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INTRODUCTION

In recent years, the rise in global temperatures has posed a formidable challenge to animal
agriculture, particularly in tropical and subtropical regions like India. Livestock, unlike humans, have
limited mechanisms to dissipate excess heat, making them highly vulnerable to thermal stress. When
the ambient temperature exceeds the animal’s thermoneutral zone, it disrupts normal physiology—
leading to decreased productivity, poor reproductive efficiency, and compromised immune function.

Heat stress not only affects the comfort and welfare of animals but also threatens food security and
farm economics. In dairy animals, it can cause a 20-30% drop in milk yield, while in poultry; it often
results in higher mortality rates and reduced egg production. These challenges are expected to
intensify with ongoing climate change, calling for sustainable and scientifically driven interventions.
Understanding the physiological responses of livestock to heat—such as increased respiration rate,
hormonal imbalance, and oxidative stress—is the first step toward effective mitigation. Recent
advances in housing design, nutritional strategies, genetic selection, and precision livestock farming
offer promising solutions to safeguard animal health and productivity in a warming world. This article
explores how animals respond to heat stress and highlights the emerging strategies that can help

farmers adapt and thrive in a changing climate.
Physiological Responses to Heat Stress

Heat stress in livestock occurs when the animal's heat load exceeds its capacity to dissipate heat,
typically under conditions of high ambient temperature, humidity, solar radiation, and limited air
movement. To maintain thermal homeostasis, animals initiate a series of integrated physiological
responses at behavioral, systemic, and cellular levels. However, prolonged exposure to heat stress
often leads to metabolic imbalance, oxidative damage, and declines in productivity and health
(Bernabucci et al., 2010).
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1. Thermoregulatory Adjustments:
The primary responses include:

e Increased respiration rate (panting): Enhances evaporative heat loss from the respiratory

tract.

o Peripheral vasodilation: Blood flow is redirected from the core to the skin to facilitate heat

dissipation.
¢ Reduced feed intake: Minimizes metabolic heat production.

o Elevated body temperature: Rectal temperatures often increase by 1-2°C under moderate

stress and more under extreme heat (Dash et al., 2016).
2. Endocrine and Metabolic Alterations:
Heat stress alters several hormonal pathways:

e Cortisol levels rise- indicating hypothalamic-pituitary-adrenal (HPA) axis activation and

systemic stress (Marai et al., 2007).

¢ Thyroid hormones (T3 and T4) decrease- reducing basal metabolic rate and endogenous heat
production (Silanikove, 2000).

o Insulin sensitivity is altered- often resulting in glucose and energy imbalance (Wheelock et
al., 2010).

Additionally, rumen motility and digestion efficiency are reduced in ruminants due to changes in

blood flow and gastrointestinal function.
3. Oxidative Stress and Cellular Responses:

e Under thermal stress, the generation of reactive oxygen species (ROS) exceeds the animal's
antioxidant defense capacity, resulting in oxidative stress, lipid peroxidation, and cellular injury
(Trevisi & Bertoni, 2009).

To counteract these effects, cells increase the synthesis of heat shock proteins (HSPs)—
particularly HSP70—which help in protein refolding, membrane stabilization, and cytoprotection
(Collier et al., 2008).

Summary Table: Key Physiological Responses

Parameter Normal State Under Heat Stress
Respiration Rate (cattle) 20-30/min 80-120/min

Rectal Temperature ~38.5°C 39.5-41.5°C

Feed Intake Normal | by 10-35%
Cortisol Baseline levels 1 2-3 times

T3/Ta Levels Normal metabolism 1 30-50%

ROS / Oxidative stress Balanced 1 (Oxidative damage)
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Emerging Mitigation Strategies against Heat Stress in Livestock:

As global temperatures continue to rise due to climate change, the need for effective and sustainable
heat stress mitigation strategies in livestock production has become more urgent. Recent advances
in animal physiology, nutrition, housing design, genetics, and digital technology offer integrated
solutions to maintain animal health, productivity, and welfare under heat stress conditions. Here,

we outline the most promising and practical strategies currently emerging in the field.
1. Environmental and Housing Modifications

