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			Abstract | Poultry production is one of the most rapidly expanding sectors in global animal agriculture, playing a crucial role in ensuring food security through the provision of affordable, high-quality animal protein. In recent years, the industry has undergone substantial transformation driven by technological innovation, sustainability requirements, and increasing pressure to improve efficiency while reducing environmental impact. This review aims to provide a comprehensive synthesis of recent advances in modern poultry production systems, with particular emphasis on precision poultry farming, nutritional innovations, health management strategies, environmental sustainability, and future technological and policy-driven developments. The findings indicate that the integration of precision livestock farming technologies, including artificial intelligence, Internet of Things (IoT), and sensor-based monitoring systems, has significantly improved real-time decision-making, disease prediction, and resource-use efficiency. Advances in poultry nutrition, particularly functional feed additives, nanotechnology-based delivery systems, and alternative protein sources, have enhanced growth performance, gut health, and immune function while reducing reliance on antimicrobial agents. Moreover, modern poultry health management has shifted toward integrated approaches combining biosecurity, vaccination, rapid diagnostics, and immune modulation within a One Health framework. Environmental sustainability remains a central concern, with growing adoption of circular economy principles, waste valorization technologies, and environmental monitoring systems to reduce greenhouse gas emissions and improve resource efficiency. Additionally, climate change adaptation strategies, including heat stress mitigation, genetic selection, and nutritional interventions, are essential for maintaining productivity under changing environmental conditions. Future poultry systems are expected to be shaped by the convergence of biotechnology, digital transformation, blockchain traceability, and smart automated farming systems, enabling more resilient and sustainable production models. In conclusion, the future of poultry production lies in the integration of digital intelligence, biological innovation, and environmental sustainability, leading to efficient, climate-resilient, and sustainable poultry systems capable of meeting the growing global demand for animal protein.
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			Introduction

			Poultry production represents one of the fastest-growing sectors within the global livestock industry and plays a vital role in ensuring food security by providing an affordable and high-quality source of animal protein. The continuous increase in global demand for poultry meat and eggs is driven by population growth, urbanization, rising income levels, and a shift in dietary preferences toward lean animal protein sources (Windhorst, 2021; Al-Maamouri et al., 2026). As a result, the poultry industry has undergone significant intensification and modernization over recent decades, transitioning from traditional small scale systems to highly integrated, technology-driven production systems.

			Modern poultry production is no longer focused solely on maximizing growth performance and feed efficiency; instead, it has evolved into a complex system that integrates animal health, nutrition, environmental control, biosecurity, and sustainability. Precision livestock farming technologies have emerged as a transformative approach in poultry management, enabling real-time monitoring of environmental conditions, bird behavior, and production parameters through sensors, automation systems, and data analytics (Rossi et al., 2021; Fawcett et al., 2022). These innovations have significantly improved decision-making processes, early disease detection, and resource-use efficiency in commercial poultry operations (Al-Maamouri et al., 2026; Yasser et al., 2026).In parallel, substantial advancements have been achieved in poultry nutrition strategies. The use of functional feed additives, including probiotics, prebiotics, organic acids, phytogenic compounds, and nanotechnology-based supplements, has gained considerable attention for enhancing gut health, immune response, and feed utilization efficiency while reducing reliance on antibiotic growth promoters (Yadav and Jha, 2019; Abd El-Ghany, 2019). Moreover, recent studies have highlighted the role of bioactive compounds and natural extracts in improving antioxidant status and metabolic performance in broiler chickens, contributing to more sustainable production systems.

			Recent microbiological investigations have further emphasized the importance of beneficial intestinal microorganisms in poultry production systems. The identification of novel lactic acid bacteria strains isolated from the intestinal contents of adult chickens provides additional evidence of the critical role of gut microbiota in maintaining intestinal health, enhancing nutrient utilization, and supporting natural disease resistance. These findings support current strategies aimed at enhancing poultry productivity through microbiome-based approaches and reducing dependence on antimicrobial growth promoters (Al-Salhi et al., 2022).

