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Negative energy balance during the transition period predisposes dairy cattle to 
numerous metabolic conditions. Fourier-transform infrared spectroscopy (FTIR) 
presents one potential data source for estimating metabolic parameters used for the 
detection of cows suffering from these disorders. We created prediction models for 
blood BHB and blood NEFA using milk FTIR and production information from 622 
milk samples subjected to FTIR measurements. The resulting R2 for prediction of 
blood BHB was 0.5627 ± 0.2610(SD) and R2 for blood NEFA prediction was 0.5093 
± 0.2473(SD). Balanced accuracies for detection of blood BHB greater than or equal 
to 1.2 mmol/L and for blood NEFA greater than or equal to 0.7 mmol/L were 83% and 
73% respectively. Additionally, we predicted metabolic disorders in cows by applying 
the predicted blood BHB, predicted blood NEFA, and milk fat to protein quotient to an 
external dataset. 

Keywords: Prediction modeling, metabolic disorders.

Negative energy balance (NEB) following parturition predisposes dairy cattle 
to numerous metabolic disorders. While many detection methods for metabolic 
disorders exist, they suffer from poor accuracy, high costs, or intensive labor 
requirements. Fourier-Transform Infrared spectroscopy (FTIR) of milk may improve 
both understanding and detection of metabolic disorders, including those not detected 
by hyperketonemia alone. This prediction tool has the potential to allow for accurate 
prediction of biomarkers associated with negative energy balance, beta-hydroxybutyrate 
(BHB), and non-esterified fatty acids (NEFA), using a routine milk sample. The ability 
to predict multiple biomarkers from a single sample would allow better characterization 
of metabolic disorders in dairy cows.

Not all dairy cows experiencing adverse negative energy balance have elevated blood 
BHBA, the most common on-farm metric for evaluation. Ospina et al., 2013 reported 
that blood NEFA and blood BHB are not well correlated when measured on the same 
day. These affected cows are at risk of remaining undetected in an exclusively blood 
BHB focused testing strategy.
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We used FTIR, milk production data, and ElasticNet regression to create prediction 
models for both blood BHB and blood NEFA. Using a combination of these we predicted 
the metabolic status of cows <60 DIM for an external dataset.

Nine German dairy farms contributed data from December 2014 to December 2016 for 
this study. Farms visits occurred as often as once weekly and at least once monthly. 
Cows were dried off seven weeks before the expected calving date. Days in milk 
(DIM) targeted for sampling were between 0 and 60 days. Milk samples were taken 
between 8:00-10:00 AM using proportional milk samplers. A 10ml aliquot of milk was 
sampled and preserved using 1-2ml of bronopol (2-Bromo-2-nitropropane1,3-diol). 
Samples were transported at 4°C to regional milk testing facilities within one day of 
collection and analyzed using a MilkoScan FT-6000 (FossAnalytical A/S, Hillerød, 
Denmark). Milk FTIR absorbance variables were recorded for 1,060 wavenumbers.

A total of 622 observations from 478 cows had blood BHBA, blood NEFA, and milk 
FTIR samples collected. Blood samples were obtained following milking from randomly 
selected cows including milk samples from the same day. 

All statistical analyses were performed using R software version 3.6.3 (R Core 
Team (2020).). FTIR wavenumber variables were removed if greater than 15% of 
observations were missing values for a specific wavenumber. Wavenumber variables 
for values 900 –1,060 were removed as these 237 observations did not have these 
values recorded in the dataset. Following the removal of all observations with a missing 
value (n=134), the dataset contained 622 observations of 910 variables.

The IR spectra were transformed using the second derivative. The transformed 
spectra were reduced to 212 wavelength variables known to be informative (Grelet 
et al., 2016). Model input was DIM, lactation group, milk production, and the 212 
wavenumbers. Blood BHBA and blood NEFA were log-transformed after visualization 
using a histogram.

The ElasticNet (ENET) is a regression method that combines ridge regression and 
lasso regression to apply regularization aimed at shrinking model coefficients and to 
reduce coefficient variance (Hoerl and Kennard, 1970; James et al., 2013; Tibshirani, 
1996). ENET is fit to the data using two parameters λ and α, and 7-fold cross-validation. 

