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Summary

Due to the increasing world population, the constimnpof milk and dairy products is raising. Optitinig the production of
milk under the economic and environmental constsdma challenge. In this context, knowing thedfefficiency (FE) of dairy
cow is a key issue. Unfortunately, the acquisitidrsuch records at individual and large scalesfeasible. So, the current
thesis aims to fill this gap by developing a FEdictve tool for dairy sector available at largedandividual scales. To
achieve this objective, the FE was assessed bylatifgy the ratio of fat and protein corrected miCM) to dry matter
intake (DMI). Although FPCM is already routinelyadlable, this is not the case for DMI. Howeveliterature equation exists
to predict DMI from FCM, bodyweight (BW) and themhber of weeks of lactation. Recently, a methodologiyng the milk
mid-infrared (MIR) spectrometry combined with theiraal characteristics was developed to predictdagt BW records,
leading to open new perspectives about the useEofefated traits for management and breeding pegoSo, the final
achievement of this thesis is the development aedirhplementation of a FE prediction tool from tsagasily recorded by
dairy herd improvement (DHI) organizations, inchuglinamely the BW estimation. To achieve this olije¢t3 main research
activities were conducted in this thesis.

The first research aimed to increase the calibmasiet and to apply feature selection algorithmsnduthe modeling in
order to improve the BW models' robustness andracgulndeed, the presence of less informativeabdes in a prediction
equation could impact negatively its robustnesse@lieature selection algorithms were applied dh@@dictors to select the
most informative ones from a dataset containin@®,8cords: partial least squares regression (b8bined with sum of
ranking difference (SRD), PLS combined with unimfative variables elimination (UVE), and the outmitElastic net
regression (EN). Parity, days in milk (DIM), milkeyd (MY), and two MIR spectral points were selectes the most relevant
variables to predict BW. Validation root mean sguarrors (RMSEp) of 60 kg were obtained for botlSRInd EN regressions
employing these 5 predictors, suggesting a betienstness of these models compared to the onesuvithiR or using all
277 MIR variables. The RMSE values of validationamming from another brand of spectrometer weoeiaa 64 kg.

The second research work focused on the implenientaf a BW equation in practice. Indeed, some pqaality BW
predictions can be obtained using poor quality spedata or by applying the model on samples foictv the variability was
not included in the calibration set. So, the olyecbf this work was to develop data cleaning mdsheasy to implement by
DHI to ensure the quality of BW predictions. Sod&a cleaning procedures and their combination® wested on a DHI
dataset containing 346,818 records: the deletiat?efof extreme high and low predicted values (Mi¢, deletion of records
when the global-H (GH) distance was greater thdi3), and the deletion of records if the absolweresidual value was
higher than 0.30 g/dL of milk (M3). The interest thfose procedures was assessed by estimating ¢them@an square
differences (RMSD) between fat, protein, and faitid traits predicted by the MIR spectrometry intdly and externally. All
methods allowed to decrease RMSD, the gain rangad ©.32% to 41.39%. Based on the obtained regbhits;M1 and M2”
combination should be preferred to be more parsiousnin the data loss as it had the higher ratiRMfSD gain to data loss.
However, to ensure the lowest RMSD, the “M2 or M8mbination was the most relevant.

Based on these 2 first works, FE records wereyeabilained at large and individual scales and @daappropriately.
Then, in order to assess the relevancy of the BE tioe final work of this thesis consisted to stulkde behaviors of BW and
FE predictions obtained from the 5 developed equoativithin and between lactations as well as pri®nth and compared
them to the ones observed in the literature usifgrence values. Subsets of Heibei (N=288,607)Vdatloon (N=379,472)
DHI datasets were used. Even if the BW equatiodsndt differ a lot based on the prediction perfanoes, differences were
observed on the DHI datasets and clustered thetiegsavithin 2 groups: the ones including 5 prealistand the one using the
parity, DIM, MY, and the full MIR spectral data. &lfinal one depicted a more expected evolutioniwidictation with a drop
of BW around 30-50 days in milk and then an inceed$is was not observed for the other equatioggesting a lack of MIR
information to take into account sufficiently thedividual variability of BW. The annual trend obsed for this equation was
also more expected with a BW drop during the gapieriod. However, the differences in FE prediciobtained using BW
estimated from different equations were less markadgesting a low sensibility of FE predictionsatsnoderate variation of
BW. The validation RMSE reached 0.05 suggestingalgccuracy for this FE indicator.

In conclusion, the FE tool developed in this thesia be implemented by DHI organizations basedherBW equation
including milk, parity, DIM, and the 277 MIR speaktpoints. However, some additional investigatians still needed before
the use of a such tool by DHI. Indeed, even ifiprielary results obtained in this thesis suggestatderate heritability of FE
trait, a study with the newly developed BW equaticould be done as we have observed that the pdsdRiation tended to
overestimate BW. Moreover, knowing the relationshigtween FE predictions with other traits havingn®mic interest is
required before any use. A reflection about the @y to communicate the results to the farmerstineslso started. Finally,
the FE tool was based on an equation predicting.0Adi the future, it could be also of interest teasure the relevancy of
this equation by using DMI reference data.
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