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Abstract

This review addresses the intricate challenges posed by heat stress on lactating sows 

within the context of swine production. As temperatures continue to rise globally, the 

physiological responses of lactating sows to heat stress, including thermoregulation, 

hormonal dynamics, and metabolic impacts, become increasingly critical. The 

exploration encompasses diverse facets, including ambient temperature, humidity, 

ventilation, and current management practices. Analyzing existing approaches reveals 

nutritional strategies, technological innovations, and dietary adjustments aimed at 

enhancing thermal resilience. Furthermore, advancements in cooling systems, smart 

farming solutions, and considerations for sow welfare are explored. The review extends 

to stress indicators, enrichment strategies, and genetic approaches, emphasizing the 

importance of holistic farm management. The complexities of selective breeding, genetic 

markers, and molecular tools are unveiled alongside reproductive and lactation 

management strategies. The discussion culminates in holistic farm management, 

success stories, and a forward-looking exploration of emerging technologies and 

unexplored frontiers in heat stress mitigation for lactating sows. This synthesis 

contributes to a nuanced understanding and strategic approach to ensure the well-being 

and productivity of lactating sows within the evolving landscape of contemporary swine 

production.

Keywords: Heat stress, Lactating sows, Thermoregulation, Environment, Nutrition, 

Genetic, Holistic farm

INTRODUCTION

The well-being and productivity of lactating sows in swine production are linked to the 

challenges posed by heat stress [1–3]. As global temperatures rise and climatic patterns become 

more unpredictable, the adverse effects of heat stress on these contributors to the industry 

demand comprehensive exploration and strategic solutions. Lactating sows are particularly 

susceptible to heat stress because milk production substantially increases metabolic heat load, 

exceeding the sow’s capacity for thermoregulation under high ambient temperatures [4]. This review 

evaluates the multifaceted aspects of heat stress in lactating sows, encompassing physiological 
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responses, environmental influences, existing mitigation approaches, and emerging strategies. 

Effects of dietary [5,6], technological [7,8], and genetic [9,10] interventions are essential to the 

intricate interplay of thermoregulation, hormonal dynamics, and environmental factors in order 

to have a holistic understanding of effective management practices. From the complexities of 

recognizing stress indicators to the successes and challenges in selective breeding, this exploration 

seeks to contribute to the evolving discourse on heat stress in lactating sows. In this review 

report, understanding the current knowledge, limitations, and unexplored territories will be 

discussed aiming to evaluate a resilient and sustainable future in swine production under the 

constraints of a changing climate.

Heat stress in lactating sows

The contextualization of heat stress in lactating sows within the domain of swine production 

elucidates a critical concern necessitating profound inquiry. Heat stress, arising from elevated 

ambient temperatures, instigates a cascade of intricate physiological responses in lactating sows, 

each facet underscoring the organisms endeavor to maintain homeostasis amidst thermal adversity 

[4,11]. Central to these adaptive mechanisms is the induction of heat shock protein (HSP), a 

conserved cellular defense mechanism activated in response to thermal stress [1,2,12]. HSPs, 

through their molecular chaperoning functions, mitigate protein denaturation and facilitate 

cellular repair, thereby safeguarding vital cellular structures and functions [1]. Concurrently, the 

endocrine system orchestrates an intricate response to heat stress, with cortisol emerging as a 

key player [13–15]. Elevated cortisol levels, indicative of the stress response, influence metabolic 

processes, in turn, modulate immune functions, emphasizing the systemic impact of heat stress 

[16,17]. Moreover, the thyroid hormone axis undergoes perturbations, influencing thermogenic 

processes and contributing to the overall metabolic recalibration observed during thermal stress 

[18,19]. The intersection of these molecular and endocrine responses underscores the nuanced 

nature of the physiological adaptations employed by lactating sows in the face of heat stress. 

Increased respiration rates, a consequence of thermal stress, further exacerbate metabolic 

demands, necessitating a delicate balance between respiratory and thermoregulatory functions 

[7,20]. In unraveling these intricate physiological responses, this exploration not only provides 

a foundational understanding of the challenges posed by heat stress but also serves as a precursor 

to the subsequent delineation of targeted mitigation strategies for sustaining optimal lactation 

performance in swine production systems.