			Recent evidence also indicates that innovative supplementation strategies, such as nano-processed feed ingredients and plant-derived bioactive molecules, can significantly enhance growth performance and feed conversion efficiency in broiler chickens (Makrygiannis et al., 2023; Nur Mahendra et al., 2023). 

			Despite these advances, poultry production systems continue to face major challenges, including emerging infectious diseases, antimicrobial resistance, heat stress, increasing feed costs, and environmental pollution associated with intensive production systems. Poultry manure management and greenhouse gas emissions have become critical environmental concerns, necessitating the development of sustainable waste recycling strategies such as biofertilizer production and bioenergy generation (FAO, 2022; Wang et al., 2023). In addition, environmental monitoring technologies are essential for maintaining optimal housing conditions and reducing ammonia emissions and thermal stress in commercial poultry houses.

			Furthermore, the integration of smart technologies, including artificial intelligence, machine learning, and Internet of Things (IoT)-based systems, has introduced a new paradigm known as Precision Poultry Farming. These systems allow continuous monitoring of flock health, feed and water intake, and environmental parameters, enabling predictive analytics for disease prevention and performance optimization (Banhazi et al., 2020; Fawcett et al., 2022). Another recent contribution emphasized the importance of integrating nanotechnology-based approaches in poultry production systems to enhance productivity and immune response under environmental stress conditions, further supporting the transition toward smart and sustainable poultry farming systems (Al-Saeedi et al., 2023).In addition to nutritional and technological interventions, biological preparations containing beneficial microbial cultures have demonstrated considerable potential for improving physiological status in poultry. Experimental evidence has shown that manufactured bacterial preparations can positively influence several cellular and biochemical blood parameters in laying hens, suggesting improvements in metabolic activity and overall health status. Such findings support the growing interest in integrating microbial-based supplements into modern poultry management programs as part of sustainable production strategies (Al-Salhi and Al-Shatty, 2023).

			Although numerous studies have explored individual aspects of poultry nutrition, health management, environmental control, and precision farming, there is still a lack of integrated reviews that comprehensively link these components within a unified framework. Most existing literature tends to address these domains separately, limiting the understanding of their interactions in improving overall productivity and sustainability.

			Therefore, this review aims to critically evaluate recent advances in modern poultry production systems, with a focus on precision farming technologies, nutritional innovations, poultry health management, environmental monitoring, and sustainable waste management. In addition, it highlights current challenges and future perspectives that will shape the next generation of poultry production systems, contributing to more efficient, resilient, and sustainable global poultry industries.

			Conceptual framework of modern poultry production systems

			To provide a comprehensive overview of the major themes addressed in this review, Figure 1 illustrates the conceptual framework of modern poultry production systems. The framework integrates seven interconnected dimensions: precision poultry farming and digital transformation; advances in poultry nutrition and feed efficiency; poultry health, immunity, and disease control; environmental sustainability and waste management; climate change adaptation and production resilience; future perspectives and emerging innovations; and the integration of sustainability, technology, and policy. Collectively, these interconnected components demonstrate how multidisciplinary approaches are driving the transition toward more efficient, resilient, climate-smart, and sustainable poultry production systems.

			Precision poultry farming and digital transformation

			In recent years, the poultry industry has undergone a profound transformation toward Precision Poultry Farming, a modern production paradigm that integrates digital technologies and intelligent systems into farm management. This approach aims to enhance production efficiency, improve flock health, and optimize resource utilization (Berckmans, 2022; Banhazi et al., 2012). Precision poultry farming is based on the integration of sensor technologies, Internet of Things (IoT) systems, big data analytics, and artificial intelligence (AI), enabling continuous and real-time monitoring of environmental conditions, bird behavior, and production performance indicators (Rossi et al., 2021; Fawcett et al., 2022).

