SPSS version 17 (SPSS Inc., Chicago,
IL, USA) was used for all statistical analyses. The significant level was set at a p-value of <0.05.

RESULTS

Patterns of microclimate and animal variables along the length of a commercial broiler house

The microclimate variables exhibited various trends along the length of the broiler house (Table 2). The AT
slightly increased from 27.7 °C at the front end to 29.8 °C at the rear end of the house (P<0.001). The HI and NH3
exhibited similar patterns. HI increased from 32.6 °C at the front end to 35.7 °C at the rear end (P<0.001). NH3
increased from 0.8 ppm at the front end to 2.5 ppm at the rear end (p<0.001). In contrast, RH slightly decreased from
83.8% at the front end to 77.8% at the rear end (p<0.001). Although the test for a linear trend of the ET was significant,
mean ET values of sections 3 and 4 were lower than those of sections 1 and 2; the mean was then linearly increased from
sections 5 through 10. There was no significant linear trend of AV along the length of the broiler house (P = 0.278).
None of the animal variables exhibited significant linear trends (Table 2). The Mean CV of MBT was 7.0£1.4% in
section 4 and 7.7£1.7% in section 5. The Mean MBT was largely stable across the length of the house (ranged between
41.4 +0.5°C to 41.6 + 0.4°C). The prevalence of FPD ranged from 54.8 + 32% to 61.7 + 32.2%.
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Table 2. Microclimate variables and variables measured from broiler chickens along the lengths of commercial broiler houses in Buriram Province, Thailand during April-May in 2017

and 2018

Variable Sampling section Mean (SD) Test for linear trend

1 2 3 4 5 6 7 8 9 10 B (95% CI) p-value
Microclimate variables
AT (°C) 27.7(19) 27.7(1.8) 28.1(1.8) 28.2(19) 285(1.8) 287(1.8) 289(L8)  29.3(L9) 29.4(19)  29.8(L.9) 0.24 (0.15, 0.32) <0.001
RH (%) 83.8(6.4) 836(56) 830(55 821(52) 810(52) 80.9(5.0) 80.7(46) 80.4(4.9) 79.4(40) 77.8(45) -0.61 (-0.83, -0.38) <0.001
HI (°C) 326(4.2) 327(41) 327(38) 334(42) 338(43) 341(42) 346(45) 352(47) 353(53) 357(5.1) 0.38 (0.19, 0.53) <0.001
AV (m/s) 1.4(0.7) 1.9 (0.6) 2.2(0.7) 2.2(0.7) 2.2(0.8) 2.1(0.7) 2.0(0.7) 2.0(0.7) 1.9 (0.6) 1.9 (0.6) 0.02 (-0.01, 0.05) 0.278
ET (°C) 252 (24) 241(4) 236(0) 237(L7) 240(1.6) 244(16) 249(1.4) 251(14) 256(1.6) 255(L7) 0.15 (0.07, 0.23) 0.001
NH3 (ppm) 0.8 (0.4) 0.9 (0.3) 0.5 (0.6) 0.6 (0.7) 0.7 (0.8) 0.8 (0.9) 1.3 (0.4) 2.0 (0.5) 2.5(0.8) 2.1(0.6) 0.20 (0.17, 0.23) <0.001
Variables measured from broiler chickens
CV (%) of MBW 7.5(2.3) 7.0 (1.4) 7.5(L.7) 7.0 (1.4) 7.7(1.7) 7.1(1.3) 7.5 (1.7) 7.3(1.2) 7.2 (1.4) 7.2 (1.3) 0.00 (-0.07, 0.07) 0.925
MBT (°C) 415(0.6) 414(05) 415(06) 415(05) 415(0.6) 415(05) 415(05) 415(05) 415(0.4) 41.6(0.4) 0.01 (-0.01, 0.03) 0.273
Prevalence o FPD o7 5319y  54.8(320) 56.7(329) 548(3L5) 613(326) 57.0(322) 56.9(303) 617(322) 59.2(304) 580(338)  0.39 (-1.00, 1.78) 0.582

