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Innovative integration of phenomics, genomics, and machine lerning into dairy cattle breeding in Croatia
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In response to emerging challenges in animal breeding, we have launched a project to introduce cutting-edge 
technologies into dairy cattle breeding in Croatia. Our approach integrates the latest advancements in phenomics 
and genomics to explore innovative methodologies that could be routinely applied in dairy breeding programs. 
A key component of this project is low-pass whole genome sequencing (lpWGS) performed on milk samples. 
Beyond providing genomic SNP data, this approach enables the retrieval of complete mitogenomes, insights into 
milk microbiota composition (e.g., mastitis pathogen detection), and the estimation of mtDNA copy number, a 
potential novel phenotype associated with milk production and health. We also apply machine learning techniques 
to analyze large-scale FTIR spectral data, focusing on milk coagulation traits and key milk components. This ap-
proach offers a robust model for managing big data with direct applications in dairy breeding and cheese produc-
tion. While the project has a strong applied focus on integrating novel breeding tools into Croatian dairy farming, 
we also investigate underexplored inheritance mechanisms, particularly the influence of sex chromosomes and 
mito-nuclear interactions on quantitative traits.The PhenoGeno-IP-2022-10-6914 project (https://angen.agr.hr/en/
group/112/PhenoGeno) is funded by the Croatian Science Foundation.
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How do we measure welfare? Indicators, proxies and gold standards
C. Dwyer1
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Animal welfare is what the animal experiences and spans very negative to very positive emotional states. Welfare 
is influenced by nutrition, the environment, health and the behavioural interactions that an animal may have, 
integrated through the impacts that these have on the mental state of the animal. Whilst we can often readily 
measure and describe the conditions under which the animal is kept, and even the physical state of the animal 
within these conditions, these are not sufficient to tells us what the animal is experiencing. The Gold Standard 
for animal welfare, therefore, would be a measure that tells us something about the mental state of the animal. 
Most scientists believe that this is not, currently, a directly measurable entity, and thus welfare assessment relies 
on a series of measurable outputs, or indicators, that serve as proxy indicators for welfare state. In these cases, 
we infer the mental state and welfare of the animal from the measure. For example, an animal may be inferred to 
be experiencing pain, and hence poor welfare, if we see changes in physiology, EEG, posture, facial expression, 
etc that appear after a potentially pain inducing stimulus and disappear after provision of effective analgesia. 
Similarly, we might infer a positive mental state in an animal that is relaxed and engaging actively with the en-
vironment and/or in an affiliative way with conspecifics. We cannot know for certain that this is what the animal 
feels, but we consider based on the evidence that this is the most likely outcome. Many of these measures rely on 
assessment of behaviour, as the most useful and sensitive proxy for the animal’s mental state. These may rely on 
assessing ongoing changes in response, such as facial expression, circadian rhythms or Qualitative Behavioural 
Assessment, or complex patterns of behaviour, such as preferences, motivational priorities, or perceptions, which 
allow deeper views into what is the likely mental state of the animal. Many of these measures are time consuming 
and challenging to assess, but some may be amenable to use of sensors or automated methods. These require an 
understanding of what is being measured and how this relates to the animal’s mental state. This presentation will 
discuss what is currently feasible and options for future developments.
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