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Abstract

The increasing consumer’s concern about the relationship between food and human health as well as the
environmental impact of food production combined with the increase of production cost and the variability
of milk price must be take into account by dairy herd improvement organisations to develop future
management and breeding tools for dairy farmers. In this context, the use of Fourier transform mid-infrared
(FTMIR) spectrometry is relevant to record phenotypes related to the nutritional quality and process ability
of milk, the cow health and well-being and the environment. Those new phenotypes obtained from different
equations have not the same accuracy and reliability due to the use of different calibration sets and/or a
partial uncovering of the spectral variability. So, even if the computational facility to implement mid-
infrared (MIR) prediction equations is a reality, some points of attention must be considered to ensure
high quality MIR predictions and spectra. This is related to a well-designed calibration set often reached
through international collaborations, an appropriate standardization of the spectral data used to perform
the prediction and an open communication about the equation accuracy and the representation of the
spectral variability of a milk sample to be analysed compared to the used calibration set. More and more
investigations are conducted currently to use directly the spectral data to limit the prediction bias. However,
although a confirmation of the genetic background related to those particular spectral phenotypes,
additional researches must be conducted to define the best methodology to include those records in
breeding indices.
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Paper

The increasing consumer’s concern about the relationship between food and human health as well as the
environmental impact of food production require considering the analysis of new characteristics of milk
composition. Moreover, the increase of production cost and the variability of milk price force the dairy
farmers to optimize their production. Dairy herd improvement (DHI) organisations must face with this new
context to develop management and breeding tools to help their farmers. To achieve this objective, the
recording of a large number of phenotypes covering the nutritional quality and process ability of milk, the
cow health and well-being and the environment is needed. Those phenotypes must be easy to record at
individual scale and at low cost. The use of Fourier transform mid-infrared (FTMIR) spectrometry of milk
fulfils those conditions. The merging of these novel phenotypes with other information like pedigree
information and cow identification and characteristics must be also easy to organize.

Mid-infrared is an infrared radiation located between 3 and 50 pm defined using wavenumbers. The MIR
spectrum reflects the absorption of fundamental vibrations related to specific chemical bounds within a
molecule (Smith, 1996). So, the milk MIR spectrum is representative of the global milk composition. To
quantify a specific milk component, the most informative spectral data points must be combined together.
So, the coefficients estimated for a specific prediction equation are applied on the spectral data in order to
provide one value representing the estimated quantification of the desired trait, namely called prediction.
The first developed equations concerned the measurement of fat and protein as these traits were used for
the milk payment and were also useful to appreciate the nutritional quality of the milk produced. Equations
related to the prediction of lactose and urea content in milk appeared some years after. Currently the MIR
technology is used by all milk laboratories all around the world for milk payment (i.e., farm level) and for
milk recording (i.e., cow level) to develop management and breeding tools. Fifteen years ago, research
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conducted by Gembloux researchers showed the interest to extend the use of MIR to predict additional
phenotypes related to milk quality like the detection of abnormal milk (Pierna et al., 2016), the
quantification of fatty acids or minerals (Soyeurt et al. 2006 and 2009). Those first findings have fostered
the emergence of new MIR research on milk by different research teams. Currently, many equations were
developed by researchers to assess the environmental fingerprint of milk production (e.g., Vanlierde et al.,
2015, 2016 and 2018), the nutritional quality of milk (Soyeurt et al., 2009, 2011, 2012), the cow health
status (e.g., deRoos et al., 2007; McParland et al., 2011; Grelet et al., 2018), the feed efficiency (McParland
et al., 2015) and the technical properties of milk (De Marchi et al., 2009). So, without any doubt, the use
of FTMIR spectrometry in milk is of interest to provide new phenotypes useful for the development of the
future management and breeding tools.

