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Abstract:

Heat stress (HS) poses a significant challenge to poultry production, particularly in tropical climates,
affecting both the welfare and productivity of laying hens. This study investigates various heat stress
mitigation strategies, including dietary supplementation with electrolytes, environmental modifications
like sprinklers and ventilation systems, and their combined effects on laying hen performance. Key
performance indicators such as egg production, feed intake, feed conversion ratio (FCR), plumage
score, and respiratory rate were measured. Results indicated that environmental modifications,
especially sprinklers, significantly improved egg production and reduced respiratory stress. Electrolyte
supplementation also contributed to improved welfare by reducing panting and enhancing feed intake.
The findings highlight the importance of a multi-pronged approach to effectively manage heat stress in
poultry, improving both productivity and animal welfare. The study underscores the need for region-
specific solutions and emphasizes the potential of integrated strategies to mitigate the adverse effects of
heat stress on laying hens in tropical climates.
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1. INTRODUCTION

Poultry production is a vital sector in tropical and subtropical regions, contributing significantly to food
security and rural livelihoods. However, elevated ambient temperatures in these regions pose a serious
threat to poultry health, productivity, and welfare. Laying hens are particularly susceptible to heat stress
due to their high metabolic rate, feather coverage, and limited thermoregulatory mechanisms. Chronic
heat exposure can impair feed intake, reduce egg production, deteriorate plumage condition, and
increase mortality, thereby undermining farm profitability (Lin et al., 2006; Sohail et al., 2012).

Various heat stress mitigation strategies have been employed to counter these adverse effects, including
nutritional supplementation, environmental modification, and physiological acclimatization techniques.
Among these, electrolyte supplementation aims to restore acid-base balance and cellular osmolarity
under stress. Environmental strategies, such as ventilation and evaporative cooling (e.g., sprinklers),
reduce ambient temperature or enhance convective heat loss (Yahav et al., 2005; De Basilio et al.,
2003). Despite their widespread use, comparative evaluations of these interventions under tropical field
conditions remain scarce, especially those assessing both production metrics and animal welfare
indicators.

This study aims to assess the comparative efficacy of three heat stress mitigation strategies—electrolyte
supplementation, sprinkler cooling, and ventilation—on egg production, feed efficiency, and welfare in
laying hens during peak summer months in a tropical setting. The primary objectives were to (i)
quantify changes in performance traits such as egg production and feed conversion ratio (FCR), (ii)
evaluate physiological and welfare markers, including respiratory rate and plumage score, and (iii)
determine statistically significant differences among intervention groups through ANOVA and post hoc
testing.

2. LITERATURE REVIEW
Heat stress (HS) is a major environmental stressor that adversely affects poultry production, especially in
tropical and subtropical regions. Elevated ambient temperatures impair physiological and productive
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performance in laying hens, leading to economic losses and compromised animal welfare (Lara &
Rostagno, 2013; Sohail et al., 2012). HS disrupts thermoregulation, reduces feed intake, alters
endocrine functions, and impairs immune response (Geraert et al., 1996; Yahav et al., 2005).

1. Physiological and Productive Impacts of Heat Stress

Under HS conditions, hens exhibit increased respiratory rate (panting), decreased feed intake, and
reduced egg production and quality (Mashaly et al., 2004). The feed conversion ratio (FCR) also
worsens due to inefficient nutrient utilization (Lin et al., 2006). Chronic HS leads to oxidative stress
and inflammation, compromising intestinal integrity and immunity (Quinteiro-Filho et al., 2010;
Mujahid, 2011).

2. Heat Stress Mitigation Strategies

Several strategies have been explored to alleviate HS in laying hens:

a) Nutritional Interventions

Electrolyte supplementation (Na*, K*, CI") helps restore acid-base balance disrupted by panting-induced
respiratory alkalosis (Borges et al., 2004). Dietary inclusion of antioxidants (vitamin C, E, selenium) and
phytogenics reduces oxidative damage and supports immune function (Sahin et al., 2002; Attia et al.,
2011).

b) Environmental Modifications

Cooling systems such as sprinklers and foggers enhance heat dissipation via evaporative cooling,
improving feed intake and egg production (Lin et al., 2005; Timova & Gous, 2012). Sprinkler systems
have shown significant improvements in behavioral and welfare indices under extreme heat (Donkoh,
1989).

Ventilation systems regulate ambient air flow, removing heat and moisture from poultry houses. Proper
airflow design and high ventilation rates are associated with lower rectal temperatures and mortality
rates (Xin et al., 1997; Yahav et al., 2001).