ENET in a logistic regression setting was also used to predict the binary outcome for 
above or below blood BHB and blood NEFA threshold values. The threshold value 
for elevated blood BHB was set at > 1.2 mmol/L and > 0.7 mmol/L for blood NEFA. 
In addition to the preprocessing described above, training data were balanced using 
Synthetic Minority Oversampling. The fitting of the ElasticNet classification model 
followed the same procedure as for the regression models.
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We evaluated our ENET regression models using an external dataset. The RMSE of 
predictions and Pearson’s correlation coefficients between predicted and observed 
values were calculated. In addition to the prediction of metabolites independently, 
we predicted the overall metabolic status of the cow associated with the respective 
samples as either ‘healthy’ or risk for ‘metabolic disorder’. Cows were identified as 
metabolically disordered if predicted blood BHB was greater than or equal to1.2 mmol/L, 
blood NEFA greater than or equal to 0.7 mmol/L, or fat-protein-quotient (FPQ) greater 
than or equal to 1.4. Predicted metabolic status was then compared to true metabolic 
status as determined by measured blood BHB and blood NEFA resulting in a confusion 
matrix from which diagnostic test parameters were derived.

Cows were sampled from 1 to 3 times. The median number of samples per farm was 
55 (range: 2-180). A total of 152 cows were in their first lactation and 470 cows were 
in their second or greater lactation (median=3, range 1-10). A total of 563 Holstein and 
59 Flekvieh samples were collected. 

Cross-validated R2 values for blood BHB 0.5627 ± 0.2610(SD) and RMSE of 
0.3873 + 0.1380(SD). The blood BHB classification had a balanced accuracy of 87% 
(80% – 91%), sensitivity of 90% (81% – 96%) and a specificity of 83% (80% – 86%). 
PPV and NPV were 43% (35% - 51%) and 98% (97% - 98%) respectively. Blood NEFA 
prediction RMSE was 0.4825 + 0.9260(SD) and R2 was 0.5093 + 0.2473(SD). The 
balanced accuracy of blood NEFA predictions was 73% (68% – 79). These results are 
comparable to recent publications by Pralle et al., 2018, who reported sensitivities of 
76 to 81% and specificities of 71% to 81% for prediction of blood BHB levels greater 
than 1.2 mmol/L. The blood NEFA prediction results are similar to Luke et al., 2019 
and Tremblay et al., 2019 who reported a sensitivity of 73%, and 77% respectively. 
These results show ENET is a good modeling algorithm for the prediction of blood 
BHB and blood NEFA.

Validation of our ENET predictive model was performed using the Qcheck dataset 
with n=9660 observations to account for any overfitting bias. The resulting RMSE was 
0.4018 (95% CI 0.3958 - 0.4082) for log-transformed blood BHB and 0.4043 (95% CI 
0.3937 - 0.4159) for log-transformed blood NEFA prediction. Figures 1 and 2 display 
observed values compared to predicted values. 

True observed blood BHB and true blood NEFA had a Pearson’s correlation coefficient 
of 0.31 (P>0.001) while predicted blood BHB and predicted blood NEFA had a 
correlation coefficient of 0.69 (P>0.001). This increased correlation between predicted 
values of NEFA and BHB may be due to our dataset size. 

Prediction accuracy for metabolic disorder classification using predicted blood BHB, 
predicted blood NEFA, and milk FPQ was 94% (9081 /9660). Sensitivity was 94% 
(3354 / 3542) and specificity was 94% (5727 / 6118). By using a combination of blood 
BHB, blood NEFA, and FPQ, this model enables the identification of cows suffering 
from hyperketonemia in addition to those with normal blood BHB levels suffering from 
the consequences of negative energy balance. By identifying these at-risk cows, we 
can direct necessary medical care to them before they lose massive amounts of body 
weight and develop more severe conditions resulting in death. 

External validation 
and metabolic 
disorder prediction 
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Figure 1. Observed versus predicted values of blood BHB for ElasticNet regression 
(n=9,660) using milk Fourier-transformed infrared spectroscopy and production 
variables (milk yield, DIM, lactation group). 

Figure 2. Observed versus predicted values of blood NEFA for ElasticNet regression 
(n=9,660) using milk Fourier-transformed infrared spectroscopy and production 
variables (milk yield, DIM, lactation group). 

Conclusion

 
 
 
 

 
 

 
 
 

Metabolic disorders during the transition period remain a primary issue of concern for 
dairy cows. Milk FTIR measurement is one source of data for the detection of cows 
suffering from metabolic disorders with the benefits of obtaining multiple biomarkers 
from a single milk sample. Prediction of metabolic disorders using FTIR data can be 
accomplished by combining the predictions into a categorization into cows with and 
without metabolic disorders. This categorization results in rapid identification of these 
high-risk cows post-calving. Continued research into prediction modeling with regards 
to methods and input is warranted.



