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Abstract 
 
The rapid advancement of Artificial Intelligence (AI) is transforming health management practices across various 
industries, including dairy production. This paper examines how AI-driven tools and technologies can improve animal 
health monitoring, disease prevention, and overall production efficiency. Specifically, it proposes the development and 
use of a database derived from the Official Milk Production Control system, updated at 28-day intervals, to collect and 
analyze key health and production data from dairy cows. The system would use AI algorithms to analyze data patterns 
such as changes in milk production levels, variations in milk composition (e.g., fat, protein, and fat-to-protein ratio), 
somatic cell count (SCC), and milk conductivity trends. It would also consider factors like days in milk (DIM) and the 
lactation curve to provide a comprehensive health assessment. By correlating these parameters, the system could detect 
early warning signs of diseases—such as mastitis—and generate accurate predictions of potential health risks. Diagnostic 
reports, trend analyses, and prognoses could then be automatically compiled into easy-to-interpret graphs and summaries, 
which would be sent to veterinarians, farm managers, and owners for timely intervention. In addition, the paper explores 
critical challenges associated with implementing AI in production medicine, including ensuring data accuracy, addressing 
ethical considerations around data usage, and providing adequate training for farmers to effectively utilize these 
technologies. Through real-world examples from dairy farming operations, this study highlights AI's potential to 
revolutionize livestock health management while emphasizing the practical and ethical considerations necessary for 
successful adoption.  
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Introduction. Modern dairy production 

operates in an increasingly complex environment, 
where the optimization of animal health and 
productivity is challenged by factors such as herd 
size expansion, environmental variability, and 
rising demands for sustainable and ethical farming 
practices. Among the key health concerns affecting 
dairy herds, mastitis remains one of the most 
prevalent and economically significant diseases, 
directly influencing milk yield, quality, and animal 
welfare (Bhat and Infascelli, 2025). Effective 
prevention and early detection of such conditions 
require continuous monitoring and analysis of large 
volumes of biological and production data—tasks 
that have traditionally relied on manual 
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interpretation and human expertise (Alrhmoun et 
al., 2025). 

In this context, the adoption of digital 
technologies and Artificial Intelligence (AI) in herd 
health management has emerged as a transformative 
solution to improve both farm performance and 
animal welfare (Mahato and Neethirajan, 2024). AI-
driven systems possess the capacity to process 
complex datasets derived from automated milking 
systems, sensors, and the Official Milk Production 
Recording Program, identifying subtle patterns and 
deviations that may indicate early signs of disease. 
By integrating data on parameters such as milk 
yield, composition (fat, protein, and fat-to-protein 
ratio), somatic cell count (SCC), milk conductivity, 
and days in milk (DIM), AI-based models can 
generate accurate and timely predictions of health 
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risks, thereby facilitating evidence-based decision-
making (Rosati, 2025). 

Beyond on-farm applications, AI-powered e-
extension platforms play a crucial role in bridging 
the gap between research, education, and practice. 
While teaching and research are recognized as the 
traditional missions of universities, the third 
mission - extension and knowledge dissemination - 
is equally vital for translating scientific discoveries 
into practical solutions. Integrating AI into digital e-
extension systems not only enhances the 
accessibility and relevance of herd health 
knowledge but also enables personalized 
recommendations for farmers, veterinarians, and 
farm managers based on real-time data analysis 
(Atapatakar and Vasanthi, 2025; Kpodo and 
Nejadhashemi, 2025). 

This study explores the potential of AI-driven 
e-extension systems in herd health management, 
with a particular focus on somatic cell count (SCC) 
analysis as a key indicator of udder health and 
mastitis risk. Through illustrative case studies, it 
demonstrates how AI and its subsidiary 
technologies can transform raw individual and herd-
level data into actionable insights that support 
disease prevention, improve production efficiency, 
and contribute to the long-term sustainability of 
dairy farming. Ultimately, the integration of AI into 
production medicine represents both a challenge 
and an opportunity—a pathway toward developing 
intelligent, adaptive, and ethically responsible 
health management systems that can redefine the 
future of dairy production. 

