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Abstract: Smart livestock farming leverages technology to boost production and meet food demand 

sustainably. This study delves into smart technologies in animal production, covering 

opportunities, challenges, and solutions. Smart agriculture employs modern technology to enhance 

efficiency, sustainability, and animal welfare in livestock farming. It includes remote monitoring, 

GPS-based animal care, robotic milking, smart health collars, predictive disease control, and other 

innovations to achieve these goals. While smart animal production holds great promise, it does face 

challenges related to cost, data management, and connectivity. To address these challenges, 

potential solutions include remote sensing, technology integration, and farmer education. Smart 

agriculture offers opportunities for increased efficiency, improved animal welfare, and enhanced 

environmental conservation. A well-planned approach is crucial to maximize the benefits of smart 

livestock production while ensuring its long-term sustainability. This study confirms the growing 

adoption of smart agriculture in livestock production, with the potential to support sustainable 

development goals and deliver benefits such as increased productivity and resource efficiency. To 

fully realize these benefits and ensure the sustainability of livestock farming, it is essential to address 

cost and education challenges. Therefore, this study recommends promoting a positive outlook 

among livestock stakeholders and embracing smart agriculture to enhance farm performance. 

Keywords: smart livestock farms; applications; opportunities; challenges; solutions; benefits 

 

1. Introduction 

Smart agriculture employs technology to enhance livestock productivity and efficiency. It 

achieves this by enhancing animal health, productivity, feed quality, traceability, and sustainability 

in meat and dairy production. Additionally, smart agriculture reduces resource consumption, such 

as water and land, while enhancing environmental quality. As a result, smart agriculture effectively 

enhances livestock management, leading to higher productivity and efficiency in livestock 

production, improved animal product quality, and increased environmental sustainability [1]. Smart 

agriculture has the potential to play a major role in addressing the challenges of feeding a growing 

global population sustainably. 

Smart agriculture blends cutting-edge technology with traditional farming to increase efficiency 

and productivity in livestock production. It uses remote sensing, artificial intelligence, and data 

analysis to optimize farm management and maximize production and quality. Smart agriculture 

employs technologies such as sensors, robots, drones, and artificial intelligence to achieve these goals 
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[2, 3, 4]. Smart agriculture is one of the most significant technologies that we have for addressing the 

challenges of feeding a growing global population sustainably. 

Specific applications include monitoring animal health, automating tasks like feeding and 

watering, collecting data on health and feed consumption, and analyzing it to make informed 

production and management decisions. Smart agriculture greatly boosts farm efficiency, 

productivity, and sustainability, ensuring a secure and nutritious supply of animal products for the 

future [5, 6, 7]. Smart agriculture is the future of farming because it is the only way to meet the 

growing demand for food sustainably. 

Smart agriculture brings multiple benefits to livestock farms, including improved animal health 

and welfare, increased productivity, and reduced environmental impact. Ongoing technological 

advancements ensure that smart agriculture will continue to play a crucial role in addressing 

livestock production challenges and enhancing production quality and efficiency [8, 9, 10]. Smart 

agriculture is a promising technology with the potential to improve the livestock industry 

significantly. 

Applying Smart Agriculture to Improve Animal Production is crucial, as it harnesses cutting-

edge technologies and data-driven methods to revolutionize animal farming. This topic holds 

significance in advancing animal welfare, resource efficiency, and agricultural sustainability. It 

provides potential solutions to meet the increasing global demand for food while mitigating 

environmental impact. Furthermore, it offers opportunities for farmers and industry stakeholders to 

elevate their practices and adapt to the ever-changing landscape of modern agriculture [11, 12, 13]. 

Smart agriculture is the future of animal farming, with the potential to transform it into a more 

sustainable, efficient, humane, and productive industry. It harnesses cutting-edge technologies and 

data-driven methods to make animal farming more precise and optimized while reducing its 

environmental impact. 

This study aims to improve sustainability and productivity in the animal production sector, 

benefiting both farmers and the broader agriculture industry; it entails a comprehensive examination 

of smart technologies in animal production, including an exploration of their opportunities and 

challenges. The study offers directions for future research and development in this field. 

2. Materials and Methods 

This research reviews the latest technologies in animal production, highlighting opportunities, 

challenges, solutions, and benefits. It focuses on smart agriculture and its livestock applications. 

2.1. Research Questions 

Question 1: What are the applications of smart agriculture in animal production? 

Question 2: What are some practical examples of smart livestock production farms? 

Question 3: What is the role of Blockchain in livestock production farms? 

Question 4: What opportunities, challenges, solutions, and benefits are associated with smart 

livestock production farms? 

Question 5: How can smart agriculture technologies enhance sustainable livestock production? 

2.2. Review previous studies on smart animal production 

The researchers conducted a thorough literature review using a systematic approach, drawing 

conclusions from diverse academic sources. They accessed data from research institution websites, 

government agencies, and journals. Data extraction was precise, and careful attention was given to 

source information collection. The analysis prioritized findings supported by robust and consistent 

evidence from previous studies. 

Smart livestock production uses technology to improve animal health, nutrition, monitoring, 

management, and marketing, which has a number of economic and social benefits (Figure 1). 
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Figure 1. Shows a flowchart of primary smart agricultural applications in livestock production. 

3. Results and Discussion   

3.1. Applications of Smart Agriculture in Animal Production  

3.1.1. Smart Health Care and Safety for Animals 

Smart animal healthcare and safety is evolving, using technology to improve animal lives. Smart 

devices and artificial intelligence improve animal health by monitoring health and identifying 

patterns and trends. Smart animal healthcare and safety benefits include early disease detection [14, 

15]. Biotechnology plays a crucial role in animal health, improving overall animal health. 

Biotechnology also improves animal health by new vaccines and drugs, and parasite control. Smart 

systems monitor animal well-being, administer medications, and enhance overall welfare and care 

[16, 17]. Smart technologies improve farm animal safety and welfare through sensors, artificial 

intelligence, virtual fencing, robotic milking, and automatic feeding. Smart farm technologies 

increase productivity, reduce environmental impact, and enhance public perception [18, 19, 20]. 

Smart technologies will play an increasingly significant role in animal care and health maintenance 

in the future [21, 22, 23]. Smart technologies improve animal health and welfare. 