Thermoregulation, hormones, and environmental influences

The thermoregulatory challenges confronted by lactating sows amid heat stress constitute a 

multifaceted interplay of physiological mechanisms essential for thermal homeostasis. Central to 

this paradigm is the thermoneutral zone, the temperature range wherein sows can maintain basal 

metabolic rates without expending energy on thermoregulatory efforts. Beyond this range, a series 

of adaptive responses ensue to dissipate excess heat. Vasodilation, a primary thermoregulatory 

mechanism, facilitates increased blood flow to peripheral tissues, promoting heat dissipation 

through convective and conductive processes [21]. Concurrently, the onset of sweating, albeit 
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limited in swine, coupled with increased respiration rates, serves as an evaporative cooling 

mechanism crucial for thermal equilibrium [7,20,22]. These responses, orchestrated by the central 

nervous system and modulated by peripheral receptors [23], aim to counteract the deleterious 

effects of hyperthermia on cellular function.

Hormonal and metabolic impacts further underscore the systemic consequences of heat stress 

in lactating sows [17,22]. The hypothalamic-pituitary-adrenal (HPA) axis assumes a pivotal role, 

with the release of cortisol, the principal glucocorticoid, orchestrating adaptive responses [24]. 

While cortisol mobilizes energy reserves through gluconeogenesis and lipolysis [1,24], its chronic 

elevation poses a challenge, inducing catabolism and compromising nutrient utilization. The 

thyrotropic axis, concurrently affected, manifests alterations in thyroid hormone secretion, 

influencing metabolic rate and energy expenditure [22]. This intricate interplay of endocrine 

mediators implicates broader metabolic shifts, potentially compromising lactation efficiency.

Environmental factors influence the manifestation and severity of heat stress in lactating sows 

[3]. Ambient temperature and humidity enforce the thermal challenge faced by sows [7]. As 

ambient temperatures increase, the efficiency of convective and evaporative cooling diminishes, 

intensifying the strain on thermoregulatory mechanisms [11]. Ventilation assumes critical 

importance, with inadequate air exchange fostering the accumulation of heat and exacerbating 

thermal stress [25]. Consideration of air quality is often overlooked, as poor ventilation not only 

compromises thermal regulation but also exposes sows to respiratory challenges [7]. 

Environmental conditions strongly influence the thermoregulatory, hormonal, and metabolic 

responses of lactating sows, highlighting the need for clear strategies to alleviate the negative 

impacts of heat stress in swine production.

Ambient conditions, ventilation, and current management challenges

The interplay of ambient temperature and humidity profoundly influences the thermal comfort 

of lactating sows [3,26], necessitating an examination to comprehend the intricate physiological 

responses and inform adaptive management strategies. Elevated ambient temperatures, 

particularly in combination with high humidity levels increase the challenge in the sow ability 

to dissipate heat efficiently [27]. Thermoregulatory mechanisms, including vasodilation and 

evaporative cooling, become less effective during heat stress [9]. Consequently, a comprehensive 

understanding of the thermal thresholds and thermoneutral zones specific to lactating sows is 

important for devising targeted interventions. Ventilation and air quality, pivotal components of 

the microenvironment, exert influence on thermal dynamics [25]. Inadequate ventilation 

compromises the removal of heat and humidity, intensifying the thermal burden on sows [25]. 

Furthermore, suboptimal air quality, marked by elevated levels of ammonia and particulate matter, 

not only compromises respiratory health but also exacerbates heat stress by impeding efficient 

cooling mechanisms [7,19]. Effective ventilation strategies, encompassing airflow rates, directional 

control, and pollutant removal, thus emerge as pivotal elements in mitigating the adverse effects 

of heat stress on lactating sows.

Current management practices and challenges encapsulate a spectrum of considerations, 

spanning nutrition, housing, and husbandry protocols, each intricately linked to the overarching 
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goal of alleviating heat stress in lactating sows [21]. Dietary strategies, tailored to augment 

thermotolerance, represent a central facet, with the inclusion of heat-mitigating additives and 

adjustments in nutrient composition aiming to enhance metabolic resilience. Management 

protocols necessitate synchronization with the physiological demands of lactation, requiring 

meticulous attention to reproductive scheduling and weaning strategies. Challenges persist in 

reconciling these multifaceted aspects [28], with limitations in existing approaches underscored 

by the need for integrated, interdisciplinary strategies. Consequently, a critical appraisal of current 

management practices, scrutinizing their efficacy in the context of heat stress, sets the stage for 

informed recommendations aimed at augmenting the thermal resilience of lactating sows within 

contemporary swine production paradigms.

Approaches, limits, and nutritional strategies for heat stress

An examination of existing approaches to mitigate heat stress in lactating sows emphasizes 

a critical analysis of the multifaceted strategies employed within the swine production paradigm. 