 

 
 

MATERIAL AND METHOD 
 

Study Design and Scope. This study was 
designed as a retrospective, pilot 
implementation of an Artificial Intelligence (AI)-
driven system aimed at improving e-extension 
services in dairy herd health management. The 
research was conducted on a Extension unit of 
university-affiliated partner dairy farm housing 235 
lactating cows. The case studies focused on 
monitoring udder health through the analysis of 
somatic cell count (SCC), a key indicator of mastitis 
and overall udder health status. 

Data collection followed the standards and 
guidelines of the International Committee for Animal 
Recording (ICAR), employing the Test Interval 
Method as described by Liu et al. (2000). The 
recorded parameters included milk composition 
traits—fat percentage, protein percentage, somatic 
cell count (SCC), and milk electrical conductivity—
which were systematically measured and entered 
into the database. In addition, animal-level variables 
such as individual identification number, lactation 
stage, and parity were recorded for each cow. 

Sampling was conducted at two time points, 
with repeated measurements obtained at 28-day 
intervals through multiple data uploads. This 
sampling strategy allowed for both individual and 
herd-level longitudinal monitoring, enabling the 
identification of temporal variations and trends. The 
collected datasets were subsequently integrated 
into AI-driven analytical models, supporting the 
development of predictive tools for early disease 
detection and proactive health management within 
the e-extension framework. 

The somatic cell count (SCC) was used as 
the principal indicator of herd health, reflecting 
udder condition and the presence or severity of 
mastitis in dairy cows. According to established 
veterinary guidelines, SCC values were classified 

into five diagnostic categories (Schukken et al., 
2003; More et al., 2013; Cobirka et al., 2020): 
• <100,000 cells/mL: Healthy udder, no mastitic 

infection. 
• 100,000–199,000 cells/mL: Possible minor or 

transient infection, limited clinical relevance. 
• 200,000–399,000 cells/mL: Subclinical mastitis 

likely, infection present without visible symptoms. 
• 400,000–799,000 cells/mL: Indicative of 

infection with potential or developing clinical 
symptoms. 
• >800,000 cells/mL: Clinical mastitis requiring 

immediate veterinary intervention. 
This classification enabled differentiation 

between healthy animals, subclinical cases, and 
clinically affected cows, facilitating early detection 
and targeted management. For analytical purposes, 
SCC data were subjected to logarithmic 
transformation using the formula: 

 
Linear Score = log2(SCC/100,000) + 3 
 
Values with a linear score below 4 were 

considered normal, while scores ≥ 4 indicated 
potential inflammation. Elevated scores were 
interpreted as markers of increased susceptibility to 
subclinical mastitis or potential deficiencies in 
milking parlor management. 

 
AI-Assisted Analysis Development. 

Statistical and analytical methods—including 
logistic regression for risk factor identification, 
classification algorithms for mastitis status 
categorization, and longitudinal transition analysis -
were implemented in the R programming 
environment. Claude AI was used to assist in code 
development and optimization, while ChatGPT 
(https://openai.com/chatgpt) provided guidance on 
statistical analysis and data visualization within R. 

 
 

https://www.icar.org/
https://www.icar.org/
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Software and Computational Tools. All 
statistical analyses were performed in R version 
4.3.0 (R Core Team, 2023) using the RStudio 
integrated development environment (Version 
2023.06.1, Posit Software, PBC). The analytical 
workflow was optimized and validated with 
assistance from Claude AI (Anthropic, 2024), an 
artificial intelligence tool for code refinement. 

R Packages and Workflow. Data import and 
processing were conducted using readxl v1.4.3 
(Wickham and Bryan, 2023) for Excel input, and the 
tidyverse v2.0.0 ecosystem (Wickham et al., 
2019)—specifically dplyr v1.1.3 and tidyr v1.3.0 
(Wickham et al., 2023)—for data cleaning and 
transformation. Visualizations were generated with 
ggplot2 v3.4.3 (Wickham, 2016), arranged using 
gridExtra v2.3 (Auguie, 2017), and exported to 
Excel via openxlsx v4.2.5 (Schauberger and 
Walker, 2023). Correlation matrices were visualized 
using reshape2 v1.4.4 (Wickham, 2007). 