3.1.2. Smart Feeding Systems in Animal Production Farms 

Smart feeding systems are revolutionizing livestock feeding. Sensors, data analysis, and 

automation power this innovative technology. High-accuracy animal feeding improves health, 

productivity, and profitability [24, 25]. Smart feeding systems use sensors and data analysis to 

improve animal feeding programs. They also monitor animals for feeding problems and take action 

[26, 27]. Smart feeding systems increase productivity and reduce labor costs. Data analysis and 

machine learning can improve feed composition, increase feed income, and reduce negative 

environmental impact [28, 29]. Needs-based feeding optimizes animal health, productivity, and 

environmental impact. Probes and sensors monitor feed and water consumption, ensuring 

nutritional balance. Feed management and graphical analysis improve feed efficiency by optimizing 

composition, schedules, and water quality. These efforts enhance resource efficiency [30, 31]. Smart 

feeding systems improve livestock productivity and profitability by using sensors, data analysis, and 

automation.  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 October 2023                   doi:10.20944/preprints202310.1229.v1

https://doi.org/10.20944/preprints202310.1229.v1


 4 

 

3.1.3. Smart Monitoring and Control Techniques for Animals 

Smart animal monitoring technologies are booming. Smart animal monitoring technologies 

collect real-time data to monitor and improve animal productivity and the environment. Sensing and 

tracking technologies revolutionize animal monitoring. Image analysis and remote sensing assess 

and track animal conditions on farms without breeder intervention, helping to assess their welfare 

[32, 33, 34]. Intelligent sensing and analysis technologies have the potential to revolutionize animal 

welfare, benefiting both animal farm management and conservation efforts. Bio-sensing and analysis 

technologies are advancing rapidly, resulting in innovative applications that can enhance animal 

production. These applications encompass improvements in animal health and welfare [35, 36, 37]. 

Smart animal monitoring technologies are revolutionizing animal welfare and benefiting both animal 

farm management and conservation efforts. 

3.1.4. Smart Animal Management and Breeding Techniques 

Smart animal management and reproduction technologies seek to improve animal productivity, 

well-being, and sustainable farming practices. Sensors and data analytics help to improve animal 

monitoring, breeding, and genomic selection. Robotics and smart technology improve farm 

efficiency, productivity, and animal welfare [38, 39]. Artificial insemination and selective breeding 

help to improve animal production, quality, and welfare. Smart chips and electronic tracking 

improve animal monitoring and herd management [40, 41]. Animal identification systems in 

livestock production will likely grow, enhancing productivity and quality. Ethical and privacy 

considerations are important for animal identification systems, ensuring ethical treatment and 

compliance with local laws [42, 43]. Smart animal management and reproduction technologies 

improve animal productivity, well-being, and sustainable farming practices by leveraging sensors, 

data analytics, robotics, and other technologies. 

3.1.5. Marketing and Distribution of Smart Animal Production Farm Products  

Smart farming applications improve livestock marketing and distribution through tracking, data 

analysis, remote monitoring, and marketing and branding. Smart farming applications provide real-

time information to farmers and retailers about produce, ensuring food safety and traceability. Smart 

farming applications enhance decision-making, crop planning, livestock management, and logistical 

operations. Smart farming applications also boost efficiency in the animal production industry, 

increasing sales and profits [44, 45, 46]. To market smart animal products, emphasize the benefits to 

animals and owners, making care more convenient. To market smart animal products, run paid ads 

concentrating on product benefits and visuals. To sell smart animal products, create quality content 

that educates and attracts customers, and stay updated with industry trends. Effective marketing of 

smart animal products can increase awareness of their quality [47, 48, 49]. Smart farming applications 

improve livestock marketing and distribution by providing real-time information and enhancing 

decision-making. 

3.1.6. Economic and Societal Dimensions of Smart Animal Farming 

Smart animal production farms use technology to advance agriculture economically and 

socially. Smart farms use the Internet of Things (IoT), data analytics, and automation to improve 

operations and animal well-being, saving money and boosting efficiency. Smart farms also improve 

animal welfare, labor conditions, and sustainability, using technology and data to create a more 

sustainable and socially responsible future for agriculture [50, 51, 52]. Smart animal production farms 

use technology to improve agriculture economically, socially, and environmentally.  

3.2. Practical examples of smart animal production farms  

Smart agriculture technologies for animal production, welfare, and operations: 
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3.2.1. Healthcare and Disease Management  

Smart healthcare solutions for animals, such as remote monitoring and treatments, can improve 

timely care and reduce the need for physical veterinary visits, making the process more sustainable 

and efficient [53]. Smart healthcare solutions for animals are in their early stages of development but 

have the potential to revolutionize pet care by providing early detection of health problems. Smart 

healthcare solutions for animals are still in their early stages of development, they have the potential 

to make a significant positive impact on the lives of pets and their owners. 

3.2.2. Animal welfare and nutrition improvements 

Implementing facial recognition and machine vision technologies to monitor animal behavior 

and well-being can help ensure animal welfare, identify nutritional needs and detect potential 

productivity issues [54, 55]. It is important to note that these technologies should not be used to 

replace human interaction with animals. Humans should still be involved in the care and monitoring 

of all animals, even those that are being monitored by these technologies.  

3.2.3. Livestock Tracking 

Radio-frequency identification (RFID) or The Global Positioning System (GPS) livestock tracking 

enhances traceability, improving food safety and supporting sustainable practices by enabling 

precise resource allocation [56, 57]. RFID and GPS livestock tracking are positive developments for 

the livestock industry. These technologies have the potential to make the industry more efficient, 

humane, and sustainable. 

3.2.4. Automated Milking Systems  

Milking machines can improve efficiency, milk quality, and sustainability by milking cows at a 

predetermined time each day, saving energy [58]. Milking machines are a valuable tool for dairy 

farmers, improving efficiency, milk quality, and sustainability. 

3.2.5. Smart Monitoring Systems 

Smart livestock collars monitor activity levels, body temperature, and signs of illness or distress 

for animal well-being [59]. Smart livestock collars have the potential to play a significant role in 

improving animal well-being. By providing farmers and ranchers with real-time data about the 

health and behavior of their animals, smart livestock collars can help to identify and address potential 

problems early on, before they become more serious. 

3.2.6. Animal Management Platforms  

Farmers track animal veterinary history, growth rates, and performance metrics to make data-

driven decisions for improved animal health and productivity [60]. Tracking and analyzing data can 

help farmers make better decisions about animal care, leading to healthier and more productive 

animals, reduced costs, and a more sustainable agricultural system.  

3.2.7. Predictive Analytics  

Data analytics and machine learning algorithms help farmers reduce resource wastage, optimize 

breeding, and promote sustainable animal husbandry practices by predicting diseases and 

developing breeding strategies [61]. Data analytics and machine learning can revolutionize 

agriculture, making it more sustainable, ethical, and profitable for farmers.  