The use of MIR spectral data is computationally easy but some care must be given to the obtaining of
reliable MIR predictions and high quality spectra. The obtaining of reliable predictions is related to two
aspects: first, the structure of the calibration set (i.e., reference data used to estimate the coefficients of
the established prediction equations) and second the accuracy of the prediction estimated from one or
several sets of independent samples. Indeed, the calibration set used must be representative of the dairy
cattle population where the prediction equation will be applied. If a part of the variability of the spectral
data and/or the studied trait is missing, this leads to extrapolate the prediction and so this increases the
chance to decrease the expected accuracy. This expected accuracy must be assessed using independent
sets of samples. However, this independency is not always easy to fulfil due to practical or financial issues.
Therefore, it is always required to know the methodology used to estimate the accuracy of a prediction
given by an equation. Unfortunately, currently the information about the calibration structure and,
sometimes, the overall accuracy is missing. So, DHI organizations can apply prediction equations with
honesty thinking that the prediction is reliable and accurate but nothing is currently available to confirm
this statement. More than the equation itself, the accuracy of the prediction depends also on the quality of
the MIR spectral data provided by the spectrometer. Some routines are implemented in milk laboratories
to ensure the quality of spectral data by analyzing a stable reference substance through time.
Unfortunately, the composition of this substance does not present the same level of milk composition
complexity. This can lead to a differential effect of this standardization on milk MIR spectrum per
wavenumber.

So the perspectives of the MIR are related to those constraints. There is a need to establish a guide of good
practices to predict MIR phenotypes and to ensure a high quality of MIR data. Some investigations and
solutions exist to solve those problems. The accuracy of the developed equation can be communicated by
the manufacturer or by the team responsible of this equation. This is largely done currently. However, to
know if the spectral variability of the analyzed milk sample is included in the calibration set, the
standardized Mahalanobis distance of the spectrum to be predicted to calibration dataset must be
estimated. Through a principal component analysis, this could be possible by using eigenvectors calculated
from the calibration used by the manufacturer. This is not possible currently if you have not an access to
the calibration set. However, this could be the best way to avoid extrapolation during the prediction process
based on uncovered spectral variability. Moreover, the current prediction equations used by milk
laboratories can be developed from different brands of spectrometers and therefore from different
calibration sets. This lead potentially to a variable accuracy of the prediction which can impact the
development of management or breeding tools. The creation of uniformed prediction equation is therefore
of interest. The standardization of MIR data as proposed by Grelet et al. (2015 and 2017) using milk
samples with known milk composition allows ensuring high quality MIR spectral data between milk
laboratories and also the standardization of MIR spectra between different brands. This opens therefore
the possibility to promote a limited number of prediction equations for a specific traits used by all dairy
stakeholders.

Based on our experience, the creation of prediction equations by research teams with the collaboration of
many farms located in different place could 1) increase the variability of the studied traits and the spectral
data improving the robustness of the developed equation and, 2) facilitate the communication about the
accuracy of the prediction and the estimation of standardized Mahalanobis distance. The creation of online
platform such as the European milk recording (www.milkrecording.eu) opens this perspective.

We cannot finish this paper without mentioning that all of those new phenotypes were finally related to the
same raw information, the spectral data. The combination of multiple phenotypes coming from the same
origin can increase potentially the prediction bias. So, more and more initiatives are emerging to try to use
directly the MIR spectral data especially for breeding purposes (Soyeurt et al., 2010; Bittante et al., 2013;
Wang et al., 2016). Those studies confirmed the genetic background related to the wavenumbers of the
milk MIR spectra. This was expected as the spectral data represent the global milk composition whose
components have a known genetic variability. However, the direct use of milk MIR spectral data base
breeding values is not easy as each individual wavenumber is not a direct representative of any specific
trait contained in the breeding goal. Additional researches are still needed to solve this problem.
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In conclusion, the use of FTMIR spectrometry in milk to enhance the number of phenotypes to consider
different aspect of the milk production is of interest. But this emerging intensive use of MIR does not hide
the complexity behind the obtaining of predictions and spectra to ensure the highest possible quality.
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