Improving the microclimate around animals is one of the most effective approaches to reduce

thermal load.

e Shading systems: Use of natural (trees) or artificial (shade cloth, roofing) structures

significantly reduces solar radiation and improves animal comfort (Renaudeau et al., 2012).

o« Evaporative cooling systems: Fans combined with sprinklers or misters reduce skin and core

body temperature, especially in dairy cattle and poultry (Collier et al., 2006).

e Improved ventilation and insulation: Proper airflow and reflective roofing materials in sheds
or barns can minimize heat accumulation, particularly in confined systems (West, 2003). Thermal
Ventilation Model (TVM) designed specifically for pig housing in hot, humid climates. The model
integrates temperature and humidity control using Model Predictive Control (MPC), dynamically
adjusting ventilation rates to maintain optimal conditions. Results showed improved thermal

comfort—with 100% comfort in spring and 83% in summer (Wei et al., 2025).
2. Nutritional Interventions

Nutritional strategies aim to reduce metabolic heat production and improve resilience against

oxidative and electrolyte imbalances.

e Feeding during cooler periods: Offering feed during early morning or late evening hours

improves intake and digestion efficiency.

¢ High-energy, low-fiber rations: Reducing the heat increment of feed by substituting digestible

fats for fiber helps in limiting internal heat production (Baumgard & Rhoads, 2013).

¢ Antioxidants and osmolytes: Supplementation with vitamin E, vitamin C, selenium, betaine,
and zinc supports cellular antioxidant defense and maintains electrolyte balance (Sahin et al.,
2002).

¢ Electrolyte supplementation: Replenishment of sodium, potassium, and chloride ions helps to
restore acid-base balance and maintain hydration status (Sejian et al., 2015).

3. Genetic and Breeding Approaches

Genetic improvement offers a long-term solution by enhancing the animal’s innate ability to

tolerate heat.

¢ Use of heat-tolerant indigenous breeds: Bos indicus cattle (e.g., Sahiwal, Tharparkar), hair
sheep (e.g., Malpura), and hardy goats (e.g., Osmanabadi) show superior heat tolerance
compared to exotic breeds (Gaughan et al., 2010).
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¢ Introgression of heat-tolerant genes: The SLICK hair gene, found in Senepol and other
tropical breeds, is being introduced into Holstein populations to improve thermotolerance without

compromising productivity (Ortiz-Coldn et al., 2018).

¢ Marker-assisted and genomic selection: Advances in molecular genetics allow for the
selection of animals based on heat-tolerance traits such as lower rectal temperature, respiration

rate, and HSP expression (Kadzere et al., 2002).
4. Precision Livestock Farming (PLF) Technologies

Technological innovations provide real-time monitoring and automated interventions to prevent

or respond to heat stress.

e Wearable biosensors: Devices that measure body temperature, respiration rate, and activity

can detect early signs of thermal discomfort.

¢ Automated environmental control: Smart barns with climate-controlled systems use

temperature and humidity sensors to regulate ventilation and cooling systems efficiently.

e Thermal imaging cameras: Non-invasive tools to assess body surface temperature and detect

heat stress before clinical signs appear (Montanholi et al., 2008).
CONCLUSIONS

Mitigating heat stress in livestock is not achievable through a single intervention. Given the
complexity of physiological responses and environmental interactions, a holistic and integrative
approach is essential. Combining environmental modifications, targeted nutritional strategies,
genetic improvement, and precision livestock technologies provides the most effective and

sustainable means of enhancing animal resilience to thermal stress.

Such integrative strategies not only safeguard animal health and productivity but also align with
broader goals of climate-resilient farming, economic viability, and animal welfare. As climate change
continues to challenge conventional livestock systems, adopting science-backed, adaptive solutions
will be critical for ensuring food security and sustainable animal agriculture in the decades ahead.
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