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Summary 

Milk quality is critical not only for ensuring consumer safety and satisfaction but also for maintaining the economic viability of 

dairy production and processing. High-quality milk contributes to longer shelf life, better taste, and greater efficiency in 

producing dairy products like cheese and butter. Being able to accurately monitor milk quality at different points along the 

production chain—from the farm to the processor—facilitates early detection of issues, improved herd management, and 

more informed decision-making throughout the supply chain.

While milk quality can be determined using traditional wet-lab approaches, these are generally costly, slow and destructive to 

the sample. Predicting milk traits from mid-infrared spectra of milk samples has proved to be an accurate and popular 

alternative especially since mid-infrared data are available on all milk samples taken during routine cow milk recording and 

bulk tank sampling. Nonetheless, there is inherent uncertainty in the predictions due to natural variability in the spectral data.  

The current statistical approaches to predictions adopted for predicting milk quality from milk mid-infrared data simply provide 

predictions, with no consideration of the uncertainty of those predictions. Ignoring this uncertainty can lead to poor decisions. 

This case study involved the creation of an innovative statistical method, 

Bayesian probabilistic least squares (BPLS) regression, with the primary 

aim of generating uncertainty intervals around predictions of milk quality 

traits. A theoretical framework was developed and applied to two multi-

dimensional datasets derived from milk samples. The method 

demonstrated comparable accuracy to existing prediction approaches, with 

the added benefit of generating uncertainty intervals around the 

predictions. Providing such uncertainty estimates supports more informed 

and reliable management decisions— this is especially critical in contexts 

where poor choices can have serious health or financial consequences. 

The impact of this research is:

• A reduction of 8.9% in the error when predicting heat stability of milk.

• The provision of richer information for stakeholders in dairy production 

by providing predictions, and their associated uncertainty. 

• The provision of an open-source, freely available software called bplsr 

to facilitate use of the method by stakeholders. 

• The software has been downloaded >2680 times from 86 different 

countries since its release in November 2024.

One of the most commonly used methods for predicting milk traits from 

spectral data is called partial least squares (PLS) regression. It helps make 

sense of very detailed data—like hundreds of measurements from each 

milk sample—by summarising it in a few key patterns, known as latent 

variables. These patterns are then used to predict qualities like milk fat or 

heat stability using spectral data from new milk samples. However, the 

traditional PLS method only gives a single best prediction of a milk trait and 

ignores the fact that there is inherent uncertainty in that prediction.

The new method developed in this study, BPLS regression, works in a 

similar way but adds an important upgrade: it also provides information on 

how uncertain each prediction is. This makes the results more useful, 

especially when decisions based on the predictions could affect consumer 

or animal health or farm finances.



2,683
NUMBER OF DOWNLOADS OF BPLSR SOFTWARE 

SINCE NOVEMBER 2024 RELEASE

KEY STATISTICS

RELATED UN SUSTAINABLE DEVELOPMENT GOALS

The BPLS method developed in this case study reframes the traditional 

method using probability theory (called Bayesian statistics), which models 

uncertainty in a mathematically principled way. Rather than giving one 

single prediction of a milk trait from a milk sample, it uses probability to 

also communicate the certainty in the predicted value. This means that 

rather than saying, for example, “the heat stability of this milk sample is 5 

minutes,” the BPLS method might say, “we are 95% confident that the 

heat stability is between 4.5 and 6.5 minutes.” This extra layer of 

information—showing how much uncertainty is involved—can help people 

make better decisions, especially when it comes to managing health or 

quality in farming and food production.
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For more information contact: 

vistamilk@teagasc.ie or www.vistamilk.ie 
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The research effort was a collaborative endeavour, drawing on the 

disparate fields of statistics, agricultural science and sensor science 

across the VistaMilk research centre. This breadth and level of expertise 

ensured that the method was not developed in isolation solely by 

statisticians, but was importantly motivated and informed by the dairy 

production domain and the developers of the sensor technology that 

generates the spectra. 

The open-source R software package bplsr was co-developed alongside 

the statistical method development process to ensure impact and uptake 

and to facilitate implementation of the developed method by 

practitioners. The 2680+ downloads of the bplsr software package since 

its release in November 2024 indicate significant interest in the new 

method; the software has been downloaded in 86 countries, with the 

USA, Japan and Canada having the largest numbers of downloads.

Figure 1. Mid infrared spectrum of liquid milk 

Figure 2. Uncertainty predictions for casein content in milk
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