3.2.8. Smart Fencing and Containment  

Smart fencing solutions can remotely or independently control animal movement, enhancing 

animal management and promoting resource conservation [62, 63]. Smart fencing solutions have the 

potential to revolutionize animal farming, making it more sustainable and profitable.  
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3.3. Blockchain in Animal Production Farms 

Blockchain technology can potentially revolutionize the livestock sector by offering a wide range 

of opportunities and benefits for farmers, consumers, and other stakeholders. However, it is 

important to be aware of the challenges associated with Blockchain technology, such as high initial 

investment costs, cybersecurity risks, lack of skilled labor, and regulatory challenges [64]. It is 

important to invest in research and development to address the challenges and to work together to 

create a supportive environment for the adoption of Blockchain technology. As the technology 

develops and matures, these challenges will be addressed likely, paving the way for Blockchain to 

play a transformative role in the livestock sector. The potential benefits of Blockchain technology for 

the livestock sector far outweigh the challenges [65, 66]. 

Blockchain has the potential to revolutionize the livestock sector, enhancing its efficiency, 

transparency, and sustainability. In the future, we can anticipate further innovative and impactful 

applications of blockchain in this sector, encompassing areas like traceability, food safety, 

sustainability, and food waste reduction. This technological advancement stands to offer significant 

advantages to both producers and consumers, fundamentally transforming the way we produce and 

consume food. 

3.4. Opportunities, and Challenges for Smart Animal Production Farms  

3.4.1. Opportunities 

Smart animal production farms are on the rise, promising increased efficiency, higher yields, 

and reduced waste [67, 68]. They also improve animal welfare through data-driven monitoring and 

management and contribute to environmental conservation through sustainable farming practices 

[69, 70]. Technology integration in agriculture creates jobs in tech development, maintenance, and 

farm management, improving local economies. Big data from smart farms enables informed decisions 

and optimal resource allocation [71, 72, 73]. Automation and technology improve farm labor 

conditions. Smart farms can improve quality and traceability, catering to food safety-conscious 

consumers. They also foster research and innovation, bridging agriculture and tech [74, 75, 76]. By 

highlighting their environmentally friendly and socially responsible practices, farms can become 

sustainable and responsible brands, appealing to conscious consumers. Governments and regulatory 

bodies may offer incentives and support for smart farming, driving growth and shaping the future 

of agriculture [77, 78]. Smart livestock production farms offer opportunities to improve efficiency, 

sustainability, and ethical standards of animal agriculture. They also improve animal welfare and 

address major agricultural problems in the 21st century. Overall, opportunities can help farmers to 

improve animal welfare, increase productivity, and reduce environmental impact.  

3.4.2. Challenges  

Smart agriculture techniques can boost animal production, but face challenges. Advanced 

technology can be a valuable tool for smallholder farmers, but its high cost can be a barrier to 

adoption. Data management and privacy challenges in smart agriculture have been documented [79, 

80, 81]. Communication and infrastructure gaps in remote or underdeveloped areas hamper tech 

adoption. Education and training for farmers is critical, but limited in areas with low literacy or 

resources [82, 83]. Integrating and matching smart farming tools to existing systems is complex and 

requires planning. Smart agriculture must be environmentally sustainable and ethical [84, 85]. Smart 

livestock farming faces regulatory, data, and integration challenges. Standard regulations should be 

established, data ownership rules should be clarified, and farmers should be facilitated to adopt 

smart practices [86, 87]. Adaptation to environmental variability, including climate change, is critical. 

Successfully addressing smart agriculture's multifaceted challenges is key to realizing its benefits for 

animal production, sustainability, ethics, and equitable access [88, 89, 90]. A holistic and well-planned 

approach is needed to implement smart animal production farms, addressing economic, 
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technological, educational, and ethical considerations. Generally, challenges include cost, difficulty 

to use, and data privacy and security. 

Smart technologies in animal production offer opportunities for operational efficiency, animal 

welfare, environmental impact, economics, employment, and decision-making, but there are also 

challenges related to cost, data, privacy, connectivity, infrastructure, and education. The benefits of 

smart technologies in animal production include increased profitability, sustainability, and animal 

welfare while reducing environmental damage (Figure 2). 

 
Figure 2. Shows a flowchart of opportunities, and challenges for smart livestock production farms. 

3.5. Solutions and Benefits for Smart Animal Production Farms 

Remote sensing and analysis, farm management systems, and technology can improve livestock 

productivity. Smart nutrition and artificial intelligence can also help, but farmer training is crucial 

[91]. Additionally, smart technologies in animal production offer benefits for profitability, 

sustainability, animal welfare, and the environment, but ethical considerations must be weighed [92]. 

Mostly, solutions can be made to address the challenges associated with smart agriculture in animal 

production. These include making smart farming technologies more affordable and providing 

training and support, developing data privacy and security standards. 

Smart livestock farms use technology to monitor and manage livestock remotely, providing 

farmers with a number of benefits, including improved animal health and welfare, increased 

productivity, reduced costs, improved sustainability, and increased profits [93]. In addition, smart 
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livestock farms can help to improve food safety, increase transparency, and create jobs. Smart 

livestock farm applications offer a variety of solutions to improve the efficiency, sustainability, and 

welfare of livestock operations. By using these applications, farmers can make better decisions about 

their operations and produce more food with fewer resources. 

Smart livestock technology can be beneficial to increase farm efficiency and sustainability. Smart 

livestock farms use technology for solutions to remotely monitor, enhance animal welfare, increase 

productivity, improve cost efficiency, enhance sustainability, and increase profits. In addition, this 

technology enhances food safety, transparency, and employment opportunities (Figure 3). 

 

Figure 3. Shows a flowchart of solutions, and benefits for smart livestock production farms. 

3.6. Directions for Future Research and Development in Smart Livestock Farms 

The future of smart livestock farming is being shaped by a continued focus on innovation and 

the development of new technologies that enable farmers to enhance animal welfare, increase 

productivity, and adopt sustainable practices. Key directions for future research and development 

include precision livestock farming, artificial intelligence, robotics, and automation, as well as 

sustainable practices [94, 95]. Furthermore, further research and development are necessary for the 

integration of various smart agriculture technologies. This will help breeders optimize their 

investments in smart farming technologies, thus creating smooth and efficient smart livestock farms 

and enhancing the sustainability of smart livestock production systems. 