3. Indicators of Hen Welfare under HS

Behavioral and physiological indicators such as plumage condition, panting frequency, and
corticosterone levels are widely used to assess welfare under HS (Lay et al., 2011; De Jong et al., 2005).
Plumage score is a direct indicator of feather pecking and thermal insulation capacity (Sherwin et al.,
2010).

Respiratory rate increases in response to thermal load and correlates with heat dissipation demands.
Continuous monitoring helps determine the effectiveness of cooling strategies (Mack et al., 2013).

S.t ud‘y (APA | Intervention Advantages Disadvantages / Limitations
citation) Type
Attenuated acute HS effects by
downregulating stress genes and | Tested only in acute HS;
Goel et al, | Nutritional reducing pathogenic gut | requires  processed  pine-
2023 (polyphenols) | penetration, while boosting | polyphenol supplement (cost
antioxidants and beneficial gut | and availability concerns).
bacteria.
3% Spirulina increased final BW
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Chaudhary et | Nutritional ileal ant10x1ldant. (GP.XS), immune .reduce feed efficiency and
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4. Previous Comparative Studies

Comparative assessments reveal that combined strategies (e.g., ventilation + electrolytes) offer synergistic
benefits. For instance, De Basilio et al. (2003) reported that environmental and dietary modifications
together improved egg weight and shell quality. Similarly, Casey-Trott et al. (2017) emphasized that
multi-modal approaches yield the most substantial improvements in welfare and productivity.

Studies specific to tropical climates, such as those by Ogunwole et al. (2019) and Aengwanich (2008),
stress the need for location-specific mitigation frameworks, considering climatic variability and resource
availability.

3. MATERIALS AND METHODS
Experimental Design and Birds
A total of 41 laying hens (Hy-Line Brown, 30 weeks old) were randomly allocated into four groups:
Control (n = 10), Electrolyte supplementation (n = 10), Sprinkler cooling (n = 10), Ventilation
enhancement (n = 11). The experiment was conducted over a 6-week period during peak summer
(ambient temperature: 34-38°C) in a tropical region. All birds were housed in identical cages under
similar lighting and feeding regimes. The groups were exposed to the following treatments:

e Control: no intervention.

¢  Electrolyte: water supplemented with Na+, K+, Cl- salts.

e Sprinkler: overhead misting system (timed 10 min/hr during peak heat).

¢ Ventilation: increased airflow using exhaust fans and roof venting.
Parameters Measured

¢  Egg Production (eggs/hen/day): recorded daily.

¢ Feed Intake (g/hen/day): calculated as daily feed disappearance.

¢ Feed Conversion Ratio (FCR): feed intake divided by egg mass.

e Plumage Score: assessed on a 1-5 visual scale (1 = poor, 5 = excellent).

¢ Respiratory Rate (breaths/min): counted during peak heat (1:00-2:00 PM).
Data Collection and Statistical Analysis
Data were entered into Jamovi (Version 2.4). Descriptive statistics (mean, SD) were calculated for all
variables by treatment group. One-Way ANOVA (Welch's adjustment for unequal variances) was
performed to test group effects for each parameter.Levene’s test was used to assess homogeneity of
variances. Post hoc comparisons were made using Tukey HSD test. P values < 0.05 were considered
statistically significant.

Descriptives
E Feed Plumage
Group Pig)duction Intake FCR Score ; Resp_Rate
Control 10 10 10 10 10
N Electrolyte 10 10 10 10 10
Sprinkler 10 10 10 10 10
Ventilation 11 11 11 11 11
Control 0 0 0 0 0
Missing Electrolyte 0 0 0 0 0
Sprinkler 0 0 0 0 0
Ventilation 0 0 0 0 0
Control 4.01 110 3.66 3.70 50.3
Mean Electrolyte 4.53 118 2.53 2.40 36.5
Sprinkler 5.04 125 2.40 1.90 30.3
Ventilation 4.75 119 2.97 3.00 39.1
Control 4.00 110 3.50 4.00 50.5
Median Electrolyte 4.55 118 2.52 2.50 37.5
Sprinkler 5.20 125 2.45 2.00 29.0
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Ventilation 5.00 120 2.90 3 40
Control 4.00 110 2.752 4.00 55.0
Mode Electrolyte 5.00 115 2.35 3.00 38.0
Sprinkler 5.50 125 2.50 1.00 26.02
Ventilation 5.00 120 2.30 2.002 40.0
Control 0.318 5.24 0.750 | 0.675 5.21
Standard Electrolyte 0.397 5.93 0.144 | 0.966 341
deviation Sprinkler 0.486 1.73 0.194 | 0.876 4.92
Ventilation 0.503 5.75 0.642 | 0.894 5.26
Control 3.60 102 2.75 3 42
Minimum Electrolyte 4.00 105 2.35 1 30
Sprinkler 4.20 111 2.10 1 25
Ventilation 4.00 110 2.20 2 30
Control 4.60 118 4.80 5 59
Maximum Electrolyte 5.00 125 2.75 4 41
Sprinkler 5.50 135 2.70 3 40
Ventilation 5.40 128 4.00 4 47