Existing interventions encompass a spectrum of modalities, spanning nutritional, environmental, 

and management domains, each striving to ameliorate the thermal challenges encountered by 

lactating sows [3,26]. However, an appraisal of these approaches reveals inherent limitations that 

underscore the complexity of mitigating heat stress. Environmental modifications, such as shade 

provision and improved ventilation, although impactful to some extent, but inadequate in 

alleviating the thermal burden during peak heat events [3,23]. Management practices, including 

altered reproductive schedules and weaning strategies, while contributing to stress reduction, pose 

logistical challenges and may compromise overall production efficiency.

In the realm of nutritional strategies for heat stress alleviation, the focus extends to the 

modulation of dietary composition and the incorporation of specific supplements tailored to 

enhance thermotolerance [1]. Nutritional interventions aim to address the increased metabolic 

demands imposed by heat stress and mitigate the associated catabolic effects. Strategic 

adjustments in nutrient composition, including alterations in protein, energy, fiber, and amino 

acid levels, serve to optimize nutrient utilization under thermal duress [1,29,30]. Additionally, 

the inclusion of feed additives, such as antioxidants, electrolytes, and direct-fed microbials, targets 

specific facets of the physiological response to heat stress [31,32]. Antioxidants, for instance, 

counteract oxidative stress induced by thermal challenges, while electrolytes aid in maintaining 

electrolyte balance compromised during increased respiration rates [31,32]. A thorough 

understanding of the mode of action of these nutritional strategies, at the molecular and 

metabolic levels, forms the crux of advancing targeted interventions [10,11,33]. Yet, limitations 

persist, necessitating ongoing research endeavors to refine nutritional protocols and devise 

innovative formulations that comprehensively address the intricate physiological dynamics 

underpinning heat stress in lactating sows.

Dietary resilience, supplements, feed additions, and technology

In the pursuit of enhancing thermal resilience in lactating sows, dietary adjustments stand as 

a pivotal avenue, leveraging intricate nutritional modulation to fortify metabolic capacities 
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[1,5,29,34]. The optimization of nutrient composition, particularly focusing on energy and 

protein levels is geared towards mitigating the increased energy expenditure and catabolic effects 

induced by heat stress. Furthermore, the nuanced role of amino acids, such as arginine and 

glutamine, becomes pronounced, serving as precursors for nitric oxide production and 

contributing to the modulation of immune responses and vascular function [21,35]. Beyond 

macronutrient manipulation, micronutrients assume significance, with vitamins and minerals 

acting as cofactors in various enzymatic reactions implicated in thermoregulation and cellular 

homeostasis [9,36].

Concurrently, the role of nutritional supplements in enhancing thermal resilience unfolds as 

a distinctive facet. Antioxidants, including vitamins C and E, selenium, and carotenoids, operate 

at the cellular level, counteracting oxidative stress induced by thermal challenges [17,36]. 

Moreover, the inclusion of omega-3 fatty acids, notably eicosapentaenoic acid and 

docosahexaenoic acid, not only confers anti-inflammatory properties but also influences 

membrane fluidity, potentially ameliorating the deleterious effects of thermal stress on cellular 

structures [37–39]. Innovations in feed additives represent an evolving frontier, capitalizing on 

advancements in nutritional science and biochemistry. Probiotics and prebiotics, for instance, 

modulate the gut microbiota [40–42], fostering a symbiotic relationship that contributes to 

immune modulation and nutrient absorption. Direct-fed microbials, encompassing beneficial 

bacteria and yeast, operate through mechanisms such as competitive exclusion and immune 

stimulation, enhancing gastrointestinal health [43–45]. Phytogenic feed additives, derived from 

plants, showcase antioxidant and anti-inflammatory properties, further expanding the repertoire 

of nutritional strategies [46–48].

Cooling systems, smart farming, microenvironments, and welfare

Simultaneously, technological innovations in housing and facilities emerge as indispensable 

components against heat stress. Precision cooling systems, employing evaporative cooling pads 

and misting technologies, provide localized temperature control within housing structures 

[7,22,49]. Smart farming solutions, encompassing environmental sensors and automated climate 

control, enable real-time monitoring and adaptive adjustments, optimizing the microenvironment 

for sow well-being [50]. Additionally, the integration of thermography and precision livestock 

farming technologies facilitates early detection of thermal stress indicators, allowing for proactive 

interventions.