			This digital transformation has significantly improved decision-making processes by allowing farmers and production managers to continuously monitor key environmental parameters such as temperature, humidity, ammonia concentration, and carbon dioxide levels. Such 
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			Figure 1: Integrated conceptual framework of modern poultry production systems.

			monitoring helps reduce heat stress, enhance animal welfare, and maintain optimal housing conditions in poultry facilities (Dawkins et al., 2022). Recent innovations in precision poultry farming have expanded beyond conventional sensor networks to include portable smart monitoring devices designed for real-time environmental assessment. A notable development is the fabrication of intelligent alarm systems capable of continuously monitoring environmental variables associated with respiratory health risks in poultry houses. Such technologies provide early warning signals when environmental conditions deviate from acceptable thresholds, enabling rapid management interventions that improve bird welfare, reduce respiratory disorders, and enhance overall production efficiency. These developments further demonstrate the growing role of smart monitoring systems in modern data-driven poultry production (Al-Salhi et al., 2026a). In addition, precise monitoring of feed and water intake enables early detection of abnormal patterns that may indicate disease onset or production inefficiencies (Banhazi et al., 2012).

			One of the most important applications of precision poultry farming is the use of machine learning models for early disease prediction. These systems can identify subtle changes in behavioral and physiological parameters before clinical symptoms appear, thereby improving biosecurity measures and reducing reliance on late therapeutic interventions (Berckmans, 2022). Moreover, smart camera systems and automated behavior recognition technologies have become powerful tools for assessing poultry health, allowing objective evaluation of activity levels, feeding behavior, growth patterns, and social interactions (Rossi et al., 2021).

			Recent studies indicate that the integration of smart technologies in poultry production systems leads to significant improvements in feed conversion ratio, mortality reduction, and overall production efficiency compared to conventional management systems (Fawcett et al., 2022). Furthermore, these technologies contribute to environmental sustainability by reducing resource wastage and minimizing emissions associated with intensive poultry production systems (Banhazi et al., 2020).

			However, despite these advantages, several challenges still limit the widespread adoption of precision poultry farming systems, including high initial investment costs, the need for advanced technical infrastructure, and limited technical expertise among small- and medium-scale producers (Berckmans, 2022). Nevertheless, global trends clearly indicate that poultry production is moving toward fully automated and integrated digital farm management systems.

			Therefore, precision poultry farming represents not only a technological advancement but also a fundamental shift in livestock production philosophy, transitioning from reactive management approaches to predictive and data-driven decision-making systems. This shift is expected to play a central role in shaping the future of sustainable, efficient, and resilient poultry production systems worldwide.

			Advances in poultry nutrition and feed efficiency

			Poultry nutrition has undergone significant advancements in recent years, shifting from conventional approaches focused primarily on meeting basic nutritional requirements toward precision feeding strategies aimed at improving production efficiency, gut health, and sustainability. One of the key objectives in modern poultry production systems is improving feed conversion ratio (FCR), as it directly influences economic profitability and environmental sustainability (Yadav and Jha, 2019; Abd El-Ghany, 2019; Yuan et al., 2020). In addition, improved nutrient utilization is now recognized as a critical factor in reducing production costs and minimizing the environmental footprint of poultry farming.

			The use of functional feed additives such as probiotics, prebiotics, organic acids, and phytogenic compounds has played a crucial role in modulating gut microbiota, enhancing nutrient absorption, and improving growth performance in poultry (Akhavan-Salamat and Ghasemi, 2021; Abd El-Hack et al., 2022; Valenzuela-Grijalva et al., 2017). These additives have also been shown to strengthen immune responses, improve intestinal integrity, and reduce the incidence of gastrointestinal diseases. Recent advances in functional nutrition have further expanded the application of nano-biological feed additives in laying hen production. Nano-synbiotic formulations combining beneficial probiotic bacteria with bioactive plant-derived carriers have demonstrated significant improvements in egg production, egg mass, feed conversion ratio, and economic feed efficiency. These benefits are largely attributed to enhanced gastrointestinal function, improved nutrient utilization, and better modulation of the intestinal microbiota, highlighting the growing importance of nano-enabled nutritional strategies in sustainable poultry production systems (Abaas et al., 2026).

