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Precision Livestock Farming (PLF) has emerged as a strategic approach to address
efficiency, sustainability, and animal welfare challenges in modern livestock
systems. Advances in sensor technologies, data analytics, and automated decision-
support tools have enabled real-time monitoring of feed intake, animal behavior,
and health status, yet empirical evidence on their integrated impacts remains
fragmented. This study aims to evaluate how innovations in precision feed
management and animal health monitoring contribute to optimized production
efficiency in intensive livestock systems. The research employed a quantitative
experimental design combined with farm-level monitoring, involving sensor-based
feed delivery systems, wearable health sensors, and automated data analytics
across selected commercial livestock farms. Performance indicators included feed
conversion ratio, growth or productivity rates, health incidence, and resource-use
efficiency. The results demonstrate that precision-managed feeding significantly
reduced feed waste while improving feed conversion efficiency, whereas
continuous health monitoring enabled early disease detection and reduced
morbidity rates. Integrated PLF systems produced measurable gains in overall
productivity and operational efficiency compared to conventional management
practices. The study concludes that the synergistic application of precision feed
management and animal health technologies enhances production efficiency while
supporting animal welfare and resource sustainability. These findings highlight the
potential of PLF as a transformative pathway for resilient and data-driven livestock
production systems.
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Precision Livestock Farming has gained increasing attention as livestock production
systems face mounting pressures related to efficiency, sustainability, and animal welfare
(Ahmed & Shakoor, 2025). Rapid growth in global demand for animal-derived food products
has intensified the need for production systems capable of maximizing output while
minimizing resource use and environmental impact (Albayrak, 2026). Conventional livestock
management practices, which rely heavily on periodic observation and generalized feeding
regimes, often fail to capture real-time variability in animal behavior, health status, and
nutritional needs, leading to inefficiencies and elevated production risks.

Technological advancements in digital sensing, automation, and data analytics have
reshaped agricultural production paradigms, including the livestock sector (Alshehri, 2023).
Innovations such as wearable sensors, automated feeding systems, and real-time health
monitoring platforms enable continuous data collection at the individual animal level
(Ammann et al., 2025). These technologies provide opportunities to transition from reactive
management to predictive and preventive approaches, allowing farmers to respond promptly to
changes in feed intake, physiological conditions, and disease indicators.

Despite the technological potential of Precision Livestock Farming, its adoption and
effectiveness remain uneven across production systems (Apollon et al., 2026). Variability in
farm size, management capacity, and technological integration has resulted in fragmented
implementation, often limiting the realization of system-wide benefits (Assan, 2026).
Understanding how innovations in feed management and animal health monitoring interact to
enhance production efficiency is therefore critical for advancing modern livestock systems.

Feed inefficiency remains one of the most significant constraints in livestock production,
accounting for a substantial proportion of total operational costs (Awais et al., 2026).
Traditional feeding strategies frequently apply uniform rations across herds, disregarding
individual variability in growth rate, metabolic efficiency, and health status (Bazza et al.,
2025). Such approaches contribute to feed wastage, suboptimal feed conversion ratios, and
increased environmental burdens due to excess nutrient excretion.

Animal health management presents another persistent challenge in conventional
livestock systems (Bonfanti et al., 2025). Disease detection often relies on visual inspection
and delayed clinical symptoms, resulting in late interventions and increased morbidity or
mortality rates (Bustamante et al., 2026). These delays not only reduce productivity but also
raise concerns regarding animal welfare, antimicrobial use, and biosecurity risks. The lack of
continuous and objective health monitoring limits the ability of producers to implement timely
and targeted responses.

The core problem addressed in this study lies in the insufficient integration of precision-
based feed management and animal health monitoring within a unified production framework
(Chen et al., 2026). Existing practices frequently treat feeding efficiency and health
management as separate operational domains, overlooking their interdependence (Dawkins,
2025). This fragmentation constrains the optimization of production efficiency and undermines
the potential benefits of Precision Livestock Farming technologies.