Advances in cooling systems represent a paradigm shift in the management of heat stress for 

lactating sows, leveraging technological innovation to optimize thermal comfort within housing 

structures [7,22,49]. Evaporative cooling pads, a cornerstone of modern cooling systems, facilitate 

efficient heat dissipation through the evaporation of water, effectively lowering the ambient 

temperature [7,22,49]. Complementary to this, misting technologies operate on the principles of 

adiabatic cooling, harnessing the heat absorption capacity of water droplets to reduce the overall 

temperature of the environment [7]. These systems, often integrated with precision climate 

control algorithms, enable fine-tuned adjustments to match sow-specific thermal requirements. 

Concurrently, smart farming solutions guide a transformative era in climate control, employing 



Heat stress mitigation in lactating sows

6∣http://www.e-ait.org https://doi.org/10.5187/ait.2400022

a network of environmental sensors and automated feedback mechanisms [9,51]. These sensors, 

measuring parameters such as temperature, humidity, and air quality, provide real-time data that 

informs adaptive adjustments in ventilation rates, cooling systems, and microenvironmental 

conditions. The integration of artificial intelligence algorithms further refines these systems, 

allowing for predictive modeling and proactive interventions to preemptively address impending 

heat stress challenges.

Optimizing microenvironments for lactating sows encompasses a holistic approach that extends 

beyond traditional cooling methods. Tailored housing designs, featuring shaded areas and 

strategic positioning of cooling apparatus, aim to create zones where sows can selectively seek 

thermal relief. Moreover, the introduction of adjustable microclimate zones within housing 

structures, facilitated by curtains or partitions, permits dynamic management of temperature 

gradients, accommodating the diverse thermal preferences of individual sows [10,52,53]. The 

optimization of flooring materials, incorporating heat-dissipating materials and providing 

comfortable resting areas, further contributes to enhancing the overall microenvironment and 

mitigating thermal stress.

Behavioral and welfare considerations emerge as intrinsic components in the discourse of heat 

stress management, emphasizing the psychological and physiological well-being of lactating sows 

[3,54,55]. Beyond the physiological manifestations, heat stress impacts the behavioral repertoire 

of sows, often leading to altered feeding patterns, reduced activity levels, and altered social 

interactions [55,56]. Recognizing these behavioral indicators becomes imperative for early 

detection and intervention. Enrichment strategies, encompassing the provision of manipulable 

materials and environmental stimuli, aim to mitigate stress through the promotion of natural 

behaviors. Additionally, considerations for space allowance and social dynamics within groups of 

lactating sows play a pivotal role in fostering a positive welfare state [57–59]. In the convergence 

of technological innovation, microenvironment optimization, and behavioral welfare 

considerations, a comprehensive approach to managing heat stress in lactating sows materializes, 

grounded in both scientific principles and ethical dimensions within contemporary swine 

production systems.

Stress recognition and enrichment strategies

Recognizing stress indicators in lactating sows is an important issue, requiring an in-depth 

understanding of both physiological and behavioral manifestations. Physiologically, heat stress 

induces alterations in hormonal profiles, with increased cortisol levels serving as a primary 

indicator of the stress response [7,13,60]. Furthermore, the activation of the HPA axis contributes 

to systemic physiological changes, including alterations in metabolic processes and immune 

functions [15,16]. Behaviorally, lactating sows exhibit shifts, including increased respiration rates, 

reduced feed intake, altered lying patterns, and heightened restlessness [1,5,7]. The integration 

of precision monitoring technologies, such as accelerometers and thermal imaging, allows for 

non-invasive, real-time assessment of these indicators. Enrichment strategies, designed to enhance 

the well-being of lactating sows, constitute a proactive approach in mitigating stressors. 

Environmental enrichment, encompassing the provision of manipulable materials, rooting 
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substrates, and spaces conducive to exploratory behaviors, offers a means of stimulating cognitive 

engagement and attenuating stress responses [52,58]. Additionally, nutritional enrichment, 

involving the incorporation of palatable and varied diets, serves to not only address dietary 

preferences but also provide a sensory dimension to the sow's environment [4,61,62]. 

Selective breeding and genetic

Selective breeding for heat-tolerant traits represents a pivotal avenue in the ongoing pursuit 

of enhancing thermotolerance in lactating sows within the context of swine production. The 

foundational principle lies in the identification and prioritization of specific phenotypic traits that 

confer thermoregulatory advantages. Genetic approaches to heat resilience present a frontier 

rooted in selective breeding for thermotolerant traits [9,10,63]. Identifying genetic markers 

associated with heat resilience enables the targeted enhancement of adaptive mechanisms [9]. 