4. Conclusions  

Smart agriculture is a rapidly growing field with great potential to boost livestock production 

and achieve sustainable development goals. Smart agriculture can increase livestock production, 

improve resource efficiency, and enhance animal welfare. Addressing cost, education, and policy 

challenges is critical for the success of smart agriculture and sustainable livestock. Smart agriculture 

can revolutionize livestock by using technology to collect, transmit, store, and analyze data, generate 
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insights, provide real-time information, control conditions, and automate tasks. This can improve 

animal welfare, increase productivity, and reduce costs. As the technology continues to develop and 

become more widely adopted, we can expect to see even more innovative and transformative 

applications in the years to come.  

Smart agriculture technologies have the potential to revolutionize livestock production, making 

it more sustainable, efficient, and profitable. However, these technologies are still in their early stages 

of development and face some challenges, such as cost and training. Nevertheless, the potential 

benefits are significant, and smart agriculture technologies will likely play an increasingly important 

role in livestock production in the future. Smart livestock farming is a promising new approach that 

can help us meet the challenges of feeding a growing population sustainably. This research holds a 

positive outlook regarding its capacity to transform the livestock sector and play a substantial role in 

enhancing food security. 

5. Recommendations 

Stakeholders interested in livestock production should have a positive outlook when 

implementing smart agriculture. Integrating smart technologies with the animal production sector 

can enhance the performance of animal production farms. Therefore, this research recommends that 

breeders adopt smart technology in livestock farms. 

Author Contributions: Every author contributed equally to the initial draft of the manuscript and then 

participated in the review and approval process of the final published version. 

Funding: The research did not receive any funding.  

Acknowledgments: The authors sincerely thank all universities and research institutions for their administrative 

support, enabling the completion of this collaborative research.  

Conflict of Interest: The authors declare that they have no conflict of interest.  

References Section 

1. Konstantinos Perakis, Fenareti Lampathaki, Konstantinos Nikas, Yiannis Georgiou, Oskar Marko, Jarissa 

Maselyne   . CYBELE – Fostering precision agriculture & livestock farming through secure access to large-

scale HPC enabled virtual industrial experimentation environments fostering scalable big data analytics. 

Computer Networks, 2020. Volume 168. https://doi.org/10.1016/j.comnet.2019.107035        

2. Zhang, Fan, Yu Zhang, Weidang Lu, Yuan Gao, Yi Gong, and Jiang Cao. "6G-Enabled Smart Agriculture: 

A Review and Prospect". Electronics, 2022. Volume 11, no. 18: 2845. 

https://doi.org/10.3390/electronics11182845   

3. Monteiro, António, Sérgio Santos, and Pedro Gonçalves. "Precision Agriculture for Crop and Livestock 

Farming—Brief Review". Animals, 2021. Volume 11, no. 8: 2345. https://doi.org/10.3390/ani11082345   

4. Farooq, Muhammad Shoaib, Shamyla Riaz, Adnan Abid, Tariq Umer, and Yousaf Bin Zikria. "Role of IoT 

Technology in Agriculture: A Systematic Literature Review". Electronics, 2020. Volume 9, no. 2: 319. 

https://doi.org/10.3390/electronics9020319     

5. Alabdali, Salem Ahmed, Salvatore Flavio Pileggi, and Dilek Cetindamar. "Influential Factors, Enablers, and 

Barriers to Adopting Smart Technology in Rural Regions: A Literature Review". Sustainability, 2023. 

Volume 15, no. 10: 7908. https://doi.org/10.3390/su15107908    

6. Abdelbaki, Asmaa, and Thomas Udelhoven. "A Review of Hybrid Approaches for Quantitative 

Assessment of Crop Traits Using Optical Remote Sensing: Research Trends and Future Directions". Remote 

Sensing, 2022. Volume 14, no. 15: 3515. https://doi.org/10.3390/rs14153515 

7. Xu, Xin Long, Hsing Hung Chen, and Rong Rong Zhang. "The Impact of Intellectual Capital Efficiency on 

Corporate Sustainable Growth-Evidence from Smart Agriculture in China". Agriculture, 2020. Volume 10, 

no. 6: 199. https://doi.org/10.3390/agriculture10060199  

8. Abderahman Rejeb, Karim Rejeb, Alireza Abdollahi, Fadi Al-Turjman, Horst Treiblmaier. The Interplay 

between the Internet of Things and agriculture: A bibliometric analysis and research agenda. Internet of 

Things, 2022. Volume 19. https://doi.org/10.1016/j.iot.2022.100580 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 October 2023                   doi:10.20944/preprints202310.1229.v1

https://doi.org/10.20944/preprints202310.1229.v1


 10 

 

9. Sandya De Alwis, Ziwei Hou, Yishuo Zhang, Myung Hwan Na, Bahadorreza Ofoghi, Atul Sajjanhar. A 

survey on smart farming data, applications and techniques. Computers in Industry, 2022. Volume 138. 

https://doi.org/10.1016/j.compind.2022.103624 

10. Khan, Nawab, Ram L. Ray, Hazem S. Kassem, Sajjad Hussain, Shemei Zhang, Muhammad Khayyam, 

Muhammad Ihtisham, and Simplice A. Asongu. "Potential Role of Technology Innovation in 

Transformation of Sustainable Food Systems: A Review" Agriculture, 2021. Volume 11, no. 10: 984. 

https://doi.org/10.3390/agriculture11100984  

11. Azadi, H., Movahhed Moghaddam, S., Burkart, S., Mahmoudi, H., Van Passel, S., Kurban, A., & Lopez-

Carr, D. Rethinking resilient agriculture: From Climate-Smart Agriculture to Vulnerable-Smart 

Agriculture. Journal of Cleaner Production, 2021. Volume 319, 128602. 

https://doi.org/10.1016/j.jclepro.2021.128602 

12. Dawkins, M. S. Does Smart Farming Improve or Damage Animal Welfare? Technology and What Animals 

Want. Frontiers in Animal Science, 2021. Volume 2, 736536. https://doi.org/10.3389/fanim.2021.736536 

13. Held, S. D., & Spinka, M. Animal play and animal welfare. Animal Behaviour, 2011. Volume 81(5), 891-899. 

https://doi.org/10.1016/j.anbehav.2011.01.007  

14. Alipio, M., & Villena, M. L. Intelligent wearable devices and biosensors for monitoring cattle health 

conditions: A review and classification. Smart Health, 2023. Volume 27, 100369. 

https://doi.org/10.1016/j.smhl.2022.100369  

15. Punj, R., Kumar, R. Technological aspects of WBANs for health monitoring: a comprehensive 

review. Wireless Netw, 2019. Volume 251125–1157. https://doi.org/10.1007/s11276-018-1694-3 

16. Jiang, Bing, Wenjie Tang, Lihang Cui, and Xiaoshang Deng. "Precision Livestock Farming Research: A 

Global Scientometric Review" Animals, 2023. Volume 13, no. 13: 2096. https://doi.org/10.3390/ani13132096  

