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Abstarct.

Objetive. Conduct a bibliometric study on the main artificial intelligence (Al) tools applied to livestock production
systems, especially ruminants and nonruminants, in the period 2019-2024.

Methodology. A retrospective descriptive crosssectional study was developed based on the analysis of scientific
sources, analytical tools, and content analysis techniques. The corpus was constructed using the Scopus database,
selected for its multidisciplinary coverage in areas such as veterinary medicine, animal husbandry and related fields.
The search strategy included original articles, systematic reviews, data analyses and brief reports, delimiting the subject
matter to title, abstract and keywords. The bibliometric analysis was performed with the statistical software R using
the Biblioshiny interface.

Results. A total of 726 documents from 208 sources were evaluated. The research showed a growing trend with a
confidence level of 97.73% and an annual growth rate of 34.46%. The year 2024 reached a peak with 211
publications. There was a high level of international collaboration, with Italy (499), China (427) and Brazil in Latin
America (230) standing out. The most frequent keywords were ‘precision livestock farming’ (387), “livestock” (195)
and ‘animals’ (180), highlighting topics in machine learning (ML) technologies applied to animal welfare and grazing
management,

Conclusion. The analysis confirms the strong emphasis on Al and machine learning in precision livestock farming,
consolidating it as a key approach to improving efficiency and sustainability. However, adoption faces resistance due
to high costs and operational complexity. Some authors recommend inclusion in academia with more accessible
commercial approaches for the livestock sector.
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INTRODUCTION

Artificial intelligence (AI) has emerged as a disruptive force, driving significant changes in various areas
of modern life. (1) In this context, Al has been driving and transforming the agricultural sector, (2)
completely changing traditional methods of farming and livestock breeding. The implementation of
advanced tools such as ChatGPT, Copilot, DALL-E, (3) along with drones, smart sensors, UAVs and Big
Data enables better decision-making and resource management. (4) In the specific case of precision
agriculture, Al has greatly benefited farmers, enabling the implementation of these cutting-edge tools to
promote sustainable agriculture, increase productivity and strengthen crop resilience. (5) Livestock
farming has also been boosted by Al, enabling more efficient use of resources, reducing carbon footprints
and promoting animal welfare. (6) However, the implementation of these tools faces major challenges
such as the digital divide and a significant initial investment. (5)

The integration of Al into agricultural production systems has made it possible to optimize the
management and control of crops and animals in key processes such as sowing, irrigation, fertilization,
harvesting, health, breeding, genetic management, reproduction and animal nutrition, etc. (7,8), adapting
to the particularities of each system and each species.

In ruminant production systems, the implementation of machine learning techniques has become
increasingly important in optimizing production and reproductive parameters, especially in cattle, sheep
and goats. Continuous monitoring of physiological and environmental variables using sensors and smart
platforms has significantly improved early disease detection, reducing the costs associated with veterinary
treatments and minimizing the negative impact on production performance. A specific case is the use of
tools such as Machine Learning (ML) in stress analysis, which has proven to be highly effective in
identifying complex patterns in large volumes of heterogeneous data, facilitating early interventions that
prevent consequences such as sustained weight loss, abortions, immunosuppression and increased
susceptibility to infectious or parasitic diseases. (9) Similarly, chips implanted in livestock to record
parameters such as individual identification, location, feed intake, and general activity have proven to be
key tools for improving management efficiency, strengthening traceability programmers, and promoting
sustainable practices in animal production. (10)
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Brazil and the world's leading meat-producing countries have been implementing radio frequency
identification (RFID) for farm automation. A representative example is the system developed with the
ESP32 microcontroller and the RFID-RC522 module, in which each animal carries a chip encoded with
a unique identifier that, when read by the system, allows immediate access to its production, reproductive,
health, nutritional and even behavioural history, (11) thus ensuring traceability. Similarly, the
incorporation of IoT sensors expands the functional scope of the system by enabling the recording of
environmental variables such as temperature, humidity and heat stress index, which directly affect the
welfare and productive performance of livestock. (11) All this, combined with the automation of
administrative processes that are essential to the livestock industry, such as budget management, cost
control, and production and operations management, (12) optimizes operational management and
strengthens international competitiveness by ensuring compliance with strict quality and sustainability
standards in meat production.