a More than one mode exists, only the first is reported
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One-Way ANOVA
One-Way ANOVA (Welch's)
F df1 df2 p
Egg Production 12.0 3 20.3 <.001
Assumption Checks
Homogeneity of Variances Test (Levene's)
F df1 df2 p
Egg Production 1.83 3 37 0.159
Plots
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Post Hoc Tests
Tukey Post-Hoc Test - Egg_ Production
Control Mean - 20.520 -1.030 0.745
difference
p-value - 0.052 <.001 0.002
Electrolyte Mean - 0.510 0.225
difference
p-value — 0.058 0.641
. Mean
Sprinkler difference — 0.285
p-value — 0.445
. Mean
Ventilation difference —
p-value —
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One-Way ANOVA
One-Way ANOVA (Welch's)
F df1 df2 p
Feed_Intake 9.37 3 20.3 <.001
Assumption Checks
Homogeneity of Variances Test (Levene's)
F dfl df2 p
Feed_Intake 0.432 3 37 0.731
Post Hoc Tests
Tukey Post-Hoc Test - Feed_Intake
Control Electrolyte Sprinkler Ventilation
Control Mean - -1.70 -14.90 9.19
difference
p-value — 0.042 <.001 0.009
Electrolyte Mean — -1.20 -1.49
difference
p-value — 0.063 0.946
Sprinkler Mean — 5.71
difference
p-value — 0.172
Ventilation Mean —
difference
p-value —
One-Way ANOVA
One-Way ANOVA (Welch's)
F df1 df2 p
FCR 10.1 3 18.8 <.001
Assumption Checks
Homogeneity of Variances Test (Levene's)
F df1 df2 p
FCR 9.88 3 37 <.001
Post Hoc Tests
Tukey Post-Hoc Test - FCR
Control Electrolyte Sprinkler Ventilation
Control Mean — 1.13 1.260 0.687
difference
p-value — <.001 <.001 0.020
Electrolyte Mean — 0.130 0.443
difference
p-value — 0.941 0.215
Sprinkler Mean — 0.573
difference
p-value — 0.067
Ventilation Mean —
difference
p-value _
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One-Way ANOVA
One-Way ANOVA (Welch's)
F df1 df2 p
Resp_Rate 25.8 3 20.2 <.001
Assumption Checks
Homogeneity of Variances Test (Levene's)
F df1 df2 p
Resp_Rate 0.736 3 37 0.537
Post Hoc Tests
Tukey Post-Hoc Test - Resp_Rate
Control Electrolyte Sprinkler Ventilation
Control Mean - 13.8 20.00 11.21
difference
p-value — <.001 <.001 <.001
Mean
Electrolyte difference — 6.20 -2.59
p-value — 0.030 0.605
. Mean
Sprinkler difference — -8.79
p-value — <.001
L Mean
Ventilation difference —
p-value —
4. RESULTS

4.1 Descriptive Statistics

Descriptive statistics for all measured variables across the four experimental groups—Control, Electrolyte
Supplementation, Sprinkler Cooling, and Ventilation—are presented in Table 1. The highest mean egg
production was recorded in the Sprinkler group (M = 5.04 eggs/day), while the Control group exhibited
the lowest (M = 4.01 eggs/day). Feed intake was highest in the Sprinkler group (M = 125 g/day) and
lowest in the Control group (M = 110 g/day). Feed Conversion Ratio (FCR) was most efficient (lowest)
in the Sprinkler group (M = 2.40), compared to the Control group, which had the poorest FCR (M =
3.66). Plumage condition was also best in the Sprinkler group (M = 1.90) and poorest in the Control
group (M = 3.70). The respiratory rate, a physiological indicator of heat stress, was lowest in the
Sprinkler group (M = 30.3 breaths/min) and highest in the Control group (M = 50.3 breaths/min).