Polymorphisms related to thermoregulatory pathways, such as those involved in HSP or immune 

responses, offer potential avenues for genetic selection [63]. Integrating genomic tools and 

molecular breeding strategies allows for the systematic improvement of sow populations, fostering 

enhanced resilience to heat stress [9,63]. In the convergence of physiological monitoring, 

enrichment strategies, and genetic advancements, a multifaceted framework emerges for 

recognizing, mitigating, and preemptively addressing the deleterious effects of heat stress in 

lactating sows within the context of contemporary swine production. Traits encompassing both 

physiological and behavioral adaptations to heat stress are targeted, including increased HSP 

expression [12], efficient heat dissipation mechanisms [10], and altered thermoregulatory 

behaviors [3,55,56]. The integration of advanced genomic tools and molecular techniques 

facilitates the identification of heritable markers associated with these advantageous traits. 

Genome-wide association studies and quantitative trait loci analyses [8] unveil the genetic 

variants linked to heat resilience, providing a roadmap for selective breeding programs. Molecular 

tools, such as single nucleotide polymorphism markers, enable precise and efficient selection of 

desired traits, fostering accelerated progress in breeding programs [8].

Complementary to genetic advancements, management protocols and best practices emerge as 

indispensable components in mitigating the impact of heat stress on lactating sows. The strategic 

synchronization of reproductive cycles with environmental conditions, known as seasonal breeding 

management, allows for the optimization of lactation periods during mild climatic phases [9,10]. 

Additionally, strategic weaning practices, such as adapting weaning ages to align with periods 

of reduced heat stress [34], contribute to reducing the overall thermal burden on sows. Further, 

the implementation of heat abatement strategies within housing structures, including shade 

provision, adequate space allowance, and optimized ventilation, represents a synergy between 

genetic advancements and environmental management [9,58,63]. The integration of these 

multifaceted management protocols aligns with the broader goal of ameliorating the adverse 

effects of heat stress on lactating sows and underscores the necessity for a holistic approach that 

integrates genetic, environmental, and husbandry considerations within contemporary swine 

production paradigms.
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Reproductive and lactation strategies

Reproductive and lactation management in heat-stressed environments necessitates an 

understanding of the interplay between the physiological demands of reproduction and the 

challenges imposed by thermal stress on lactating sows. Heat stress profoundly influences 

reproductive performance, as evidenced by disruptions in estrous expression, altered follicular 

development, and compromised oocyte quality [11,20]. Thermal stress during gestation further 

exacerbates these challenges, leading to reduced litter sizes and compromised fetal development 

[10,23]. In lactation, heat stress imposes additional burdens, manifesting as diminished milk 

production and altered composition, ultimately compromising the growth and vitality of piglets 

[20,61]. Consequently, comprehensive heat stress prevention strategies are essential to safeguard 

reproductive success and lactation efficiency. Precision cooling systems, strategically implemented 

within farrowing facilities, aim to create microenvironments that alleviate thermal stress during 

critical reproductive and lactation phases [7,49]. Moreover, nutritional interventions, tailored to 

the specific metabolic demands imposed by heat stress, serve to enhance the overall resilience 

of lactating sows [1,24,36]. Antioxidant supplementation, such as vitamin E and C, mitigates 

oxidative stress, preserving reproductive and lactation performance [17,36]. The inclusion of 

amino acids, particularly those influencing the production of neurotransmitters and hormones, 

aids in modulating stress responses [24,61]. Additionally, the integration of minerals, such as 

selenium, chromium and zinc, augments metabolic pathways implicated in thermal adaptation 

[17,64]. Integrated approaches, culminating in case studies, provide contextualized insights into 

the application and efficacy of multifaceted strategies. Case studies illuminate the intricate 

orchestration of genetic, nutritional, and environmental interventions within specific production 

systems, shedding light on the practical challenges and successes encountered. In unraveling these 

complexities, an academic discourse emerges, emphasizing the necessity of a holistic approach 

that amalgamates scientific understanding with practical applications to mitigate the multifactorial 

impact of heat stress on reproductive and lactating sows in modern swine production.

Holistic farm management 

Holistic farm management strategies represent a multifaceted paradigm encompassing the 

integration of genetic, environmental, nutritional, and managerial facets to ameliorate the impact 

of heat stress on lactating sows within the broader context of swine production. These strategies 

pivot on the premise that addressing heat stress necessitates a comprehensive understanding of 

the interconnected factors influencing the sow's physiological responses to elevated temperatures. 