 
RESULTS AND DISCUSSIONS  

 
The mastitis screening included 235 dairy 

cows monitored across two controls, generating 470 
total observations. Transformation of SCC data 
revealed substantial variability, with mean SCC 
increasing from 529 cells/mL at Control 1 to 573 
cells/mL at Control 2 (8.3% increase). 

The overall prevalence of positive mastitis 
screening (SCC ≥200,000 cells/mL) decreased from 
44.7% at Control 1 to 44.3% at Control 2. 
Distribution across categories showed concerning 
patterns, with probably clinical mastitis (>400,000 
cells/mL) affecting 26.0% and 30.2% of the herd at 
Controls 1 and 2, respectively (table 1). 

Considering the incidence and positive 
mastitis screening dynamic the analysis of transition 
patterns between controls revealed four distinct 
categories (figure 1). Of 152 initially healthy cows, 
25 (16.4%) developed new infections. Among 94 
initially infected cows, only 18 (19.1%) recovered, 
while 76 (80.9%) remained chronically infected. 
Somatic Cell Score (SCS) distributions exhibited a 

bimodal pattern at both controls (figure 2), with 
peaks representing healthy and infected 
populations. A shift toward higher scores at Control 
2 indicates a decline in udder health across the herd 
over 28 days. 

A high prevalence of cows with SCC 
≥200,000 cells/mL, and particularly those with 
chronic infections (>400,000 cells/mL), highlights 
the substantial mastitis burden in the studied herd. 
Longitudinal analysis revealed that only a small 
proportion of infected cows recovered between 
successive controls, suggesting gaps in veterinary 
intervention or the lack of standardized 
management protocols. Integrating these data into 
digital herd health platforms can facilitate early 
detection, timely treatment, and preventive 
strategies, thereby enhancing both economic 
performance and animal welfare (Busanello M., et 
al., 2017; Schwarz D., et al., 2020). 

 

 
Figure 1: Distribution of mastitis status transitions 

over 28 days. 
 

Histograms showing the number and percentage of cows 
in each transition category: Stayed healthy (n=100, 
42.6%), Chronic infection (n=74, 31.5%), New infection 
(n=30, 12.8%), and Recovered (n=31, 13.2%). Colors 
indicate health status with green for healthy, orange for 
new infections, light blue for recovered, and red for 
chronic infections.  

The information provided by the Official 
Milk Production Recording Program can effectively 
indicate the source and nature of mastitis-related 

 
 

Table 1 
 

Distribution of positive mastitis screening status across two successive controls  
 

Class of SCC Control 1 Control 2 
(n) (%) (n) (%) 

Healthy (<100k) 81 34.5 79 33.6 
Borderline (100-200k) 49 20.9 52 22.1 
Subclinical (200-400k) 44 18.7 33 14 
Clinical (>400k) 61 26 71 30.2 
Total probably infected (≥200k) 105 44.7 104 44.2 
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problems—whether they are primarily individual-
animal issues or reflect a broader herd-level health 
concern. According to the decision framework 
described in the diagram, the Somatic Cell Linear 
Score (SCLS) offers an initial overview of the 
farm’s overall udder health status. 

 
 

 

 
 

Figure 2: Somatic Cell Score distribution at both 
controls. 

Histogram showing overlapping distributions for Control 1 
(blue) and Control 2 (dark blue), with vertical dashed lines 
indicating health thresholds: green (<2, healthy), orange 
(2-4, alert), and red (>4, infected). The substantial 
proportion of observations exceeding the infection 
threshold demonstrates the high mastitis burden.  

 
 

 
Figure 3: Logarithmic distribution of Somatic Cell 

Count and risk categories.  
 

