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Using data from sensors and other
technologies to enhance dairy cattle
breeding programs

By Luiz Brito
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The Role of Genetics in Dairy Production

Source: CDCB, 2025 (https://uscdcb.com/impact/))

 More milk with fewer cows: > efficiency

 Permanent and cumulative improvements

 Better management and environmental

conditions needed for full expression of

genetic merit
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(Undesirable) Correlated Responses

Source: CDCB, 2025 (https://uscdcb.com/impact/)) What is happening with traits that are 
not currently being measured?
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More Balanced (Sustainable) Breeding Goals
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Sensors and Other Technologies
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Sensors and Other Technologies
 Improve the quality of life of dairy farmers (Tse et al., 2017; Hogan et al., 2022)

 Enhance labor output and labor cost over time (Liu et al., 2023)

 Increase reproduction efficiency and on-farm management (Reith and Hoy, 2018)

 Contribute to improving animal health, welfare, and productive efficiency (Dawkins, 2021; 

Simitzis et al., 2021)

 Generate high-frequency, objective, and large-scale phenotypes, which are essential 

for breeding purposes (Brito et al., 2020; 2025)
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Challenges More Related to Breeding Purposes
 PLF market fragmentation and inconsistency: multiple devices and brands with

different algorithms for the same trait (e.g., activity, rumination): inconsistent outcomes

 Limited robustness of sensors: they may perform differently depending on life stage,

physiological status, farm system, or environmental conditions

 Lack of transparency, supporting information, and metadata: insufficient background

information on data generation procedures (e.g., variable definitions, units, resolution,

and frequency of records) and software/algorithm updates

 Heterogeneous recording: data may be provided at different resolutions (e.g., hourly

vs. daily summaries; average versus sum)
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ICAR-IDF Sensor Initiative
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Data Integration
 Most data remain farm-specific “silos” and are underutilized in genetic

evaluations

 Collaborations between farmers, DHIA, breeding organizations, and
manufactures establishment of data exchange pipelines

 Examples of data integration initiatives: PASDE (Purdue Univ.; Boerman et al., 2025),
DairyBrain (Cabrera et al., 2020), D4Dairy (Egger-Danner et al., 2022), Nordic Cattle
Database, Gigacow (Klingström et al., 2022), International Dairy Data Exchange Network
(IDDEN), and other companies (e.g., Iyotah, Vyla, Dairy Data Warehouse, Join-Data, Dairy
Performance Network, AgriGates, Connecterra, etc.)
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Purdue Animal Sciences Research Data Ecosystem (PASDE)
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Data Cleaning and Quality Assurance
 Essential for accuracy, reliability, and comparability of phenotypes

 Schodl et al. (2024) proposed a 5-step framework:

• Validate the data merging process (e.g., non-unique device IDs, animal ID–device alignment,

time zones)

• Understand the data (e.g., type/units, raw vs. processed, comprehensive data visualization)

• Check data completeness: define strategies to handle missing and duplicate records

• Address technology-related noise (e.g., calibration issues, software updates)

• Detect outliers and verify plausibility (biological ranges, ±3 SD)



21-1-2026 13

Deriving Novel Traits: Some Key Points
 Criteria for inclusion in breeding programs: heritable and repeatable; capture biological

relevance or be genetically correlated with breeding goal traits; routinely measured,

standardized, and available at large-scale and low cost

 Detailed documentation and metadata on the recording methods and variables of interest

 Proper data merging/integration, editing, and quality assurance

 Extra care needed when merging “similar” variables from different sensors: check ranges,

mean, and variance; genetic correlation between variables, animal re-ranking, etc.

 Statistical model development also requires data from potential systematic/fixed effects

 Genetic and genomic analyses of derived traits (as usual)
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Great Opportunity for Breeding More Resilient Animals
 Resilience: “individual capacity to be minimally affected by environmental disturbances

or to rapidly bounce back to the previously undisturbed states” (Colditz et al., 2016;

Berghof et al., 2019)

 In terms of animal welfare: more resilient animals will have a less negative experience

during the environmental disturbance

Source: Taghipoor et al. (2023)
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Great Opportunity for Breeding More Resilient Animals
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Sensor-based Health Traits

All tables included in Brito et al. (2025): 
https://doi.org/10.3168/jds.2025-26554
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Sensor-based Behavioral Traits

All tables included in Brito et al. (2025): 
https://doi.org/10.3168/jds.2025-26554
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Sensor-based Activity Traits

Large variability on the definitions of

activity variables, algorithms used, data

editing, sensor attachment place, etc.