(%)

AT: Ambient Temperature, AV: Air Velocity, B: Unstandardized Regression Coefficient, Cl: Confidence Interval, CV: Coefficient of Variation, ET: Effective Temperature, HI: Heat Index, NH3: Ammonia, MBW: Mean Body
Weight, MBT: Mean Body Temperature, FPD: Foot Pad Dermatitis, RH: Relative Humidity, SD: Standard Deviation
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Linear regression analysis of the associations between microclimate variables and animal variables

The results of the linear regression analyses of the associations between microclimate variables and CV of MBW
are presented in table 3. In the univariate analyses, no microclimate variables were significantly associated with the CV
of MBW. However, three microclimate variables (AT, RH, and NH3) were retained in the final multivariate model,
although they explained only 2.3% of the variation in the CV of MBW. The results of the linear regression analyses of
the associations between microclimate variables and MBT are presented in table 4. In the univariate analyses, six
microclimate variables (AT, RH, HI, AV, NH3, and section) were significantly associated with MBT. Five microclimate
variables (AT, RH, HI, AV, and section) were retained in the final multivariate model, which explained 36.3% of the
variation in MBT. Accounting for these five microclimate variables, increasing AT or AV was significantly associated
with increasing MBT; in contrast, decreasing RH or HI was associated with increasing MBT. MBT significantly
decreased from the front end to the rear end of the house after accounting for AT, RH, HI, and AV. The results of the
linear regression analyses of the associations between microclimate variables and the prevalence of FPD are shown in
table 5. In the univariate analyses, four microclimate variables (AT, RH, HI, and AV) were significantly associated with
the prevalence of FPD. Five microclimate variables (AT, RH, HI, AV, and section) were retained in the final
multivariate model. All of these five microclimate variables were significantly associated with the prevalence of FPD.
The prevalence of FPD increased as AT decreased after accounting for RH, HI, AV, and section. In contrast, the
prevalence of FPD increased when RH, HI, or AV increased after accounting for all of the microclimate variables
retained in the final model.

Table 3. Linear regression analysis of the associations between microclimate variables and the coefficient of variation of
the mean body weight of broiler chickens in Buriram Province, Thailand during April-May in 2017 and 2018

Univariate analysis,

Multivariate analysis®,

Variable Estimate (95% CI) p-value Estimate (95% CI) p-value  Tolerance VIF
AT (C°) 0.05 (-0.04, 0.15) 0.346 0.11 (-0.01, 0.22) 0.061 0.78 1.28
RH (%) -0.04 (-0.07, 0.00) 0.051 -0.06 (-0. 10, -0.01) 0.008 0.81 1.13
HI (C°) -0.00 (-0.05, 0.04) 0.902 - - - -
AV (mfs) -0.09 (-0.37, 0.20) 0.545 - - - -
ET (C°) 0.09 (-0.01, 0.19) 0.084 - - - --
NH3 (ppm) -0.04 (-0.26, 0.18) 0.734 -0.24 (-0.50, 0.02) 0.068 0.70 1.44
sampling section -0.00 (-0.07, 0.07) 0.925 - -- -- -

For the multivariate analysis, the dependent variable was the CV (%) of Mean Body Weight (MBW) of broiler chickens, constant=8.94, R?=0.035,
adjusted R?=0.023, p-value=0.037. AT: Ambient Temperature, AV: Air Velocity, Cl: Confidence Interval, CV: Coefficient of Variation, ET:
Effective Temperature, HI: Heat Index, NH3: Ammonia, RH: Relative Humidity, VIF: Variance Inflation Factor

Table 4. Linear regression analysis of the associations between microclimate variables and the mean body temperature

of broiler chickens in Buriram Province, Thailand during April-May in 2017 and 2018