At population level the average of SCLS ≥4 
suggests herd health problem. At individual level, a 
high linear score (≥4) suggests potential 
inflammation or subclinical mastitis, prompting 
further investigation through California Mastitis 
Test (CMT), bacteriological analysis, and 
evaluation of udder hygiene, teat cleanliness, and 

sphincter condition. Detection carried out by the 
farmer, complemented by clinical diagnosis 
performed in collaboration with a veterinarian or 
diagnostic laboratory, enables accurate 
identification of the causative pathogen and the 
selection of appropriate treatment protocols. 
Conversely, lower scores (<4) generally indicate 
normal udder health and effective management 
practices.  

Emerging Artificial Intelligence (AI) tools—
such as ChatGPT (OpenAI), Claude AI (Anthropic), 
and Google Gemini—can further support this 
process by automatically generating and optimizing 
code for data filtering, cluster identification, and 
case selection. These tools can efficiently identify 
animals requiring sampling or diagnostic 
confirmation, significantly reducing the time and 
cost associated with the analytical phase of herd 
health monitoring. 

From an intelligent farming perspective 
(Bradley et al., 2012), enhancing the milk 
conductivity model—by integrating supplementary 
data from multiple sources such as sensor systems 
(e.g., cow movement, feed intake), milking 
equipment (e.g., milk temperature, conductivity), 
and genomic information (Ilie et al., 2021)—can 
significantly improve diagnostic accuracy and 
enable the early detection of mastitis. The 
incorporation of Artificial Intelligence (AI), 
machine learning algorithms (Dharejo et al., 2025), 
and predictive analytics further strengthens this 
approach by identifying subtle physiological and 
behavioral deviations that may precede clinical 
symptoms. Through early recognition of animals 
requiring veterinary intervention, such intelligent 
systems optimize resource allocation, reduce 
treatment delays, and support data-driven 
preventive management at both the individual and 
herd level (Sguizzato et al., 2024). 

From an extension service perspective, which 
emphasizes practical application rather than 
academic analysis, the primary focus is on 
managing groups of cows susceptible to subclinical 
mastitis. Timely alerts and targeted interventions 
within these groups can enhance farm efficiency 
and profitability. Additionally, applying a 
logarithmic transformation to somatic cell count 
data allows for the detection of individual cases of 
mastitis, which can be distinguished from “milking 
parlor mastitis” that arises from broader issues such 
as milking routines, housing conditions, or hygiene 
practices (Tommasoni et al., 2023). 
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Logical Framework for Somatic Cell Count (SCC) Monitoring in the Animal Production Mobile 
Laboratory (TM07 UEX) 

Based on the Individual Recordings and Standard Diagnostic Methods 

1. Somatic Cell Linear Score (farm level averages): 
 Average Linear Score ≥ 4:  

1.1.For individual animals the score indicates potential inflammation or subclinical mastitis and 
have to be follow by performing CMT on all quarters for detection: 

 CMT positive on a quarter: collect a milk sample for bacteriological analysis. 
1.2.At the farm level  -  The score indicates a low, moderate, high, or very high risk and must be 
followed by evaluations of udder hygiene, teat hygiene, and sphincter condition scores (see 
paragraphs 4.2.1–4.2.3). 

 Average Linear Score < 4: Considered normal; continue routine monitoring. 
1.3. For individual animals: follow the 1.1. for all animals with Linear score ≥ 4 in order to detect 
individual infections. 
1.4.At the farm level bonus for 4.2.1-4.2.3 
 

2. Somatic Cell Count Trend 
2.1.For individual animals:  

 If increase  - 3.2 
 If decrease – monitoring for next test day value 

1.2.At the farm level 
 If increase  - pressure on 4.2, research on 4.2.4 
 If decrease – bonus for each: cleaning udder and teats (4.2.2), milking rutine and 

equipment (4.2.3) and management of free stalls (4.2.1) 
 
3. Somatic Cell Count – CMT and microbiological examination for bacterial identification (B), 
typing, and antibiotic susceptibility testing (A) 

3.1. De Laval counting or CMT negative – check the quality of CMT’s solution 
3.2. De Laval or CMT positive on a quarter: collect a milk sample for bacteriological analysis. 