17. Gehlot, Anita, Praveen Kumar Malik, Rajesh Singh, Shaik Vaseem Akram, and Turki Alsuwian. "Dairy 4.0: 

Intelligent Communication Ecosystem for the Cattle Animal Welfare with Blockchain and IoT Enabled 

Technologies" Applied Sciences, 2022.  Volume 12, no. 14: 7316. https://doi.org/10.3390/app12147316  

18. Stampa, Ekaterina, Katrin Zander, and Ulrich Hamm. "Insights into German Consumers’ Perceptions of 

Virtual Fencing in Grassland-Based Beef and Dairy Systems: Recommendations for 

Communication" Animals, 2020. Volume 10, no. 12: 2267. https://doi.org/10.3390/ani10122267 

19. Lomax, Sabrina, Patricia Colusso, and Cameron E.F. Clark. "Does Virtual Fencing Work for Grazing Dairy 

Cattle?" Animals, 2019. Volume 9, no. 7: 429. https://doi.org/10.3390/ani9070429 

20. Neethirajan, S., Tuteja, S. K., Huang, S., & Kelton, D. Recent advancement in biosensors technology for 

animal and livestock health management. Biosensors and Bioelectronics. 2017. Volume 98, 398-407. 

https://doi.org/10.1016/j.bios.2017.07.015  

21. Curtis, S. E. Animal Well-Being and Animal Care. Veterinary Clinics of North America: Food Animal 

Practice, 1987. Volume 3(2), 369-382. https://doi.org/10.1016/S0749-0720(15)31158-0 

22. Wilkie, B., & Mallard, B. Selection for high immune response: An alternative approach to animal health 

maintenance? Veterinary Immunology and Immunopathology, 1999. Volume 72(1-2), 231-235. 

https://doi.org/10.1016/S0165-2427(99)00136-1  

23. Yongqiang C., L. Shaofang, L. Hongmei, T. Pin and C. Yilin, Application of Intelligent Technology in 

Animal Husbandry and Aquaculture Industry, 14th International Conference on Computer Science & 

Education (ICCSE), Toronto, ON, Canada, 2019. pp. 335-339. https://doi:10.1109/ICCSE.2019.8845527 

24. Place F, Niederle P, Sinclair F, Carmona NE, Guéneau S, Gitz V, Alpha A, Sabourin E and Hainzelin E. 

Agro ecologically conducive policies: A review of recent advances and remaining challenges, 2022. 

Working Paper 1. Bogor, Indonesia: The Transformative Partnership Platform on Agroecology. 

https://www.cifor.org/publications/pdf_files/WPapers/TPP-WP-1.pdf  

25. Zougmoré, R., Partey, S., Ouédraogo, M. et al. Toward climate-smart agriculture in West Africa: a review 

of climate change impacts, adaptation strategies and policy developments for the livestock, fishery and 

crop production sectors. Agric & Food Secur, 2016. Volume 5, 26. https://doi.org/10.1186/s40066-016-0075-

3 

26. Salla Ruuska, Sari Kajava, Mikaela Mughal, Nils Zehner, Jaakko Mononen. Validation of a pressure sensor-

based system for measuring eating, rumination and drinking behaviour of dairy cattle. Applied Animal 

Behaviour Science, 2016. Volume 174. https://doi.org/10.1016/j.applanim.2015.11.005  

27. Herrero, M., Thornton, P. K., Notenbaert, A. M., Wood, S., Msangi, S., Freeman, H. A., Bossio, D., Dixon, 

J., Peters, M., Lynam, J., Rao, P. P., Macmillan, S., Gerard, B., McDermott, J., Seré, C., & Rosegrant, M. Smart 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 October 2023                   doi:10.20944/preprints202310.1229.v1

https://doi.org/10.20944/preprints202310.1229.v1


 11 

 

Investments in Sustainable Food Production: Revisiting Mixed Crop-Livestock Systems. 

Science, 2010. https://doi.org/1183725 

28. Hernandez-Patlan D, Tellez-Isaias G, Hernandez-Velasco X and Solis-Cruz B. Editorial: Technological 

strategies to improve animal health and production. Frontiers in Veterinary Science, 2023. Volume 10, 

1206170. https://doi.org/10.3389/fvets.2023.1206170 

29. Mugunieri, G., Irungu, P. & Omiti, J. Performance of Community-based Animal Health Workers in the 

Delivery of Livestock Health Services. Tropical Animal Health and Production, 2004. Volume 36, 523–535. 

https://doi.org/10.1023/B:TROP.0000040930.94967.77  

30. Botín-Sanabria, Diego M., Adriana-Simona Mihaita, Rodrigo E. Peimbert-García, Mauricio A. Ramírez-

Moreno, Ricardo A. Ramírez-Mendoza, and Jorge de J. Lozoya-Santos. "Digital Twin Technology 

Challenges and Applications: A Comprehensive Review" Remote Sensing, 2022. Volume 14, no. 6: 1335. 

https://doi.org/10.3390/rs14061335 

31. Wataru Iwasaki, Nobutomo Morita, Maria Portia Briones Nagata. 14 - IoT sensors for smart livestock 

management. Editor(s): Kohji Mitsubayashi, Osamu Niwa, Yuko Ueno. Chemical, Gas, and Biosensors for 

Internet of Things and Related Applications. Elsevier, 2019. https://doi.org/10.1016/B978-0-12-815409-

0.00015-2  

32. Melnikov, Pavel, Alexander Bobrov, and Yuriy Marfin. "On the Use of Polymer-Based Composites for the 

Creation of Optical Sensors: A Review" Polymers, 2022. 14, no. 20: 4448. 

https://doi.org/10.3390/polym14204448 

33. Singh, Devendra, Rajesh Singh, Anita Gehlot, Shaik Vaseem Akram, Neeraj Priyadarshi, and Bhekisipho 

Twala. "An Imperative Role of Digitalization in Monitoring Cattle Health for Sustainability" Electronics, 

2022. Volume 11, no. 17: 2702. https://doi.org/10.3390/electronics11172702 

34. Karthick, G.S., Sridhar, M. & Pankajavalli, P.B. Internet of Things in Animal Healthcare (IoTAH): Review 

of Recent Advancements in Architecture, Sensing Technologies and Real-Time Monitoring. SN COMPUT. 