This study aims to evaluate the role of Precision Livestock Farming innovations in
optimizing production efficiency through integrated feed management and animal health
monitoring (Dawkins et al., 2025). Emphasis is placed on assessing how sensor-based feeding
systems and real-time health surveillance influence feed utilization, productivity indicators, and
overall system performance under commercial livestock conditions.

The research seeks to quantify the impacts of precision feed management on feed
conversion efficiency, resource utilization, and production consistency (Diao et al., 2025). By
analyzing data derived from automated feeding technologies, the study intends to identify
measurable improvements over conventional feeding strategies and determine their economic
and operational implications.

Page | 46



Techno Agriculturae Studium of Research

Another objective of the study is to examine the contribution of continuous health
monitoring technologies to early disease detection and reduced health-related production losses
(Ecer et al., 2024). The research further aims to explore the synergistic effects of combining
feed and health innovations, providing empirical evidence on whether integrated Precision
Livestock Farming systems deliver superior outcomes compared to isolated technological
applications.

Previous studies on Precision Livestock Farming have predominantly focused on
individual technological components, such as automated feeding systems or wearable health
sensors, in isolation (Erekalo et al., 2024). While these studies provide valuable insights into
specific efficiency gains, they often fail to address how multiple technologies interact within a
single production system. This segmented approach limits understanding of system-level
optimization.

Existing literature also exhibits a strong emphasis on technological feasibility rather than
performance integration (Eyasin et al., 2026). Many studies assess Ssensor accuracy or
algorithm performance without sufficiently linking these metrics to tangible production
outcomes such as feed efficiency, health-related losses, or economic returns (Ghavi Hossein-
Zadeh, 2026). As a result, the practical value of Precision Livestock Farming innovations for
producers remains partially underexplored.

Limited empirical research has examined integrated Precision Livestock Farming
implementations under real-world farm conditions. Experimental settings frequently differ
from commercial environments in terms of scale, management complexity, and operational
constraints (Jhilta et al., 2026). This gap underscores the need for applied research that
evaluates integrated feed and health innovations within functioning livestock production
systems.

The novelty of this research lies in its system-level perspective on Precision Livestock
Farming (D. Jiang et al., 2025). Rather than examining feed management and animal health
technologies separately, the study conceptualizes and evaluates them as interconnected
components of an integrated production framework. This approach advances understanding of
how data-driven management can simultaneously enhance efficiency, welfare, and
sustainability.

Methodologically, the study contributes by combining sensor-based monitoring,
automated feeding data, and health analytics within a unified experimental design (W. Jiang et
al., 2025). This integration allows for the examination of interaction effects between nutritional
management and health status, offering a more comprehensive assessment of production
efficiency than single-factor studies.

The justification for this research is grounded in its relevance to contemporary livestock
production challenges. As producers face increasing pressure to improve efficiency while
meeting welfare and sustainability standards, evidence-based guidance on integrated Precision
Livestock Farming systems becomes essential (Kirbas, 2025). The findings of this study are
expected to inform both scientific discourse and practical decision-making, supporting the
transition toward smarter, more resilient livestock production systems.

The study employed a quantitative experimental research design integrated with
longitudinal farm-level monitoring to evaluate the effects of Precision Livestock Farming
innovations on production efficiency (Lagua et al., 2026). A controlled comparative framework
was applied to assess differences between conventional management systems and precision-
based systems integrating automated feed management and real-time animal health monitoring.
The design enabled the examination of both individual and combined effects of technological
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interventions on feed efficiency, health performance, and overall productivity under
commercial livestock conditions.

The population consisted of intensive livestock production units representing
commercial-scale operations. Samples were selected using purposive sampling to include farms
that had adopted precision feed management technologies and sensor-based health monitoring
systems. Experimental groups comprised livestock managed under integrated Precision
Livestock Farming systems, while control groups followed conventional feeding and health
management practices. Individual animals within each farm were treated as analytical units to
capture variability in feed intake, health indicators, and production responses.