			In recent years, nanotechnology-based feed delivery systems have emerged as a promising approach to enhance nutrient bioavailability and targeted delivery within the gastrointestinal tract, resulting in improved feed utilization efficiency and growth performance (El-Sayed and Kamel, 2020; Hosseini et al., 2018). Additionally, plant-derived bioactive compounds have gained increasing attention as natural alternatives to antibiotic growth promoters, supporting global efforts to reduce antimicrobial resistance. The development of natural dietary supplements has emerged as an important strategy for improving poultry nutrition while reducing dependence on synthetic feed additives. Recent research demonstrated that formulations combining quail egg components with arugula (Eruca sativa) leaves possess valuable nutritional and bioactive properties that may support physiological performance and health status in poultry, Such natural feed supplements represent promising alternatives within sustainable nutrition programs aimed at enhancing productivity, health, and feed utilization efficiency through biologically active ingredients (Al-Salhi, 2026a).

			The relationship between nutrition and immunity has also become a central focus in poultry research. Proper nutritional strategies enhance immune competence and resilience against environmental stressors such as heat stress and infectious diseases (Calder and Kapsokefalou, 2021). Bioactive compounds such as IgY antibodies, omega-3 fatty acids, and antioxidant-rich plant extracts have been investigated for improving both health status and productive performance.

			Despite these advancements, poultry nutrition still faces several challenges, including fluctuations in feed ingredient prices, climate-induced variability in feed resources, and the need for precision feeding systems tailored to production stages. Consequently, precision nutrition integrates real-time data analytics and nutrient modeling to optimize feed efficiency and sustainability (Mottet et al., 2017).Overall, poultry nutrition is progressively evolving toward data-driven, precision-based feeding systems that support sustainable and efficient poultry production.

			Poultry health, immunity and disease control

			Poultry health represents a fundamental pillar in modern production systems, directly influencing productivity, product quality, and overall industry sustainability. With the intensification of poultry farming systems worldwide, the control of infectious diseases has become one of the most critical challenges facing the industry. Viral, bacterial, and parasitic diseases such as Newcastle disease and avian influenza continue to pose significant economic and production risks if not properly managed (OIE, 2021).

			Disease prevention strategies have evolved from conventional treatment approaches to integrated systems based on biosecurity measures, advanced vaccination programs, and immune system enhancement through functional nutrition. Nutrition-based immunity has emerged as a key concept in poultry science, demonstrating that optimized dietary strategies can significantly improve immune responses and reduce disease susceptibility (Gadde et al., 2017; Calder and Kapsokefalou, 2021). In addition, strict biosecurity protocols and continuous farm hygiene management are now considered essential pillars in modern poultry disease prevention systems (FAO, 2022).

			In recent years, rapid diagnostic technologies have become essential tools for early detection of pathogens, enabling timely intervention before disease outbreaks spread within flocks. Molecular diagnostic tools such as PCR and ELISA have significantly improved detection accuracy and response speed. The increasing adoption of automated laboratory technologies has also improved the quality and efficiency of health assessment programs in poultry production. Comparative evaluations between traditional and automated blood analysis methods have demonstrated that automated systems can provide higher consistency, improved analytical accuracy, and enhanced reliability for measuring biochemical indicators in broiler chickens. These advances support more precise health monitoring and contribute to evidence-based management decisions by providing rapid and dependable diagnostic information under commercial production conditions (Al-Salhi et al., 2026b). In addition, blood biomarkers are increasingly used to assess immune status and physiological health in poultry, providing objective indicators for improved health management strategies (Abd El-Hack et al., 2022; Dhama et al., 2015). Recent studies have further highlighted the value of integrating productive and physiological indicators when assessing flock health. In ISA Brown laying hens, body weight categories were shown to be significantly associated with reproductive hormone concentrations, serum biochemical profiles, and productive performance during the mid-laying period, indicating that body weight serves as an important physiological indicator of metabolic balance and reproductive efficiency. Monitoring body weight together with blood biochemical and hormonal parameters can therefore improve health assessment and management decisions in commercial laying flocks (Al-Salhi, 2026b). Accurate assessment of blood biochemical parameters is essential for evaluating health status, nutritional balance, and physiological responses in poultry production systems. Recent investigations have demonstrated that pre-analytical factors, including blood collection sites and repeated freezing-thawing cycles of serum samples, may significantly influence the reliability of biochemical measurements. These findings highlight the importance of standardized sampling and laboratory handling procedures to ensure accurate health monitoring and evidence-based decision-making in poultry management programs (Al-Salhi, 2025).