Univariate analysis,

Multivariate analysis®,

Variable Estimate (95% Cl) p-value Estimate (95% C1) p-value  Tolerance VIF
AT (C°) 0.09 (0.06, 0.12) <0.001 0.15 (0.11, 0.20) <0.001 0.36 2.75
RH (%) -0.03 (-0.04, -0.02) <0.001 -0.05 (-0.06, -0.04) <0.001 0.84 1.20
HI (C°) 0.01 (0.00, 0.03) 0.043 -0.03 (-0.04, -0.01) 0.002 0.45 2.23
AV (m/s) 0.21 (0.12,0.30) <0.001 0.14 (0.06, 0.21) 0.001 0.85 1.18
ET (C°) 0.02 (-0.02, 0.05) 0.360 - - - --

NH3 (ppm) 0.11 (0.04, 0.18) 0.002 - - - --

sampling section 0.01 (-0.01, 0.03) 0.273 -0.43 (-0.06, -0.02) <0.001 0.74 1.34

For the multivariable analysis, the dependent variable was Mean Body Temperature (MBT) of broiler chickens, constant = 41.67, R? = 0.377,
adjusted R? = 0.363, p-value <0.001. AT: Ambient Temperature, AV: Air Velocity, Cl: Confidence Interval, ET: Effective Temperature, HI: Heat
Index, NH3: Ammonia, RH: Relative Humidity, VIF: Variance Inflation Factor

Table 5. Linear regression analysis of the associations between microclimate variables and the prevalence of footpad
dermatitis among broiler chickens in Buriram Province, Thailand during April-May in 2017 and 2018

Univariate analysis,

Multivariate analysis®,

Variable Estimate (95% CI) p-value Estimate (95% CI) p-value  Tolerance VIF
AT (C°) -3.64 (-5.65, -1.63) <0.001 -9.49 (-12.53, -6.44) <0.001 0.36 2.75
RH (%) 0.75 (0.01, 1.49) 0.049 1.31 (0.58, 2.04) <0.001 0.84 1.20
HI (C°) -0.90 (-1.78, -0.02) 0.046 1.24 (0.05, 2.42) 0.041 0.45 2.23
AV (m/s) 9.51 (3.90, 15.13) 0.01 15.80 (10.23, 21.36) <0.001 0.85 1.18
ET (C°) -1.48 (-3.55, 0.60) 0.162 - - - --

NH3 (ppm) -2.69 (-7.09, 1.71) 0.229 - - - -

sampling section 0.39 (-1.00, 1.78) 0.582 2.67 (1.23, 4.10) <0.001 0.74 1.34

For the multivariable analysis, the dependent variable was the prevalence of Footpad Dermatitis (FPD), constant = 135.26, R? = 0.221, adjusted R?
=0.204, p-value<0.001. AT: Ambient Temperature, AV: Air Velocity, CI: Confidence Interval, ET: Effective Temperature, HI: Heat Index, NH3:

Ammonia, RH: Relative Humidity, VIF: Variance Inflation Factor
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Subgroup analyses of animal variables

The subgroup differences in the animal variables are presented in table 6. There was a significant difference among
breeds for the CV of MBW. Ross 308 chickens had a significantly higher mean CV of MBW (7.83%) compared to Cobb
500 (7.01%) and Arbor Acres Plus chickens (7.05%). For MBT, three characteristics (age, breed, and year of data
collection) were found to differ significantly among subgroups. For the prevalence of FPD, four characteristics (age,
breed, sex, and year of data collection) were found to differ significantly among subgroups.

Table 6. Subgroup analyses of the coefficient of variation of prevalence of footpad dermatitis, mean body weight, and
mean body temperature of broiler chickens in Buriram Province, Thailand during April-May in 2017 and 2018

Animal variable Mean (95% CI)
CV(%) of MBW MBT (C°)

Characteristic and Subgroups

Prevalence of FPD (%)

A 28 days 7.48 (7.21, 7.75) 41.60 (41.55, 41.66)* 51.35 (46.88, 55.82)°

e

g 37 days 7.11 (6.84, 7.38) 41.41 (41.36, 41.47)° 64.17 (59.70, 68.64)"
Cobb 500 7.01 (6.68, 7.34)? 41.34 (41.28, 41.41) 44,65 (39.17, 50.13)

Breed Ross 308

Arbor Acres Plus

7.83 (7.50, 8.17)°
7.05 (6.71, 7.38)?