4.2 Egg Production

A oneway Welch's ANOVA revealed a significant effect of treatment on egg production, F(3, 20.3) =
12.0, p < .001. Levene’s test indicated that the assumption of homogeneity of variances was met (p =
0.159). Post hoc analysis using Tukey’s HSD showed that the Sprinkler group had significantly higher
egg production than the Control group (mean difference = 1.03, p < .001) and the Electrolyte group
(mean difference = 0.51, p = 0.058). The Ventilation group also outperformed the Control group (mean
difference = 0.745, p = 0.002).

4.3 Feed Intake

Feed intake was significantly affected by treatment group, F(3, 20.3) = 9.37, p < .001. Levene’s test
confirmed homogeneity of variances (p = 0.731). Tukey's post hoc test showed significant differences
between the Control group and Sprinkler group (mean difference = 14.9, p < .001), and between
Control and Ventilation (mean difference = 9.19, p = 0.009). No significant difference was found
between Sprinkler and Ventilation (p = 0.172).
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4.4 Feed Conversion Ratio (FCR)

A significant effect of treatment on FCR was observed, F(3, 18.8) = 10.1, p < .001. However, Levene’s
test indicated a violation of the assumption of homogeneity (p < .001), warranting the use of Welch’s
ANOVA. Tukey’s test showed that FCR was significantly lower in the Sprinkler (mean difference =
1.26, p < .001) and Electrolyte groups (mean difference = 1.13, p < .001) compared to the Control
group. The difference between Sprinkler and Ventilation was marginally significant (p = 0.067).

4.5 Plumage Condition

Descriptive analysis showed that the Sprinkler group had the best plumage condition (M = 1.90),
suggesting better welfare outcomes. Though not tested via ANOVA in the reported results, this trend
supportts the physiological and productivity data.

4.6 Respiratory Rate

There was a significant effect of treatment on respiratory rate, F(3, 20.2) = 25.8, p < .001, with Levene’s
test indicating equal variances (p = 0.537). Tukey’s post hoc test revealed significantly lower respiratory
rates in the Sprinkler group compared to all other groups (Control: -20.0, p < .001; Electrolyte: -6.20, p
= 0.030; Ventilation: -8.79, p < .001). The Control group had the highest respiratory rate, suggesting
severe heat stress.

Table 1. Summary of Descriptive Statistics Across Treatment Groups

Variable Control Electrolyte Sprinkler Ventilation
Eeg Production |, ) 4.53 5.04 4.75
(eggs/day)

Feed Intake (g/day) 110 118 125 119

Feed Conversion

Ratio (ECR) 3.66 2.53 2.40 2.97
Plumage Score (1 =15 - 2.40 1.90 3.00

best)

Resp. Rate

(breaths,/min) 50.3 36.5 30.3 39.1

The Sprinkler cooling system consistently outperformed other heat mitigation strategies across all
parameters—egg production, feed efficiency, welfare (plumage), and physiological stress (respiratory rate).
Electrolyte supplementation and ventilation showed moderate benefits, while the control group
exhibited poor performance and welfare indicators.

5. DISCUSSION

The present study evaluated the efficacy of various heat stress mitigation strategies—electrolyte
supplementation, sprinkler cooling, and ventilation—on egg production, feed efficiency, and welfare
indicators in laying hens under tropical climatic conditions. The findings demonstrate that sprinkler
cooling was the most effective strategy, significantly improving production performance and
physiological resilience in comparison to both control and other intervention groups.

5.1 Impact on Egg Production

Sprinkler cooling led to the highest mean egg production (5.04 eggs/day), significantly outperforming
the control and other treatment groups. This aligns with findings by Lin et al. (2006), who reported that
surface wetting can effectively enhance thermoregulation and laying performance in hens by reducing
core body temperature. The superior outcomes of the sprinkler method may be attributed to its direct
evaporative cooling effect, which mitigates thermal stress more effectively than electrolyte or airflow-
based interventions.