 3.2.1. If pathogen identified: 
Microbiology exam for germ isolation and characterization  
Antibiotic susceptibility testing (Hutu et al., 2024)-  

 3.2.2. If no pathogen isolated: continue monitoring SCC trends and hygiene. 
 
4. Treatment (individual) and risk factor control (population approach).  

4.1.For individual animals:  
In according with antibiotic susceptibility testing (A). 
Pathogen resistant or chronic: consider isolation or culling/reform (R). 
4.2.At the farm level 

4.2.1. Evaluate udder hygiene (udder cleanliness score),  
4.2.2. Evaluate teat hygiene (teat end cleanliness score), 
4.2.3. Evaluate teat’s sphincter tone  (Hutu, 2024) 
4.2.4. Analysis of technological risk factors and techno-prophylactic control of risk factors 
associated with SCC (Hutu, 2004) 
 

5. Decision Flow Summary: 
I) Check Linear SCC Score → ≥4 triggers closer inspection. 
II) Monitor SCC trends longitudinally → rising trend may indicate new or unresolved infection. 
III) Perform CMT on suspicious quarters → positive → culture and antibiotic plan. 
IV) Evaluate Hygiene and Sphincter Scores → identify risk factors. 
V) Integrate all indicators to guide intervention: treatment, isolation and preventive management. 
VI) Consider isolating or culling (R) cows from herds with a high prevalence of antimicrobial resistance (AMR) 

genes, including Multiple Antibiotic Resistance (MAR) or Multidrug Resistance (MDR). 
VII) Conduct genomic analyses to identify and monitor genetic markers associated with bacterial resistance and 

penetrance of AMR genes (Lungu et al., 2023, Hutu et al., 2024) 
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Evidence-based herd health interventions 
rely on data-driven, proactive strategies that 
prioritize prevention over treatment. These 
strategies integrate key aspects of dairy 
management, including production, biosecurity, 
nutrition, vaccination, environmental management, 
record-keeping, and strategic veterinary advisory, 
all aimed at improving performance, health, and 
animal welfare (Cabrera et al., 2025). E-extension 
platforms should deliver researchers’ knowledge 
directly to farmers, effectively bridging the gap 
between scientific findings and on-farm practice. 
Simple tools, such as uploading Excel files from 
official milk controls, can provide real-time 
information. Expanding this approach, automated 
data collection directly from milk laboratories into 
regional or national databases—also used for 
breeding programs, population medicine, and herd 
health, can generate reports at the population, farm, 
or individual animal level. Digital extension 
platforms translate complex data into practical, 
actionable recommendations, providing real-time 
alerts and decision-support tools for farmers and 
veterinarians. Additionally, these platforms can host 
educational modules that guide stakeholders in 
interpreting results and implementing corrective 
measures effectively (Marwa et al., 2020; de 
Oliveira et al., 2024). 

 
CONCLUSIONS 

 
Integrating data from the Official Milk 

Production Recording Program provides a strong 
foundation for mastitis management at both 
individual and herd levels. The Somatic Cell Linear 
Score (SCLS) offers early insight into udder health, 
with herd averages ≥4 indicating collective 
concerns and high individual scores signaling cows 
needing targeted intervention. 

Combining traditional diagnostics—like the 
California Mastitis Test (CMT) and bacteriology—
with AI-driven tools (e.g., ChatGPT, Claude AI, 
Google Gemini) enhances accuracy, speeds data 
processing, and supports case prioritization, 
reducing costs and improving decision-making. 

Intelligent farming leverages diverse 
datasets—milk conductivity, sensor readings, 
milking equipment data, and genomics—within 
machine learning frameworks to detect mastitis and 
metabolic disorders before clinical signs appear, 
enabling preventive, resource-optimized herd health 
management. 

 

Extension services should focus on group-
level management of subclinical mastitis. Digital e-
extension platforms translate complex data into 
actionable recommendations, provide real-time 
alerts, and offer educational support, bridging 
research and field practice while fostering 
proactive, data-driven herd health. 

Together, AI, integrated data, and e-
extension systems advance sustainable, efficient, 
and welfare-focused dairy production, where 
prevention, precision, and knowledge transfer 
define modern herd management. 
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