			Furthermore, innovative immunological approaches such as egg yolk antibody (IgY) technology have emerged as promising alternatives to conventional antibiotics. Recent studies have provided additional evidence supporting the application of egg yolk-derived immunoglobulins (IgY) as effective immunomodulatory agents in poultry production. Supplementation with both specific and non-specific IgY extracted from Lohmann egg yolk has been shown to enhance immune responsiveness in broiler chickens and improve their ability to resist health challenges under commercial production conditions. These findings further strengthen the potential of IgY-based strategies as sustainable alternatives to antibiotic-dependent disease control programs while contributing to improved flock health and productivity (Al-Salhi, 2026c). IgY-based strategies have demonstrated effectiveness in reducing microbial load and enhancing disease resistance without disrupting gut microbiota balance, thereby supporting global efforts to reduce antimicrobial usage in livestock production systems (Schade et al., 2005; Kovacs-Nolan and Mine, 2012). These developments are particularly important in addressing the growing challenge of antimicrobial resistance in animal agriculture (WHO, 2020).

			Despite these advancements, the poultry industry continues to face significant challenges, including the emergence of antimicrobial-resistant pathogens, climate-driven shifts in disease patterns, and increased disease pressure in intensive production systems. Furthermore, global poultry trade and movement of live birds increase the risk of rapid disease transmission across regions, making surveillance systems and early warning mechanisms increasingly essential (WOAH, 2023). Therefore, poultry health should no longer be viewed as a purely therapeutic discipline, but rather as an integrated system that combines nutrition, management, environment, and advanced technologies within a holistic One Health framework, linking animal, human, and environmental health in a sustainable production model (Destoumieux-Garzón et al., 2018).

			Environmental sustainability and waste management in poultry production

			Recent comprehensive reviews have emphasized that achieving sustainable poultry production requires the integration of technological innovation, environmental stewardship, resource-use efficiency, and resilience to emerging global challenges. Future poultry production systems are expected to rely increasingly on precision farming technologies, circular resource management, climate-resilient production practices, and multidisciplinary approaches that simultaneously improve productivity, animal welfare, environmental sustainability, and economic viability. These integrated strategies provide a comprehensive framework for developing more sustainable and resilient poultry industries capable of meeting the growing global demand for animal protein while minimizing environmental impacts (Al-Maamouri et al., 2026).

			Environmental sustainability in poultry production has become a critical global concern due to the increasing environmental burden associated with intensive livestock systems. Rapid expansion of poultry production has led to higher levels of manure accumulation, ammonia and greenhouse gas emissions, and potential contamination of soil and water resources when waste is not properly managed (Steinfeld et al., 2006; Gerber et al., 2013). These environmental pressures highlight the need for integrated and efficient waste management strategies that balance productivity with ecological protection.

			Poultry manure management is a central component of sustainable production systems and involves several technological approaches, including composting, aerobic and anaerobic digestion, and biofertilizer production. These processes convert organic waste into valuable outputs such as organic fertilizers and renewable energy in the form of biogas, thereby reducing environmental pollution and improving resource efficiency (Wang-Helmreich and Kreibich, 2019; Pandey et al., 2019). Beyond their application in biofertilizer and bioenergy production, poultry wastes can also serve as valuable raw materials for the development of bioactive products with antimicrobial properties. Recent research demonstrated the successful production of antibacterial compounds derived from poultry manure combined with Ziziphus spina-christi leaves, highlighting an innovative approach for waste valorization and resource recovery. Such technologies contribute to environmental sustainability by transforming agricultural waste into value-added products while simultaneously reducing environmental pollution risks associated with poultry manure accumulation (Al-Salhi et al., 2025a). In addition, anaerobic digestion has gained increasing attention as a dual-benefit technology that reduces methane emissions while producing renewable energy. Recent technological developments have further enhanced the efficiency of poultry waste treatment through the integration of microbiological and digital innovations. A notable example is the development of bacterial starter cultures combined with digitally controlled bio-fermenter systems for poultry manure processing. Such systems have demonstrated considerable potential for improving anaerobic digestion efficiency and increasing methane (CH₄) production as a renewable energy source. These advances support sustainable waste management strategies by converting poultry manure into valuable bioenergy resources while simultaneously reducing environmental pollution associated with waste accumulation (Al-Salhi et al., 2025b).