Technological progress has not been limited to ruminant production. In the case of systems for non-
ruminants, the adoption of digital tools and automated processes has grown significantly, incorporating
methods tailored to the specific characteristics of species such as poultry and pigs. In poultry farming, the
integration of advanced technologies has transformed production and health management, promoting
more efficient, traceable and sustainable production. The combination of automatic weighing sensors,
smart feeders and predictive analysis algorithms has optimized feed conversion by adjusting the quantity
and composition of feed in real time based on the actual growth of the flock. Computer vision systems
allow for continuous assessment of bird uniformity, detection of abnormal behaviour and anticipation of
performance declines, while machine learning platforms analyze production, health and environmental
data to identify patterns associated with diseases such as Salmonella. (13) In addition, the incorporation
of robots for tasks such as data collection, behaviour monitoring, health inspection and automated
cleaning reduces the workload, improves biosecurity and ensures faster and more accurate interventions.
(14) The synergy between these technological innovations strengthens the ability to respond to production
and health risks, increases operational efficiency, and ensures compliance with demanding safety and
quality standards in the modern poultry industry.

In pig farming, advances have focused on reproductive management. The use of chips and management
platforms connected to biometric sensors allows parameters such as reproductive cycles, intervals between
births, conception rates and breeding performance to be recorded and analyzed. In addition, the
incorporation of heat monitoring systems using thermal cameras and activity detectors has increased the
accuracy of oestrus detection, facilitating artificial insemination at the optimal time and improving
prolificacy rates. The evolution of these technologies demonstrates how Al tools have become
fundamental pillars of modern livestock production. In this regard, the objective of this article is to
conduct a bibliometric study of the main artificial intelligence (AI) tools applied to livestock production
systems, especially ruminants and non-ruminants, in the period from 2019 to 2024.

METHODOLOGY

This study uses a bibliometric methodology to analyze the evolution, structure and impact of research on
artificial intelligence (AI) applied to livestock production systems, based on scientific sources, analytical
tools and content analysis techniques. A retrospective cross-sectional descriptive study was developed,
applying a bibliometric analysis of articles published in journals in the field of veterinary medicine and
related areas, published worldwide, which were found in the Scopus database in 2019-2024. The
bibliometric analysis focused on patterns of production and accumulation of knowledge, using
quantitative software tools to analyze large sets of bibliographic data.

The corpus was constructed from the Scopus databases, which were selected for their multidisciplinary
coverage in the areas of veterinary medicine, animal husbandry, and related fields. (15,16) The impact
and prestige indicator (SClmago Journal Rank), the quartile in which each journal is found, and its
respective H-index were taken into account.

The search strategy applied in this study took into account all original articles, systematic reviews, data
analyses, and brief research reports on the subject studied. To focus and delimit the subject of study, the
title, abstract, and keyword fields were covered, using key terms which are listed in Table 1.

Table 1. Inclusion and exclusion criteria

Criterio Election

Database Scopus

Search term Precision livestock farming, Artificial intelligence,
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Livestock  systems,  Precision  agriculture,
Ruminants,

Monogastric animals (non-ruminants).

Excluded documents | Errata

Biblioshiny, the Bibliometrix interface of the statistical software R, was used for its ability to process
Scopus data and generate conceptual structure analyses and thematic visualizations. (17) The approach
developed made it possible to compile bibliographic information from the dataset, facilitating the analysis
of research trends and patterns.

Ethical considerations.

Given that the study is based on the analysis of publicly available scientific publications, approval from
an ethics committee was not required. The integrity of all data in its original form was respected, and the
procedure can be reproduced and documented.

RESULT AND DISCUSSION

The identification of the documents described in the search regarding the integrated use of artificial
intelligence in precision livestock farming can be seen in Table 2. The types of source documents were:
article, book, book chapter, conference paper, data paper, editorial, erratum, note, review and short
survey.

Table 2. Analysis of results of the integrated use of artificial intelligence in precision livestock farming.
Period Source Documents Annual growth rate
2019-2024 208 726 34,46

International Co-
Authors Authors of works/single author |authorships Co-authors by documents
2942 24 31,27 5,49

Average age of the|Average number of
Key words References document citations per document
3158 5299 2,15 25,95

The trend in investigations for the period 2019-2024 was positive, with a confidence level of 97.73% and
a peak of 211 investigations in 2024, indicating that this trend may be exceeded in 2025.
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Figure 1. Scientific output per year