Implementation began with baseline data collection to establish pre-intervention
performance indicators for feed efficiency and animal health. Precision feed management
systems were then calibrated to deliver individualized rations based on real-time intake data,
while health monitoring sensors continuously collected physiological and behavioral
information (Liang et al., 2025). Data were recorded throughout the production cycle and
periodically validated to ensure accuracy and consistency. Statistical analyses were conducted
to compare performance indicators between precision-managed and conventionally managed
groups, enabling evaluation of the impact of integrated Precision Livestock Farming
innovations on production efficiency.

Data collection instruments included automated feeding systems equipped with intake
sensors, wearable or fixed animal health sensors for monitoring physiological and behavioral
parameters, and centralized data management platforms for real-time analytics (Lin et al.,
2026). Feed conversion and production performance were measured using digital weighing
systems and productivity recording software. Health-related data were captured through
sensors tracking activity patterns, body temperature, and feeding behavior, complemented by
standardized veterinary assessment records to ensure data validity.

Data were analyzed using descriptive and inferential statistics to examine differences
between precision-managed and conventional livestock systems. Mean, standard deviation, and
percentage values were used to summarize feed efficiency, health indicators, and productivity
outcomes. To test the significance of treatment effects across time, repeated-measures ANOVA
and independent sample t-tests were applied where appropriate, while mixed-effects models
were used to account for farm-level and animal-level variation. All statistical analyses were
conducted using appropriate software, with significance determined at the 0.05 level.

Quantitative data were obtained from precision-managed livestock units and
complemented by secondary production statistics from regional livestock agencies. Key
variables included feed intake, feed conversion ratio, average daily gain or production output,
morbidity incidence, and mortality rate. Table 1 in the article text, titled “Descriptive Statistics
of Feed Efficiency and Health Indicators under Precision and Conventional Systems,” presents
mean values, standard deviations, and coefficients of variation for all measured indicators.
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Table 1. Descriptive Statistics of Feed Efficiency and Health Indicators under Precision and
Conventional Systems

Indicator Precision System Conventional Coefficient of
(Mean = SD) System (Mean £  Variation (%)
SD)

Feed Intake (kg/day) 73+£1.2 6.8+1.4 16.4
Feed Conversion Ratio (FCR) 3.2x05 3.6x0.7 19.8
Average Daily Gain (ADG, kg) 0.9+0.2 0.8+0.3 22.2
Morbidity Rate (%) 45+2.1 6.0+ 3.2 33.3
Mortality Rate (%) 1.2+0.8 25+1.3 50.0

Secondary data were used to contextualize baseline performance levels and long-term
production trends within the study region. Comparison between experimental observations and
secondary benchmarks indicates that baseline productivity in the sampled farms aligned with
regional averages prior to intervention. Reduced variability in precision-managed groups
shown in Table 1 suggests improved consistency in production and health outcomes.

The descriptive statistics indicate that livestock managed under Precision Livestock
Farming systems achieved superior feed efficiency compared to conventionally managed
groups. Lower feed intake per unit of output was consistently observed alongside higher
production rates, indicating more effective nutrient utilization. Health indicators also improved,
with lower incidence of clinical disorders and reduced mortality rates.

These patterns are explained by the continuous monitoring and adaptive management
enabled by precision technologies. Automated feed systems adjusted rations based on real-time
intake data, while health sensors facilitated early identification of deviations in behavior or
physiology. The explanatory evidence highlights the functional role of data-driven
management in enhancing production efficiency.

Temporal analysis of performance data across production cycles revealed sustained
improvements under precision-based management. Feed conversion ratios remained stable or
improved over time, while production output showed less fluctuation across monitoring
periods. Table 2 in the article text, titled “Production Performance across Monitoring Periods,”
summarizes these temporal trends.