			Recently, the circular economy concept has been widely adopted as a sustainable framework for poultry waste management. This approach emphasizes resource recovery, waste minimization, and recycling of nutrients back into agricultural systems, thereby closing the production loop. Evidence suggests that circular economy strategies in livestock systems can significantly reduce environmental footprints while improving economic efficiency (Ellen MacArthur Foundation, 2019; Nasir et al., 2020).The concept of waste valorization has recently expanded beyond energy and fertilizer production to include the manufacture of environmentally friendly sanitation products. Research on converting organic food residues into natural cleaning and disinfecting agents has demonstrated promising efficiency and sustainability benefits. Such approaches support circular economy principles by reducing waste disposal burdens while generating useful products that may contribute to improved hygiene management in agricultural and livestock production systems. These innovations further illustrate the potential of integrating waste recycling technologies into sustainable poultry production frameworks (Naser et al., 2025). Environmental monitoring technologies also play a crucial role in modern poultry housing systems by continuously assessing air quality parameters such as ammonia concentration, carbon dioxide levels, humidity, and particulate matter. The integration of smart sensors and real-time monitoring systems enables early detection of environmental risks and supports better ventilation and climate control decisions, ultimately improving both bird welfare and environmental performance (Xin et al., 2011; Vranken and Berckmans, 2017). Overall, sustainable poultry production increasingly depends on the integration of waste valorization technologies, circular economy principles, and precision environmental monitoring systems to minimize ecological impacts while maintaining high productivity levels.

			Climate change adaptation and poultry production resilience 

			Climate change has emerged as one of the most significant challenges affecting modern poultry production systems, particularly due to its direct and indirect impacts on bird health, productivity, and welfare. Increasing ambient temperatures, prolonged heat waves, and humidity fluctuations negatively affect feed intake, metabolic efficiency, immune competence, and growth performance in broiler chickens, resulting in considerable economic losses in intensive production systems (Lara and Rostagno, 2013; Nardone et al., 2010). These impacts are expected to intensify as global warming continues, making climate adaptation a central priority in poultry science.

			Heat stress management has therefore become a critical focus in modern poultry systems, with increasing adoption of environmental control technologies such as evaporative cooling systems, tunnel ventilation, insulation improvements, and automated climate monitoring systems. These technologies help maintain thermal comfort zones within poultry houses and reduce physiological stress responses associated with elevated environmental temperatures (Uyanga  et al., 2021). Furthermore, precision environmental control systems now allow real-time adjustments of ventilation and cooling based on sensor data, improving both productivity and animal welfare. In addition, genetic selection for heat-tolerant poultry strains has gained increasing attention as a long-term adaptation strategy. Indigenous and slow-growing breeds have demonstrated greater resilience to thermal stress compared to highly select commercial strains, making them valuable genetic resources for sustainable breeding programs under climate change scenarios (Hristakieva et al., 2014; Saeed et al., 2019). Advances in quantitative genetics and genomic selection are also supporting the identification of heat-resistance traits for future breeding improvements.