Genetic selection for thermotolerance, coupled with precision climate control systems, forms the 

genetic-environmental nexus, optimizing the microenvironment within housing structures 

[9,10,63]. Concurrently, nutritional strategies tailored to sow-specific metabolic demands 

contribute to the holistic approach by bolstering thermoregulatory efficiency and mitigating the 

systemic effects of thermal stress [21,24]. Successful farm management encompasses reproductive 

scheduling aligned with periods of reduced heat stress, strategic weaning protocols, and the 

incorporation of effective cooling measures [6]. Success performance in heat stress management 

provides insights into the tangible benefits of holistic strategies. These improvements in 
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reproductive performance, enhanced sow welfare, and increased piglet vitality within specific 

production contexts [1,11]. However, despite these successes, future directions and research gaps 

necessitate continued inquiry to refine existing strategies and unearth novel approaches. The 

molecular underpinnings of thermotolerance, including the identification of additional genetic 

markers and pathways, remain areas ripe for exploration. Moreover, an in-depth understanding 

of the long-term implications of holistic interventions, spanning multiple reproductive cycles, is 

pivotal for the sustained success of such strategies. The integration of emerging technologies, 

such as artificial intelligence and advanced genomics, holds promise in revolutionizing heat stress 

management and improving resilient and sustainable future in swine production.

Emerging unexplored frontiers in heat stress

Emerging technologies and research frontiers in the domain of heat stress mitigation for 

lactating sows herald a paradigmatic shift, marked by the infusion of cutting-edge tools and 

innovative methodologies that delve into unexplored areas of physiological adaptation and 

environmental manipulation. On the forefront of research frontiers lies the application of 

advanced genomics, where high-throughput sequencing techniques, coupled with precision 

genome-editing technologies such as single-nucleotide polymorphism and genome-wide 

association studies, offer unprecedented opportunities for the identification and manipulation of 

specific genetic loci associated with heat resilience [8,65]. The integration of transcriptomics and 

metabolomics unveils intricate molecular pathways and metabolite signatures indicative of 

thermotolerance [2,12], providing a holistic understanding of the adaptive responses within the 

sow. Concurrently, the utilization of artificial intelligence and machine learning algorithms, 

harnessing large-scale datasets encompassing genotypic, phenotypic, and environmental 

parameters, facilitates predictive modeling of heat stress susceptibility and aids in the formulation 

of personalized interventions.

Environmental manipulation, guided by advancements in precision livestock farming, 

represents another unexplored frontier [18,20,52]. Real-time monitoring systems, equipped with 

environmental sensors and thermographic imaging, enable the assessment of thermal dynamics 

and sow well-being [18]. Moreover, the incorporation of microclimate modulation within housing 

structures, leveraging smart materials and adaptive control systems, allows for precise adjustment 

of temperature gradients, catering to the diverse thermal preferences of individual sows. The 

exploration of uncharted territories also extends to the microbiome, with investigations into the 

gut and skin microbiota fostering insights into the symbiotic relationships influencing immune 

function and thermoregulation.

Furthermore, the intersection of behavioral sciences and heat stress research unveils unexplored 

cognitive dimensions, delving into stress coping mechanisms, social dynamics, and the impact 

of enriched environments on sow behavior [3,54]. In this amalgamation of emerging technologies 

and research frontiers, the unexplored areas in heat stress mitigation manifest as intricate 

landscapes where molecular, environmental, and behavioral intricacies converge. Continued 

inquiry into these realms is pivotal for the holistic advancement of heat stress management 

strategies, offering a nuanced understanding of the physiological, genetic, and environmental 
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nuances influencing the resilience of lactating sows within contemporary swine production 

paradigms.

CONCLUSION

In conclusion, mitigating heat stress in lactating sows demands a holistic strategy integrating 

nutritional, technological, genetic, and behavioral considerations. Physiological responses to 

elevated temperatures involve intricate mechanisms like vasodilation and hormonal modulation. 

Environmental factors such as temperature, humidity, and ventilation significantly impact heat 

stress severity. Strategies explored encompass dietary adjustments, technological innovations, 

genetic approaches, and behavioral considerations. Holistic farm management, combining these 

elements, shows tangible benefits in reproductive performance and sow welfare. Emerging 

technologies like genomics, artificial intelligence, and microbiome research offer new avenues. 

Future research must explore the long-term implications and sustainability of interventions. 

Integrating these advancements promises to reshape our understanding and management of heat 

stress in lactating sows, ensuring their well-being and productivity in modern swine production.
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