SCI, 2020. Volume 1, 301. https://doi.org/10.1007/s42979-020-00310-z  

35. Dayoub, M., Nakiyemba, A., Plosila, J. Applications of Internet of Things (IoT) in Agriculture - The 

Potential and Challenges in Smart Farm in Uganda. In: Hassanien, A.E., et al. Proceedings of the 

International Conference on Artificial Intelligence and Computer Vision (AICV2021). AICV 2021. Advances 

in Intelligent Systems and Computing, vol 1377. Springer, Cham. https://doi.org/10.1007/978-3-030-76346-

6_13  

36. Ullo, Silvia Liberata, and G. R. Sinha. "Advances in IoT and Smart Sensors for Remote Sensing and 

Agriculture Applications" Remote Sensing, 2021. Volume 13, no. 13: 2585. 

https://doi.org/10.3390/rs13132585   

37. Admela Jukan, Xavi Masip-Bruin, and Nina Amla. Smart computing and sensing technologies for animal 

welfare: A systematic review. ACM Comput. Surv, 2017. 50, 1, Article 10, 27 pages. 

http://dx.doi.org/10.1145/3041960 

38. Fernando, D., Salcedo, J. V., D., P., & Sanchis, J. Mobile robotics in smart farming: Current trends and 

applications. Frontiers in Artificial Intelligence, 2023. Volume 6, 1213330. 

https://doi.org/10.3389/frai.2023.1213330 

39. Patil, Hardiki and Ansari, Namrata, Smart Surveillance and Animal Care system using IOT and Deep 

Learning (April 8, 2020). Proceedings of the 3rd International Conference on Advances in Science & 

Technology (ICAST) 2020, https://ssrn.com/abstract=3565274 or http://dx.doi.org/10.2139/ssrn.3565274   

40. Si, L. F., Li, M., & He, L.  Farmland monitoring and livestock management based on internet of 

things. Internet of Things, 2022. Volume 19, 100581. https://doi.org/10.1016/j.iot.2022.100581 

41. Mengjie Zhang, Xuepei Wang, Huanhuan Feng, Qiuyi Huang, Xinqing Xiao, Xiaoshuan Zhang. Wearable 

Internet of Things enabled precision livestock farming in smart farms: A review of technical solutions for 

precise perception, biocompatibility, and sustainability monitoring. Journal of Cleaner Production, 2021. 

Volume 312. https://doi.org/10.1016/j.jclepro.2021.127712  

42. Stankovski S, Ostojic G, Senk I, Rakic-Skokovic M, Trivunovic S, Kucevic D. Dairy cow monitoring by RFID. 

Sci agric (Piracicaba, Braz), Internet, 2012. Volume 69(1):75–80. https://doi.org/10.1590/S0103-

90162012000100011 

43. Sherwin, C. M., Christiansen, S. B., Duncan, I. J., Erhard, H. W., Lay, D. C., Mench, J. A., O’Connor, C. E., 

& Petherick, J. Guidelines for the ethical use of animals in applied ethology studies. Applied Animal 

Behaviour Science, 2003. Volume 81(3), 291-305. https://doi.org/10.1016/S0168-1591(02)00288-5 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 October 2023                   doi:10.20944/preprints202310.1229.v1

https://doi.org/10.20944/preprints202310.1229.v1


 12 

 

44. Dineva, Kristina, and Tatiana Atanasova. "Cloud Data-Driven Intelligent Monitoring System for Interactive 

Smart Farming" Sensors, 2022. Volume 22, no. 17: 6566. https://doi.org/10.3390/s22176566 

45. Said Mohamed, E., Belal, A., Kotb Abd-Elmabod, S., El-Shirbeny, M. A., Gad, A., & Zahran, M. B. Smart 

farming for improving agricultural management. The Egyptian Journal of Remote Sensing and Space 

Science, 2021. Volume 24(3), 971-981. https://doi.org/10.1016/j.ejrs.2021.08.007 

46. Doshi, J., Patel, T., & Bharti, S. K. Smart Farming using IoT, a solution for optimally monitoring farming 

conditions. Procedia Computer Science, 2018. Volume 160, 746-751. 

https://doi.org/10.1016/j.procs.2019.11.016 

47. Bocken, Nancy, Lisa Smeke Morales, and Matthias Lehner. "Sufficiency Business Strategies in the Food 

Industry—The Case of Oatly" Sustainability, 2020. Volume 12, no. 3: 824. 

https://doi.org/10.3390/su12030824 

48. Davenport, T., Guha, A., Grewal, D. et al.  How artificial intelligence will change the future of marketing. J. 

of the Acad. Mark. Sci, 2020. Volume 48, 24–42. https://doi.org/10.1007/s11747-019-00696-0 

49. Soares, J.A., Galvão, A.L.B., de Matos, L.V.S., Pierucci, J.C., Bresciani, K.D.S. and Pizzinatto, 

N.K.  "Marketing strategies in small animal clinical practice", International Journal of Pharmaceutical and 

Healthcare Marketing, 2017. Vol. 11 No. 3, pp. 235-247. https://doi.org/10.1108/IJPHM-12-2015-0057 

50. Eastwood, C., Ayre, M., Nettle, R., & Dela Rue, B. Making sense in the cloud: Farm advisory services in a 

smart farming future. NJAS - Wageningen Journal of Life Sciences, 2019. Volume 90-91, 100298. 

https://doi.org/10.1016/j.njas.2019.04.004 

51. Andronie, Mihai, George Lăzăroiu, Mariana Iatagan, Iulian Hurloiu, and Irina Dijmărescu. "Sustainable 

Cyber-Physical Production Systems in Big Data-Driven Smart Urban Economy: A Systematic Literature 

Review" Sustainability, 2021. Volume 13, no. 2: 751. https://doi.org/10.3390/su13020751 

52. Alqahtani, Eman, Nourah Janbi, Sanaa Sharaf, and Rashid Mehmood. "Smart Homes and Families to 

Enable Sustainable Societies: A Data-Driven Approach for Multi-Perspective Parameter Discovery Using 

BERT Modelling" Sustainability, 2022. Volume 14, no. 20: 13534. https://doi.org/10.3390/su142013534 

53. Mahfuz, S., Mun, H., Dilawar, M. A., & Yang, C. Applications of Smart Technology as a Sustainable 

Strategy in Modern Swine Farming. Sustainability, 2021. Volume 14(5), 2607. 

https://doi.org/10.3390/su14052607 

54. Neethirajan, S. The role of sensors, big data and machine learning in modern animal farming. Sensing and 

Bio-Sensing Research, 2020. Volume 29, 100367. https://doi.org/10.1016/j.sbsr.2020.100367 

55. Zuidhof, M. Precision livestock feeding: Matching nutrient supply with nutrient requirements of 

individual animals. Journal of Applied Poultry Research, 2020. Volume 29(1), 11-14. 