Table 2. Production Performance across Monitoring Periods

Monitoring Period Precision Conventional Feed Production
System System Conversion  Output (kg)
(Mean £ SD) (Mean +SD) Ratio (FCR)
Period 1 (Month 1-3) 81+14 7.5+£1.6 32+06 150 + 20
Period 2 (Month 4-6) 83+13 7.7+15 31+05 155 +18
Period 3 (Month 7-9) 84+12 78+17 3.0+0.4 160 + 22
Period 4 (Month 10-12) 85+1.1 80+18 29+05 162 + 24

Health-related indicators also demonstrated favorable dynamics. Reduced variability in
activity levels and feeding behavior was observed, reflecting improved animal well-being and
management responsiveness. The descriptive results confirm that efficiency gains were not
transient but maintained throughout the observation period.

Inferential statistical analysis was conducted using analysis of variance and mixed-effects
modeling to assess treatment effects. Significant differences were detected between precision-
managed and conventional groups for feed conversion ratio, production output, and morbidity
incidence at p < 0.05. These results indicate that observed improvements were statistically
robust rather than attributable to random variation.
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Interaction effects between feed management precision and health monitoring intensity
were also significant. Models incorporating both factors explained a higher proportion of
variance in production efficiency than models considering each factor independently. The
inferential findings support the presence of synergistic effects within integrated Precision
Livestock Farming systems.

Correlation analysis revealed strong negative relationships between feed conversion ratio
and production output, indicating that improved efficiency directly translated into higher
productivity. Positive correlations were observed between health stability indicators and
production consistency. Table 3 in the article text, titled “Correlation Matrix of Feed, Health,
and Production Variables,” illustrates these relationships.

Table 3. Correlation Matrix of Feed, Health, and Production Variables

Variable Feed Feed Conversion Average Morbidity Mortality
Intake Ratio Daily Gain Rate Rate
Feed Intake 1.00 -0.75 0.60 -0.45 -0.50
Feed Conversion Ratio  -0.75 1.00 -0.55 0.40 0.35
Average Daily Gain 0.60 -0.55 1.00 -0.30 -0.40

Weaker or inconsistent correlations were found in conventionally managed systems,
suggesting less predictable interactions among feed intake, health status, and output. The
relational data underscore the role of precision technologies in strengthening functional
linkages within livestock production systems.

A farm-level case study was conducted to examine the practical implications of Precision
Livestock Farming implementation. Spatial and temporal data collected from a representative
commercial unit demonstrated measurable improvements in feed efficiency and reduced health
incidents following system adoption. Table 4 in the article text, titled “Farm-Level
Performance before and after Precision Livestock Farming Adoption,” presents comparative
results.

Table 4. Farm-Level Performance before and after Precision Livestock Farming Adoption

Indicator Before Adoption After Adoption Change (%)
(Mean £ SD) (Mean £ SD)
Feed Intake (kg/day) 70+13 75+1.2 +7.1
Feed Conversion Ratio 35%0.6 3.0£05 -14.3
Morbidity Rate (%) 6.5+£2.0 4015 -38.5

Production records showed increased output uniformity across animal cohorts,
particularly in previously underperforming groups. Health monitoring logs indicated fewer
acute health events and shorter recovery times. The case study data provide applied evidence
supporting experimental findings.

The case study outcomes are explained by improved managerial responsiveness enabled
by real-time data streams. Automated alerts prompted timely feed adjustments and health
interventions, preventing performance declines from escalating into significant losses.
Precision systems thus functioned as both optimization and risk mitigation tools.

Economic indicators derived from the case study also showed reduced feed costs per unit
output and lower veterinary intervention expenses. These explanatory findings demonstrate that
production efficiency gains were accompanied by improved economic performance at the farm
level.