All tables included in Brito et al. (2025): 
https://doi.org/10.3168/jds.2025-26554
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Rumination Traits

ICAR-IDF Sensor Initiative 

currently working on guidelines 

for rumination data to be 

efficiently used for breeding and 

management purposes

All tables included in Brito et al. (2025): 
https://doi.org/10.3168/jds.2025-26554
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Sensor-based Fertility Traits
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Feed Intake, Feeding Behavior, and Feed Efficiency

All tables included in Brito et al. (2025): 
https://doi.org/10.3168/jds.2025-26554
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Feed Intake, Feeding Behavior, and Feed Efficiency

Source: Viking Genetics, 2025
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New Calf Traits
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Greenhouse Gas Emissions

All tables included in Brito et al. (2025): 
https://doi.org/10.3168/jds.2025-26554
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Body Weight and Udder Conformation

All tables included in Brito et al. (2025): 
https://doi.org/10.3168/jds.2025-26554
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AMS-based Udder Conformation

Rear teat 
distance

Front teat 
distance

Distance 
front-rear

Udder 
balanceUdder depthTrait

-0.27 (0.04)-0.31 (0.03)-0.47 (0.03)0.11 (0.04)0.70(0.01)Udder depth

-0.11 (0.05)-0.20 (0.04)0.12 (0.04)0.41(0.02)0.09 (0.02)Udder balance

0.10 (0.04)0.32 (0.03)0.65(0.02)0.11 (0.02)-0.40 (0.02)Distance front-rear

0.54 (0.03)0.53(0.02)0.33 (0.02)-0.15 (0.02)-0.28 (0.02)Front teat distance

0.40(0.02)0.61 (0.01)0.15 (0.02)-0.19 (0.02)-0.22 (0.02)Rear teat distance
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Milking Efficiency and Milk-related Traits

All tables included in Brito et al. (2025): 
https://doi.org/10.3168/jds.2025-26554

An example 
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Data Access, Ownership, Storage, and Infrastructure
 National genetic evaluations: robust and scalable infrastructure capable of handling

large and multidimensional datasets (Wangen et al., 2021)

 Definition of the variables and data that should be stored for long-term usage to

ensure consistency, relevance, and efficiency in genetic evaluations

 Challenges: data integrity, security, and accessibility while maintaining computational

efficiency for real-time or near-real-time analyses

 High-throughput storage solutions: distributed databases and cloud-based platforms
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Data Access, Ownership, Storage, and Infrastructure
 Standardized data formats are necessary: ICAR plays a major role on this regard

 Regulatory considerations: data access and portability rights, data access

modalities, data storage (format, resolution), robust data security, and ethical

considerations

 Various regulatory frameworks: General Data Protection Regulation, Data Act, Data

Governance Act

 Transparent policies as well as clear and fair data sharing agreements are needed

to ensure optimal use and equitable value distribution among all stakeholders
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Roadmap for Implementation: Points to Consider
 Dairy farmers may seek to monetize their data: agreements with research organizations,

national genetic evaluation centers, or even selling their data to private dairy breeding
companies

 Develop centralized and producer-owned databases

 Automate data cleaning, processing, and integration pipelines, including through AI tools

 Regularly re-estimate variance components as datasets expand and data sources are added

 Continue refining selection indexes by incorporating sensor-derived sustainability traits

 Continued training of the next generation of professionals (throughout the whole dairy
chain)
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Conclusions
 Sensor technologies provide powerful opportunities to improve health, welfare,

efficiency, and overall sustainability of dairy cattle breeding programs

 Success depends on:

• Fair data governance and sharing agreements across stakeholders

• Integration, standardization, and harmonization of datasets

• Robust data cleaning, validation, and quality control

• Centralized platforms and collaborations among key stakeholders at the

(inter)national level
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Thank
You!

E-mail: britol@purdue.edu