			Nutritional strategies have also been widely explored to mitigate the effects of heat stress in poultry. These include dietary supplementation with antioxidants, electrolytes, vitamins (especially vitamin C and E), amino acids such as methionine, and phytogenic compounds that help regulate oxidative stress and maintain physiological homeostasis under harsh environmental conditions (Sahin et al., 2001; Mujahid et al., 2007). Such interventions play a key role in improving immune response, reducing oxidative damage, and stabilizing production performance during heat stress events. Overall, climate-resilient poultry production requires an integrated and multidisciplinary approach combining environmental management, genetic improvement, and precision nutrition strategies. The integration of climate-smart technologies and adaptive management practices is essential to ensure sustainable productivity and resilience of poultry systems under future climate change scenarios.

			Future perspectives and emerging innovations in poultry systems

			The future of poultry production is expected to be shaped by rapid technological advancements, sustainability-driven policies, and increasing global demand for safe and efficient animal protein production. One of the most promising directions is the full integration of artificial intelligence (AI), big data analytics, blockchain technologies, and digital traceability systems to create transparent, secure, and fully automated poultry supply chains (Kamilaris et al., 2019; Berckmans, 2022). These systems are expected to improve food safety, traceability, and decision-making efficiency across the entire production chain.

			Precision poultry farming is expected to evolve into highly autonomous systems where real-time data from sensors, cameras, and wearable devices will be continuously analyzed using machine learning and predictive algorithms. This will enable optimized feeding strategies, early disease detection, and precise environmental control with minimal human intervention. Such developments are expected to significantly improve productivity while reducing labor requirements, resource wastage, and environmental impacts (Liakos et al., 2018; Fawcett et al., 2022).

			Another emerging trend is the development of alternative protein sources for poultry feed, including insect meal, algae-based proteins, single-cell proteins, and fermented microbial biomass. These alternatives are gaining attention as sustainable substitutes for conventional feed ingredients such as soybean and maize, which are associated with environmental pressures and price volatility (Henry et al., 2021; Van Huis, 2020). Their adoption is expected to strengthen feed security and reduce the ecological footprint of poultry production systems.

			Furthermore, advances in biotechnology and gene-editing technologies such as CRISPR-Cas9 are expected to play a transformative role in poultry breeding. These tools offer opportunities to improve disease resistance, feed efficiency, and environmental adaptability while accelerating genetic progress compared to conventional breeding methods (Tait-Burkard et al., 2018). However, their application requires careful ethical regulation and biosafety considerations.

			Sustainability will remain a central pillar in future poultry systems, with increasing emphasis on circular economy principles, carbon footprint reduction, renewable energy integration, and resource-efficient production models. The integration of energy recovery from waste, precision feeding systems, and automated environmental control is expected to define next-generation poultry production systems that are both economically viable and environmentally responsible.

			Overall, the future of poultry production lies in the convergence of digital innovation, biotechnology, and environmental sustainability, leading to highly efficient, resilient, and climate-smart production systems capable of meeting future global food demands.

			Integration of sustainability, technology, and policy in poultry production systems

			The future development of poultry production systems depends on the effective integration of sustainability principles with technological innovation and supportive governance frameworks. As the sector continues to expand globally, there is an increasing need to ensure that productivity gains are achieved without compromising environmental integrity, animal welfare, or public health. This requires a systems-based approach that links farm-level technologies with broader institutional, market, and policy structures to enable sustainable transformation across the poultry value chain (FAO, 2023; IPCC, 2022).

			Digital transformation and precision livestock farming are expected to play a central role in this integration by enabling real-time decision-making, improved resource efficiency, and reduced environmental emissions through data-driven management systems (Wolfert et al., 2017; Berckmans, 2022). In addition, interoperability between farm sensors, cloud computing platforms, and decision-support systems is becoming increasingly important for ensuring seamless data flow and improved operational efficiency across production stages.

			At the same time, sustainability-oriented frameworks such as circular agriculture, regenerative livestock systems, and nutrient recycling models are gaining importance as tools for minimizing waste and improving resource recovery within poultry production systems (Ellen MacArthur Foundation, 2019; Pretty, 2018). Sustainable production systems increasingly depend on the development of environmentally friendly technologies capable of recovering valuable resources from industrial and agricultural wastes. Recent advances in biotechnological approaches, including the use of bio surfactants and eco-friendly recovery processes, demonstrate the potential of biological solutions for reducing environmental contamination and improving resource efficiency. Although such technologies have been primarily explored in industrial waste management, their underlying principles provide valuable insights for future poultry production systems, particularly in the development of cleaner production models, waste reduction strategies, and integrated circular economy approaches (Alabresm et al., 2026). These approaches emphasize closing nutrient loops by returning organic waste to agricultural systems, thereby reducing dependence on synthetic inputs and lowering environmental burdens.