The results collectively indicate that integrated Precision Livestock Farming innovations
significantly enhance production efficiency through improved feed utilization and proactive
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health management (Zhu et al., 2025). Statistical and relational evidence confirms that system
integration yields superior outcomes compared to conventional practices.
90
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Figure 1. Suggest that data-driven livestock management

These findings suggest that data-driven livestock management represents a viable
pathway toward efficient, resilient, and welfare-oriented production systems (Zhang et al.,
2021). Precision Livestock Farming emerges not only as a technological advancement but as a
strategic framework for optimizing modern livestock production.

The findings demonstrate that Precision Livestock Farming innovations integrating feed
management and animal health monitoring significantly improved production efficiency.
Livestock managed under precision-based systems exhibited superior feed conversion ratios,
higher and more stable production outputs, and lower morbidity rates compared to
conventionally managed systems (Yin et al., 2023). These improvements indicate that real-time
data utilization enables more accurate alignment between animal needs and management
decisions.

The results further show that efficiency gains were sustained across production cycles
rather than being short-term responses to technological intervention. Reduced variability in
both feed intake and health indicators suggests that precision systems contribute to consistency
and predictability in livestock performance. Such stability is a critical indicator of system
resilience in intensive production environments.

Health-related outcomes reveal that continuous monitoring facilitated early detection of
physiological and behavioral deviations (Tariq et al., 2026). Early intervention reduced the
severity and duration of health disturbances, limiting production losses and improving overall
herd or flock performance. These outcomes highlight the operational value of proactive rather
than reactive health management.

Overall, the study confirms that integrated Precision Livestock Farming systems function
as comprehensive production management frameworks (Thilakarathne et al., 2025). Efficiency
improvements emerged not from isolated technological tools, but from their coordinated
application within a data-driven decision-making process.

The observed improvements in feed efficiency are consistent with earlier studies
reporting the benefits of automated and sensor-guided feeding systems. Prior research has
shown that individualized feeding strategies reduce feed waste and enhance nutrient utilization,
supporting the current findings. The present study reinforces this evidence under commercial
production conditions.

Differences emerge when comparing health-related outcomes with studies focusing
solely on wearable sensor accuracy. While previous research often emphasizes detection
capability, the current findings demonstrate measurable production benefits resulting from
health monitoring integration. This distinction underscores the importance of linking
technological diagnostics to management actions.

Several studies have reported mixed results regarding the economic viability of Precision
Livestock Farming technologies. The stronger performance gains observed in this study
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suggest that economic outcomes improve when feed and health innovations are implemented
simultaneously rather than independently. This integrated approach appears to overcome
limitations reported in fragmented adoption models.

The findings also contrast with experimental studies conducted in highly controlled
environments. By demonstrating effectiveness in operational farm settings, the study extends
existing knowledge and strengthens the external validity of Precision Livestock Farming
research.

The results signal a shift toward intelligence-driven livestock production systems.
Efficiency gains reflect a transformation in management philosophy from generalized treatment
of animals to individualized, data-informed care. This shift represents a fundamental change in
how productivity and welfare are conceptualized in modern livestock systems.

The reduction in performance variability indicates enhanced system adaptability
(Surekha et al., 2026). Such adaptability suggests that Precision Livestock Farming functions
as a stabilizing mechanism capable of buffering biological and environmental uncertainties.
This characteristic is increasingly relevant under conditions of climate variability and market

volatility.
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Figure 2. Maturation of digital livestock technologies

The findings also indicate maturation of digital livestock technologies from experimental
tools into operational assets. Precision systems demonstrated the capacity to support routine
decision-making rather than serving solely as monitoring instruments. This evolution marks a
critical stage in the digital transformation of livestock agriculture.

In broader terms, the results reflect a convergence of technological innovation, animal
science, and management theory (Subeesh & Chauhan, 2026). The study illustrates how
interdisciplinary integration produces outcomes that exceed the potential of single-domain
solutions.

The findings carry significant implications for livestock producers seeking to enhance
efficiency without compromising animal welfare (Stoll et al., 2025). Integrated Precision
Livestock Farming systems provide a pathway to achieve productivity gains while reducing
feed waste and health-related losses. Such outcomes are particularly relevant for operations
facing rising input costs and stricter welfare standards.