45

ICAR Technical Series no. 25

Wallesera et al.

Acknowledgments

List of references

The optiKuh project was supported by funds of the Federal Ministry of Food and 
Agriculture (BMEL) based on a decision of the Parliament of the Federal Republic of 
Germany via the Federal Office for Agriculture and Food (BLE) under the innovation 
support program (2817201013). The Qcheck project was supported by funds of the 
Federal Ministry of Food and Agriculture (BMEL) based on a decision of the Parliament 
of the Federal Republic of Germany via the Federal Office for Agriculture and Food 
(BLE) under the innovation support program. The authors acknowledge the MPR Bayern 
e.V. (Bavarian Association for Raw Milk Testing) and the LKV Bayern e. V. (Dairy Herd 
Improvement Association of Bavaria) for supporting the collection of our data with their 
funds. We appreciate the work done by FOSS for providing the fatty acid panels used 
for the analysis. We gratefully acknowledge all dairy farms taking part in our project and 
the team of the laboratory in the Clinic for Ruminants, Ludwig- Maximilian-University 
Munich. Special thanks to our colleagues, Anne Reus, Franziska Hajek, and Dr. Stefan 
Plattner for supporting the data collection. The official number for the animal experiment 
proposal by the Government of Bavaria was ROB-55.2Vet-2532.Vet_03-17-84 and in 
the Thuringian State Office of Consumer Protection was it 22-2684-04-LMU-17-101. 
Funding support was also provided by the National Institutes of Health through the 
Comparative Biomedical Sciences Training Grant T32OD010423.

Grelet, C., Bastin, C., Gelé, M., Davière, J.-B., Johan, M., Werner, A., 
Reding, R., Fernandez Pierna, J.A., Colinet, F.G., Dardenne, P., Gengler, N., 
Soyeurt, H., Dehareng, F., 2016. Development of Fourier transform mid-infrared 
calibrations to predict acetone, ²-hydroxybutyrate, and citrate contents in bovine 
milk through a European dairy network. J. Dairy Sci. 99, 4816–4825. https://doi.
org/10.3168/jds.2015-10477 

Hoerl, A.E., Kennard, R.W., 1970. Ridge Regression: Biased Estimation for 
Nonorthogonal Problems. null 12, 55–67. https://doi.org/10.1080/00401706.1970.10
488634 

James, G., Witten, D., Hastie, T., Tibshirani, R., 2013. An Introduction to 
Statistical Learning, Springer Texts in Statistics. Springer New York, New York, NY. 
https://doi.org/10.1007/978-1-4614-7138-7 

Luke, T.D.W., Rochfort, S., Wales, W.J., Bonfatti, V., Marett, L., 
Pryce, J.E., 2019. Metabolic profiling of early-lactation dairy cows using milk mid-
infrared spectra. Journal of Dairy Science 102, 1747–1760. https://doi.org/10.3168/
jds.2018-15103 

Ospina, P.A., McArt, J.A., Overton, T.R., Stokol, T., Nydam, D.V., 2013. 
Using Nonesterified Fatty Acids and ²-Hydroxybutyrate Concentrations During 
the Transition Period for Herd-Level Monitoring of Increased Risk of Disease and 
Decreased Reproductive and Milking Performance. Veterinary Clinics of North 
America: Food Animal Practice, Metabolic Diseases of Dairy Cattle 29, 387–412. 
https://doi.org/10.1016/j.cvfa.2013.04.003 

Pralle, R.S., Weigel, K.W., White, H.M., 2018. Predicting blood beta-
hydroxybutyrate using milk Fourier transform infrared spectrum, milk composition, 
and producer-reported variables with multiple linear regression, partial least squares 
regression, and artificial neural network. Journal of Dairy Science 101, 4378–4387. 
https://doi.org/10.3168/jds.2017-14076 

Tibshirani, R., 1996. Regression Shrinkage and Selection via the Lasso. 
Journal of the Royal Statistical Society. Series B (Methodological) 58, 267–288.



46

Prediction using milk Fourier-transform infrared spectroscopy

Proceedings ICAR Conference 2021, Leeuwarden

Tremblay, M., Kammer, M., Lange, H., Plattner, S., Baumgartner, C., 
Stegeman, J.A., Duda, J., Mansfeld, R., Döpfer, D., 2019. Prediction model 
optimization using full model selection with regression trees demonstrated with 
FTIR data from bovine milk. Preventive Veterinary Medicine 163, 14–23. https://doi.
org/10.1016/j.prevetmed.2018.12.012