https://doi.org/10.1016/j.japr.2019.12.009  

56. Neethirajan, S., & Kemp, B. Digital Livestock Farming. Sensing and Bio-Sensing Research, 2021. Volume 

32, 100408. https://doi.org/10.1016/j.sbsr.2021.100408 

57. Park, J.-H., & Han, M.-H. Enhancing Livestock Management with IoT-based Wireless Sensor Networks: A 

Comprehensive Approach for Health Monitoring, Location Tracking, Behavior Analysis, and 

Environmental Optimization. Journal of Sustainable Urban Futures, 2023. Volume 13(6), 34–46. 

https://neuralslate.com/index.php/Journal-of-Sustainable-Urban-Fut/article/view/18 

58. Moerkerken, A., Duijndam, S., Blasch, J., Van Beukering, P., & Smit, A. Determinants of energy efficiency 

in the Dutch dairy sector: Dilemmas for sustainability. Journal of Cleaner Production, 2021. Volume 293, 

126095. https://doi.org/10.1016/j.jclepro.2021.126095 

59. Sadeghi, E., Kappers, C., Chiumento, A., Derks, M., & Havinga, P. Improving piglets health and well-being: 

A review of piglets health indicators and related sensing technologies. Smart Agricultural Technology, 

2023. Volume 5, 100246. https://doi.org/10.1016/j.atech.2023.100246 

60. Neethirajan, S. SOLARIA-SensOr-driven resiLient and adaptive monitoRIng of farm Animals. Agriculture, 

2023. Volume 13(2), 436. https://doi.org/10.3390/agriculture13020436  

61. Karunathilake, E. M., Le, A. T., Heo, S., Chung, Y. S., & Mansoor, S. The Path to Smart Farming: Innovations 

and Opportunities in Precision Agriculture. Agriculture, 2023. Volume 13(8), 1593. 

https://doi.org/10.3390/agriculture13081593 

62. Herlin, A., Brunberg, E., Hultgren, J., Högberg, N., Rydberg, A., & Skarin, A. Animal Welfare Implications 

of Digital Tools for Monitoring and Management of Cattle and Sheep on Pasture. Animals, 2021. Volume 

11(3), 829. https://doi.org/10.3390/ani11030829 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 October 2023                   doi:10.20944/preprints202310.1229.v1

https://doi.org/10.20944/preprints202310.1229.v1


 13 

 

63. Klaas E. and M. Roopaei, "Immersive Analytics Application in Smart Agriculture and Animal 

Behavior," 2021 IEEE 11th Annual Computing and Communication Workshop and Conference (CCWC), 

NV, USA, 2021. pp. 0290-0296. https://doi: 10.1109/CCWC51732.2021.9375943 

64. Sendros, A.; Drosatos, G.; Efraimidis, P.S.; Tsirliganis, N.C. Blockchain Applications in Agriculture: A 

Scoping Review. Appl. Sci, 2022, 12, 8061. https://doi.org/10.3390/app12168061  

65. Shen, L.; Zhang, Z.; Zhou, Y.; Xu, Y. Applying Blockchain Technology and the Internet of Things to Improve 

the Data Reliability for Livestock Insurance. Sensors, 2023, 23, 6290. https://doi.org/10.3390/s23146290   

66. Kampan, K., Tsusaka, T. W., & Anal, A. K. Adoption of Blockchain Technology for Enhanced Traceability 

of Livestock-Based Products. Sustainability, 2021, 14(20), 13148. https://doi.org/10.3390/su142013148  

67. Micle, Diana Elena, Florina Deiac, Alexandru Olar, Raul Florentin Drența, Cristian Florean, Ionuț Grigore 

Coman, and Felix Horațiu Arion. "Research on Innovative Business Plan. Smart Cattle Farming Using 

Artificial Intelligent Robotic Process Automation" Agriculture, 2021. Volume 11, no. 5: 430. 

https://doi.org/10.3390/agriculture11050430  

68. Banhazi T M, Lehr H, Black J L, Crabtree H, Schofield P, Tscharke M, et al. Precision Livestock Farming: 

An international review of scientific and commercial aspects. Int J Agric & Biol Eng, 2012. 5(3): 1. 

https://www.abepublishing .org/~abepubli/journals/index.php/ijabe/article/view/599  

69. Gebska, M., Grontkowska, A., Swiderek, W., & Golebiewska, B. Farmer Awareness and Implementation of 

Sustainable Agriculture Practices in Different Types of Farms in Poland. Sustainability, 2019. Volume 

12(19), 8022. https://doi.org/10.3390/su12198022  

70. Buller, H., Blokhuis, H., Jensen, P., & Keeling, L. Towards Farm Animal Welfare and Sustainability. 

Animals, 2018. Volume 8(6), 81. https://doi.org/10.3390/ani8060081 

71. Akhigbe, B. I., Munir, K., Akinade, O., Akanbi, L., & Oyedele, L. O. IoT Technologies for Livestock 

Management: A Review of Present Status, Opportunities, and Future Trends. Big Data and Cognitive 

Computing, 2021. Volume 5(1), 10. https://doi.org/10.3390/bdcc5010010  

72. Koltes Azadi, J. E., Cole, J. B., Clemmens, R., Dilger, R. N., Kramer, L. M., Lunney, J. K., McCue, M. E., 

McKay, S. D., Mateescu, R. G., Murdoch, B. M., Reuter, R., Rexroad, C. E., Rosa, G. J., Serão, N. V., White, 

S. N., Jennifer, M., Worku, M., Zhang, H., & Reecy, J. M. A Vision for Development and Utilization of High-

Throughput Phenotyping and Big Data Analytics in Livestock. Frontiers in Genetics, 2019. Volume 10, 

480865. https://doi.org/10.3389/fgene.2019.01197 

73. Cagnacci Francesca, Boitani Luigi, Powell Roger A. and Boyce Mark S. Animal ecology meets GPS-based 

radiotelemetry: a perfect storm of opportunities and challenges Phil. Trans. R. Soc, 2010. B3652157–2162. 

http://doi.org/10.1098/rstb.2010.0107 

74. Singh, A., Gutub, A., Nayyar, A. et al. Redefining food safety traceability system through blockchain: 

findings, challenges and open issues. Multimed Tools Appl, 2023. Volume 82, 21243–21277. 

https://doi.org/10.1007/s11042-022-14006-4 

75. Iftekhar, A., & Cui, X. Blockchain-Based Traceability System That Ensures Food Safety Measures to Protect 

Consumer Safety and COVID-19 Free Supply Chains. Foods, 2021. Volume 10(6), 1289. 