41.67 (41.60, 41.74)°
4151 (41.44, 41.58)°

58.22 (52.75, 63.70)°
70.40 (64.92, 75.88)°

Sex Male 7.31 (7.04, 7.58) 41,55 (41.50, 41.61) 51.60 (47.13, 56.07)°
Female 7.28 (7.01, 7.56) 41.46 (41.41, 41.52) 63.92 (59.45, 68.39)"
Vear 2017 7.40 (7.13, 7.67) 41.87 (41.81, 41.92) 44,03 (39.56, 48.51)*
2018 7.19 (6.92, 7.47) 41.15 (41.10, 41.21)° 71.48 (67.01, 75.96)°

®Eor a given characteristic, different superscripts within a column indicate a significant difference. Tukey HSD test was used for
multiple comparisons. CV: Coefficient of Variation, MBW: Mean Body Weight, MBT: Mean Body Weight, FPD: Footpad Dermatitis

DISCUSSION

The current study revealed that the different microclimate variables had various trends along the lengths of commercial
broiler houses. The AT, HI, and NH3 gradually increased from the front end to the rear ends of the houses. However, RH
gradually decreased from the front end to the rear end. Microclimate variables such as AT, RH, and AV are very
important to bird health and welfare because they facilitate heat transfer between the birds and the surrounding
environment. Chickens are homeothermic animals and have an internal body temperature between 39 °C and 42.2 °C
(Oloyo, 2018). As homeotherms, these birds must constantly maintain their body temperature under fluctuating
microclimate conditions. The AT, RH, and AV are combined into an index called the Temperature-Humidity-Velocity
Index (THVI), which is a well-known index for determining the ET (Tao and Xin, 2003).

The AT in the current study gradually increased from 27.7 °C at the front end of the house to 29.8 °C at the rear
end of the house. This increase may be explained by the fact that the front end of the house is located closer to the
cooling pad than is the rear end. In addition, the heat produced by the birds moves from the front end to the rear end
according to the direction of air ventilation. Bianchi et al. (2015) also found that temperature slightly increased from the
front end to the rear end of a tunnel-ventilated broiler house. In addition, AT has been found to fluctuate during the day
(Bayraktar et al., 2004). Heat transfer is more effective when AT is lower than the bird’s body temperature. In this
situation, metabolic heat produced by the bird is dissipated through sensible heat loss by conduction and convection
(Oloyo, 2018). In the present study, the AT was considerably higher than the recommended temperature (21 °C) by the
breeder company. Additionally, the ET, although was higher (23.6 °C to 25.6 °C) than the recommended temperature,
was lower than the AT. In hot and humid conditions in the tropics, environmentally controlled broiler houses are
preferred over conventional broiler houses for enhancing production and the birds’ welfare (Farhadi et al., 2016).

The RH in the current study was high, and it gradually decreased from 83.8% at the front end of the house to 77.8%
at the rear end. Water evaporation from the cooling pad system near the front end of the house may be responsible for the
increased RH in this region. The RH in this study was higher than that reported in the previous studies in Turkey
(Bayraktar et al., 2004) and Italy (Bianchi et al., 2015). Bayraktar et al. (2004) evaluated the effectiveness of the pad
cooling system in broiler houses under hot weather conditions in Turkey and reported that RH values in May fluctuated
between 45% and 70%. Bianchi et al. (2015) measured microclimate parameters in an industrial broiler house in Italy
and reported that RH was lower than 50%. These values were remarkably lower than the results obtained in the present
study. This difference may result from a difference in the outside climate of distinct geographic regions of each study.
Optimal RH differs among different ages of broiler chickens. Younger broilers require more humidity than older ones.
Very high humidity impedes heat dissipation and may be associated with wet litter (Weaver and Meijerhof, 1991).
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However, in tunnel-ventilated broiler houses, this issue is alleviated by the airflow. In winter in European countries, very
low humidity in young chickens may cause problems for bird health (Jones et al., 2005).