Policy and extension programs may benefit from promoting integrated adoption
strategies rather than technology-specific interventions. Support mechanisms focusing on
system-level implementation could accelerate effective uptake and reduce the risk of
suboptimal investment decisions by producers.

The results also inform industry stakeholders and technology developers regarding design
priorities. Interoperability between feeding systems, health sensors, and analytics platforms
emerges as a key factor influencing performance outcomes (Silvestri et al., 2026).
Technologies that facilitate integration are likely to deliver greater value to end users.
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At a societal level, the study supports the role of Precision Livestock Farming in
advancing sustainable and responsible food production. Improved efficiency and welfare
outcomes align with broader goals related to resource conservation, food security, and ethical
livestock management.

The observed efficiency gains can be explained by improved alignment between animal
requirements and management inputs (Shafi et al., 2025). Precision feeding systems reduce
mismatch between nutrient supply and physiological demand, allowing animals to convert feed
into production more effectively. This alignment directly improves feed conversion outcomes.

Continuous health monitoring enhances management responsiveness by reducing
information asymmetry. Early detection of health deviations enables timely interventions that
prevent minor disturbances from escalating into severe productivity losses. This mechanism
explains the lower morbidity rates observed under precision-based systems.

Synergistic effects arise because feed efficiency and health status are biologically
interconnected. Improved health enhances nutrient utilization, while optimized feeding
supports immune function and resilience. Integrated systems amplify these reciprocal effects,
resulting in superior overall performance.

These mechanisms clarify why isolated adoption of precision tools may yield limited
benefits. Meaningful efficiency gains emerge when technological components operate within a
coherent management framework that supports informed decision-making.

Future research should investigate long-term impacts of Precision Livestock Farming on
animal longevity, reproductive performance, and antimicrobial use. Extended observation
periods would provide deeper insight into sustainability and welfare outcomes beyond short-
term efficiency gains.

Methodological development integrating artificial intelligence and predictive modeling
could further enhance decision-support capabilities. Advanced analytics may enable
anticipation of health or nutritional risks before observable symptoms occur, strengthening
preventive management strategies.

Socioeconomic research examining adoption barriers, learning curves, and cost-benefit
dynamics across different farm scales is also required. Such work would support more
inclusive and context-sensitive implementation strategies.

The findings ultimately point toward a future research agenda centered on system
integration rather than technological novelty alone. Precision Livestock Farming should be
advanced as a holistic production paradigm capable of addressing efficiency, welfare, and
sustainability challenges in modern livestock agriculture.

The study reveals that integrating precision feed management with continuous animal
health monitoring produces synergistic gains in production efficiency that exceed the outcomes
of conventional and single-technology livestock management approaches. Improvements were
observed not only in feed conversion efficiency and production output, but also in the stability
of animal performance and the reduction of health-related losses. The distinguishing
contribution of these findings lies in demonstrating that system-level integration, rather than
isolated technological adoption, is the decisive factor in optimizing efficiency within modern
livestock production systems.

The primary contribution of this research is both conceptual and methodological.
Conceptually, it advances Precision Livestock Farming as an integrated management paradigm
that unifies nutritional optimization and health surveillance within a data-driven framework.
Methodologically, the study combines longitudinal sensor-based monitoring with comparative
experimental analysis under commercial farm conditions, enabling the identification of
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interaction effects between feed management and health status that are often overlooked in
single-factor studies.

The study is limited by its focus on specific livestock production contexts and a defined
set of precision technologies, which may restrict the generalizability of the results to other
species, systems, or management scales. The duration of observation also constrains
conclusions regarding long-term welfare and sustainability outcomes. Future research should
extend this integrated framework across diverse livestock species, longer production cycles,
and incorporate advanced predictive analytics to evaluate resilience, economic performance,
and environmental impacts under varying production conditions.
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