			Policy interventions are also increasingly important in shaping sustainable poultry production, particularly through regulations targeting greenhouse gas emissions, antimicrobial usage, and animal welfare standards. Such policies encourage producers to adopt cleaner production technologies and more responsible management practices aligned with environmental and public health goals (OECD, 2023; Steinfeld et al., 2006). In parallel, sustainability reporting frameworks and environmental auditing systems are pushing agricultural industries toward greater transparency, accountability, and performance benchmarking (FAO, 2023).

			Looking toward the future, the integration of artificial intelligence, blockchain-based traceability systems, and climate-smart agriculture strategies is expected to redefine poultry production systems. These innovations will enhance supply chain transparency, improve disease surveillance, and optimize production efficiency while reducing environmental impacts and food safety risks (Kamilaris et al., 2019; Lioutas and Charatsari, 2020). Consequently, poultry production is likely to evolve into highly connected, intelligent, and climate-resilient systems that align economic productivity with environmental sustainability and global food security objectives.

			Conclusion

			This study indicates that the poultry industry is undergoing a fundamental transformation driven by the integration of modern digital technologies such as artificial intelligence and the Internet of Things to enhance production efficiency and decision-making. It also shows that advances in poultry nutrition, particularly functional feed additives and nanotechnology applications, significantly improve health performance and reduce reliance on antibiotics.

			Poultry health management has become more integrated through preventive systems, early diagnosis, and the One Health approach to control emerging diseases. Environmental sustainability is increasingly achieved through circular economy principles and waste management strategies that reduce environmental impacts. Climate change adaptation remains a critical factor in ensuring production stability under variable environmental conditions. Overall, the future of poultry production depends on the integration of technology, sustainability, and innovation to achieve efficient and resilient production systems.
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Abstract | Poultry production is one of the most rapidly expanding sectors in global animal agriculture, playing a crucial
role in ensuring food security through the provision of affordable, high-quality animal protein. In recent years, the industry
has undergone substantial transformation driven by technological innovation, sustainability requirements, and increasing
pressure to improve efficiency while reducing environmental impact. This review aims to provide a comprehensive
synthesis of recent advances in modern poultry production systems, with particular emphasis on precision poultry
farming, nutritional innovations, health management strategies, environmental sustainability, and future technological
and policy-driven developments. The findings indicate that the integration of precision livestock farming technologies,
including artificial intelligence, Internet of Things (IoT), and sensor-based monitoring systems, has significantly improved
real-time decision-making, disease prediction, and resource-use efficiency. Advances in poultry nutrition, particularly
functional feed additives, nanotechnology-based delivery systems, and alternative protein sources, have enhanced growth
performance, gut health, and immune function while reducing reliance on antimicrobial agents. Moreover, modern poultry
health management has shifted toward integrated approaches combining biosecurity, vaccination, rapid diagnostics, and
immune modulation within a One Health framework. Environmental sustainability remains a central concern, with
growing adoption of circular economy principles, waste valorization technologies, and environmental monitoring systems
to reduce greenhouse gas emissions and improve resource efficiency. Additionally, climate change adaptation strategies,
including heat stress mitigation, genetic selection, and nutritional interventions, are essential for maintaining productivity
under changing environmental conditions. Future poultry systems are expected to be shaped by the convergence of
biotechnology, digital transformation, blockchain traceability, and smart automated farming systems, enabling more
resilient and sustainable production models. In conclusion, the future of poultry production lies in the integration of
digital intelligence, biological innovation, and environmental sustainability, leading to efficient, climate-resilient, and
sustainable poultry systems capable of meeting the growing global demand for animal protein.
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