The HI is derived from air temperature and RH. Although its formula is complex, HI is a useful indicator of “felt
air temperature” or “apparent temperature” (Anderson et al., 2013). At a given air temperature, high humidity results in
high HI and feels hotter or warmer than low humidity. In this study, HI was high (slightly increasing from 32.6 °C at the
front of the broiler house to 35.7 °C at the rear end), which may be due to the high humidity (77.8-83.8%). High air
temperature and high humidity may result in heat stress in birds. Under heat stress, chickens may alter their behavior,
and heat stress can have adverse effects on their performance (Lara and Rostagno, 2013; Bhadauria et al., 2014). In the
present study, the AV helped alleviate heat stress in the broiler house because convection heat loss increases significantly
with increasing AV (Yahav et al., 2004).

The AV is an important factor in convectional cooling and helps regulate air quality (Oloyo, 2018). In this study,
AV was approximately 1.4 m/s to 2.2 m/s. Under harsh environmental conditions, Yahav et al. (2004) suggested that an
AV of 2.0 m/s enabled broiler chickens to maintain proper performance and efficient thermoregulation. May et al. (2000)
found that high AV had little effect on the daily patterns of feed and water consumption in broiler chickens. Increasing
the AV around broiler chickens is an effective way to improve broiler performance when the temperature is above the
thermoneutral zone (May et al., 2000).

The ET may be the best temperature indicator for broiler chickens in a tunnel-ventilated house because it is derived
from AT, RH, and AV. In the present study, the ET was approximately 23.6 °C to 25.6 °C. These values were lower than
those of AT (approximately 27.7 °C to 29.8 °C). An ET lower than AT indicated the effectiveness of the AV. However,
ET in this study was approximately 2.6 °C to 4.6 °C higher than the recommended temperature.

The NH3 concentrations in this study were low, although they gradually increased from 0.8 ppm at the front end of
the broiler house to 2.5 ppm near the rear end. NH3 is a gas harmful to broiler health and performance (Beker et al.,
2004; Miles et al., 2004). Recent studies indicate that NH3 may suppress the immune response of broiler chickens (Wei
et al., 2015) and it alters gene expression in the breast muscle of broiler chickens (Yi et al., 2016). However, the NH3
levels in this study were far lower than the recommended levels (not exceeding 25 ppm). The low NH3 levels in this
study may have resulted from the good ventilation system.

Results from regression analysis in this study indicated no significant associations between the microclimate
variables and the body weight uniformity. This may be explained that variations in microclimate variables along the
length of the broiler house are not large enough to cause a significant difference in body weight uniformity. However,
several factors especially feed and protein contents may have substantial effects on uniformity (Berhe and Gous, 2008;
Gous, 2017).

FPD is an important welfare concern in broiler chickens. It is characterized by inflammation on the plantar surface
of chickens’ footpads and is commonly observed in fast-growing broiler chickens (Shepherd and Fairchild, 2010).
Results from this study indicated that many microclimate variables (AT, RH, and AV) were associated with the
prevalence of FPD. Increasing RH is associated with increasing prevalence of FPD. This may be explained that high RH
may result in more wet litter. Wet litter is known as an important risk factor for FPD in broiler chickens (Mayne 2005;
Taira et al., 2014). In addition, nutritional factors may influence the excreta moisture resulting in a wet litter (Collett
2012; Swiatkiewicz et al., 2017).

CONCLUSION

The present study demonstrated that the different microclimate variables had various trends along the lengths of
commercial broiler houses. AT, HI, and NH3 gradually increased from the front end to the rear ends of the houses.
However, RH gradually decreased from the front end to the rear end. Further studies should be conducted to better
understand the effects of microclimate variables on the prevalence of FPD.
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