Collaborative research was identified in more than 30 countries (Figure 2). Analysis of publications by
country showed that Italy (499), China (427), the USA (391), the United Kingdom (293), Germany (212),
France (182), Spain (163), Netherlands (134), and Australia (114) were the leading countries in terms of
scientific productivity on the subject under investigation. In the Latin American geographical area, Brazil
stood out with 230 research projects (Figure 3).
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Figure 3. Main countries with publications on the integrated use of artificial intelligence in precision livestock farming.
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Figure 4 shows the number of publications per journal globally, listing the main journals with the most
articles in the field of study. The year and country of publication were taken into account, as well as the
h-index, in order to measure how a scientific article whose order number (from highest to lowest,
according to the number of citations) correlates with a lower or equal number of citations. (18) The
quartile number (Q) in which the journal is positioned in a specific field and the Scimago Journal Rank
(SJR) index show that all the journals presented in Figure 4 are in Quartile 1, with very relevant impacts
for the categories and sub-areas in which they are located (Agricultural and Biological Sciences, Animal
Science and Zoology).
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Figure 4. Publications reviewed globally

Among the most productive and cited authors is Neethirajan Suresh, University Research Chair Professor
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at Dalhousie University, Canada (Figure 5), who has conducted research focused on precision livestock
farming (PLF), using technology such as sensors, cameras and data analysis to monitor individual animals,
improving their health, welfare and productive efficiency. By collecting and analyzing data in real time.

Bibliometric impact analysis, based on citations and H-index, confirms that the studies by these authors
(Norton Tomas, Remus Aline, Pomar Candido, Guo Leifeng, Rosa Guilherme J.M, Halachmi Ilan, Kaler
Jasmeet, Lovarelli Daniela, Niemi Jarkko K) have served as key references in the consolidation of the field.
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Figure 5. Bibliometric impact of the most influential authors in the field of study

Figure 6 shows the keyword co-occurrence network, with a level between 2 and 21, where three clusters
with multiple items were identified. The most relevant keywords in most studies were related to livestock,
animal welfare, machine learning, agricultural workers, deep learning, computer vision, dairy cattle,
algorithms, among others.
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Figure 6. Word co-occurrence analysis.

The analysis of keyword frequency and density (Figure 7) showed the word precision livestock farming as
the most repeated (387 times), followed by livestock (195) and animals (180). Studies related to
agricultural productivity and the implementation of artificial intelligence in precision agriculture,
applications of smart technology as a sustainable strategy in production, and the use of remote sensor
systems applied to geo-plots are evident. (19-20-21)

Qualitative analysis of the most influential documents distributed by cluster (Figure 8) revealed that works
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focusing on precision livestock farming, machine learning, deep learning with applied technology, animal
welfare, and animal grazing, among others, allowed not only for mapping the relationships between
authors and topics, but also for interpreting the key content that gives meaning to the current research
ecosystem. The analysis of articles revealed that this is an area with many studies, indicating a strong
interest in applying innovative technologies to optimize the efficiency of livestock production. (22) The
studies used technologies for individualized animal analysis, collective herd analysis, and other mixed
approaches. (23-24)

The debate on precision livestock farming is a complex exercise involving advanced technological
integration, responsible management and animal welfare. PLF technologies are being adopted not only
to increase production efficiency, but also to ensure more ethical and sustainable practices in animal
management. (25) Sustainability must seek a balance between health, welfare, environmental
preservation, economic and ethical aspects, with the aim of maintaining animal production systems in
the long term. Automated monitoring, individual tracking and the use of image monitoring systems are
emerging as essential tools for creating a more suitable environment for animals, which benefits animal
production. (26)

precision livestock farming nonhuman
387
11%

computer vision dairy cattle
61 60

2%

animal welfare
166

algorithm
57
2%

Figure 7. Keyword frequency and density analysis

These approaches highlight a growing trend in the sector towards adopting animal welfare certifications
and practices in line with consumer and societal expectations, which demand greater transparency and
environmental responsibility. In this context, the relationship between humans and animals,
environmental conditions, economic management and new technologies become fundamental pillars for
the development of a more zootechnical animal industry with a modern and conscious approach. (27)

Clusters by Documents Coupling
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Figure 8. Thematic map of the conceptual groups identified in the analyzed literature (2019-2004).

CONCLUSION

The bibliometric analysis revealed a clear emphasis by researchers on technologies, especially artificial
intelligence and machine learning in livestock farming, which have been incorporated into the temporary
field of research. A significant increase in scientific publications was identified, as well as a large participation
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of countries through citations of works on this research topic. In the context of this bibliometric analysis, it
is important to mention the participation of Brazil, which had a significant number of documents, a position
that reflects its important presence in research on precision livestock farming.

Precision livestock farming is emerging globally as an essential approach to animal production, highlighting
areas of application in animal welfare, production efficiency and environmental sustainability, with the
optimization of real-time monitoring becoming increasingly relevant. However, the implementation of these
technologies faces resistance from producers due to high costs and operational complexity. Some writings
suggest inclusion in academia with commercially more accessible transformative approaches for the livestock
sector.
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