https://doi.org/10.3390/foods10061289  

76. Lei, M., Xu, L., Liu, T., Liu, S., & Sun, C. Integration of Privacy Protection and Blockchain-Based Food Safety 

Traceability: Potential and Challenges. Foods, 2021. Volume 11(15), 2262. 

https://doi.org/10.3390/foods11152262 

77. Finger, R., Swinton, S. M., Benni, N. E., & Walter, A. Precision Farming at the Nexus of Agricultural 

Production and the Environment, 2019. https://doi.org/10.1146/annurev-resource-100518-093929 

78. Klerkx, L., Jakku, E., & Labarthe, P. A review of social science on digital agriculture, smart farming and 

agriculture 4.0: New contributions and a future research agenda. NJAS - Wageningen Journal of Life 

Sciences, 2019. Volume 90-91, 100315. https://doi.org/10.1016/j.njas.2019.100315  

79. Al-Turjman, F., Zahmatkesh, H., & Shahroze, R. An overview of security and privacy in smart cities' IoT 

communications. Transactions on Emerging Telecommunications Technologies, 2022. Volume 33(3), e3677. 

https://doi.org/10.1002/ett.3677 

80. Debauche, O., Trani, J., Mahmoudi, S., Manneback, P., Bindelle, J., Mahmoudi, S. A., Guttadauria, A., & 

Lebeau, F. Data management and internet of things: A methodological review in smart farming. Internet 

of Things, 2021. Volume 14, 100378. https://doi.org/10.1016/j.iot.2021.100378  

81. Faid, A., Sadik, M., & Sabir, E. An Agile AI and IoT-Augmented Smart Farming: A Cost-Effective Cognitive 

Weather Station. Agriculture, 2021. Volume 12(1), 35. https://doi.org/10.3390/agriculture12010035 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 October 2023                   doi:10.20944/preprints202310.1229.v1

https://doi.org/10.20944/preprints202310.1229.v1


 14 

 

82. Shruthi K A, Ihita G V, Sachin Chaudhari. A Survey on Rural Internet Connectivity in India. ArXiv. 

/abs/2111.10219, 2021. https://doi.org/10.48550/arXiv.2111.10219 

83. Kearrin Sims. Infrastructure violence and retroliberal development: connectivity and dispossession in 

Laos, Third World Quarterly, 2021. Volume 42:8, 1788-1808. https://doi.10.1080/01436597.2021.1920831 

84. Roussaki, I., Doolin, K., Skarmeta, A., Routis, G., Lopez-Morales, J. A., Claffey, E., Mora, M., & Martinez, J. 

A. Building an interoperable space for smart agriculture. Digital Communications and Networks, 2023. 

9(1), 183-193. https://doi.org/10.1016/j.dcan.2022.02.004 

85. Kutter, T., Tiemann, S., Siebert, R. et al. The role of communication and co-operation in the adoption of 

precision farming. Precision Agric, 2011. Volume 12, 2–17. https://doi.org/10.1007/s11119-009-9150-0 

86. Reichelt, N., & Nettle, R. Practice insights for the responsible adoption of smart farming technologies using 

a participatory technology assessment approach: The case of virtual herding technology in Australia. 

Agricultural Systems, 2023. Volume 206, 103592. https://doi.org/10.1016/j.agsy.2022.103592 

87. Wiseman, L., Sanderson, J., Zhang, A., & Jakku, E. Farmers and their data: An examination of farmers’ 

reluctance to share their data through the lens of the laws impacting smart farming. NJAS -Wageningen 

Journal of Life Sciences, 2019. Volume 90-91, 100301. https://doi.org/10.1016/j.njas.2019.04.007 

88. Raheem, D., Dayoub, M., Birech, R., & Nakiyemba, A. The Contribution of Cereal Grains to Food Security 

and Sustainability in Africa: Potential Application of UAV in Ghana, Nigeria, Uganda, and Namibia. Urban 

Science, 2021. Volume 5(1), 8. https://doi.org/10.3390/urbansci5010008 

89. Rojas-Downing, M. M., Nejadhashemi, A. P., Harrigan, T., & Woznicki, S. A. Climate change and livestock: 

Impacts, adaptation, and mitigation. Climate Risk Management, 2016. Volume 16, 145-163. 

https://doi.org/10.1016/j.crm.2017.02.001 

90. Nardone, A., Ronchi, B., Lacetera, N., Ranieri, M., & Bernabucci, U. Effects of climate changes on animal 

production and sustainability of livestock systems. Livestock Science, 2010. Volume 130 (1-3), 57-69. 

https://doi.org/10.1016/j.livsci.2010.02.011 

91. Zhang, M., Wang, X., Feng, H., Huang, Q., Xiao, X., & Zhang, X. Wearable Internet of Things enabled 

precision livestock farming in smart farms: A review of technical solutions for precise perception, 

biocompatibility, and sustainability monitoring. Journal of Cleaner Production, 2021. 312, 127712. 

https://doi.org/10.1016/j.jclepro.2021.127712 

92. Symeonaki, E., Arvanitis, K. G., Piromalis, D., Tseles, D., & Balafoutis, A. T. Ontology-Based IoT 

Middleware Approach for Smart Livestock Farming toward Agriculture 4.0: A Case Study for Controlling 

Thermal Environment in a Pig Facility. Agronomy, 2022. 12(3), 750. 

https://doi.org/10.3390/agronomy12030750 

93. Kopler, I., Marchaim, U., Tikász, I. E., Opaliński, S., Kokin, E., Mallinger, K., Neubauer, T., Gunnarsson, S., 

Soerensen, C., Phillips, C. J., & Banhazi, T. Farmers’ Perspectives of the Benefits and Risks in Precision 

Livestock Farming in the EU Pig and Poultry Sectors. Animals, 2022. 13(18), 2868. 

https://doi.org/10.3390/ani13182868  

94. Van der Burg, S., Bogaardt, M., & Wolfert, S. Ethics of smart farming: Current questions and directions for 

responsible innovation towards the future. NJAS - Wageningen Journal of Life Sciences, 2019. 90-91, 100289. 

https://doi.org/10.1016/j.njas.2019.01.001 

95. Farooq M. S., O. O. Sohail, A. Abid and S. Rasheed, "A Survey on the Role of IoT in Agriculture for the 

Implementation of Smart Livestock Environment," in IEEE Access, 2022. vol. 10, pp. 9483-9505. 

https://doi:10.1109/ACCESS.2022.3142848  

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 October 2023                   doi:10.20944/preprints202310.1229.v1

https://doi.org/10.20944/preprints202310.1229.v1