Electrolyte supplementation moderately improved egg production (4.53 eggs/day), potentially by
maintaining acid-base balance and cellular hydration under thermal stress (Sohail et al., 2012).
Although ventilation yielded modest benefits (4.75 eggs/day), its efficacy was comparatively lower than
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sprinkler systems, possibly due to limited ambient air cooling in high-humidity conditions typical of
tropical climates (Zhao et al., 2014).
5.2 Feed Intake and Conversion Efficiency
Sprinkler cooling also resulted in the highest feed intake (125 g/day) and the lowest feed conversion
ratio (FCR = 2.40), indicating optimal nutrient utilization under reduced thermal load. Elevated feed
intake in this group suggests improved comfort and reduced pantingrelated energy expenditure (De
Basilio et al., 2003). In contrast, the control group exhibited the highest FCR (3.66), likely due to
reduced feed consumption and impaired nutrient assimilation under prolonged heat stress.
The electrolyte group also demonstrated efficient FCR (2.53), corroborating previous findings that
suggest oral electrolyte supplementation improves metabolic efficiency during heat stress episodes
(Sayed & Downing, 2011). However, the relatively higher FCR in the ventilation group (2.97) indicates
that passive air movement may not be sufficient to prevent heat-induced feed inefficiencies, especially
during peak ambient temperatures.
5.3 Welfare Indicators: Plumage Condition and Respiratory Rate
Plumage condition and respiratory rate are established indicators of heat stress and welfare in poultry.
The Sprinkler group had the lowest respiratory rate (30.3 breaths/min) and the best plumage condition
score (1.90), suggesting superior thermal comfort. Lower respiratory rates reflect reduced reliance on
evaporative panting for thermoregulation, conserving energy and improving overall welfare (Yahav et
al., 2005). In contrast, the control group showed the highest respiratory rate (50.3 breaths/min) and the
poorest plumage condition (3.70), consistent with symptoms of chronic heat stress and feather pecking
behavior (Campo & Davila, 2002).
5.4 Comparative Efficacy of Mitigation Strategies
The differential effectiveness of the three mitigation strategies can be attributed to their underlying
physiological mechanisms:
e Sprinkler Cooling provides direct evaporative heat loss, effectively lowering skin and core body
temperature.
e Electrolyte Supplementation modulates physiological homeostasis and reduces cellular
dehydration, but lacks direct cooling.
e Ventilation enhances convective heat loss but may be ineffective under high humidity, a
common feature of tropical regions.
These results highlight the importance of choosing climate-adaptive strategies based on regional
environmental parameters. Sprinkler systems may offer a cost-effective and efficient solution for semi-
intensive and intensive poultry operations in hot-humid zones.
5.5 Limitations and Future Directions
While the study demonstrates compelling evidence favoring sprinkler cooling, several limitations must
be acknowledged:
e  The sample size was relatively small (n = 10-11 per group), potentially limiting generalizability.
e Environmental parameters such as humidity and wind speed were not dynamically recorded.
e Behavioral indicators of stress (e.g., vocalization, time spent panting) were not assessed.
Future studies should incorporate larger sample sizes, longitudinal assessments across seasons, and
integration of behavioral and biochemical welfare markers (e.g., corticosterone levels). The inclusion of
economic analysis would also aid in evaluating the cost-effectiveness of each strategy.

6. CONCLUSION AND RECOMMENDATIONS
The present study provides compelling evidence that sprinkler cooling is the most effective
intervention for mitigating heat stress in laying hens under tropical conditions. Hens exposed to
sprinkler cooling exhibited:

e The highest egg production and feed intake;

e The most efficient feed conversion ratios (FCR);

e The lowest respiratory rates, indicating superior thermal comfort;

e Improved plumage condition, reflecting enhanced welfare.
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Electrolyte supplementation and ventilation showed partial efficacy, improving certain performance or
welfare indicators but not all. These findings are consistent with previous literature supporting the role
of direct evaporative cooling in reducing physiological strain and enhancing productivity (Lin et al.,
2006; Zhao et al., 2014).

Practical Recommendations

Adoption of sprinkler systems should be prioritized in intensive and semi-intensive layer farms in hot-
humid climates, especially where infrastructure permits. Electrolyte supplementation may be used as an
adjunct strategy during acute heat events or in facilities lacking evaporative cooling systems. Ventilation
should be optimized but may not suffice as a standalone method under high humidity.

Future Directions

Longitudinal studies assessing seasonal impacts and long-term physiological adaptation. Cost-benefit
analyses comparing initial setup and maintenance of each mitigation strategy. Inclusion of behavioural
and biochemical stress markers (e.g., corticosterone levels) to deepen welfare assessment.By integrating
both production and welfare perspectives, this research supports evidence-based recommendations to
enhance poultry resilience and productivity in heatstressed tropical environments.
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