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Introduction

•Early post partum responses to NEB

•5 response patterns to NEB

•Need for BHBA and NEFA testing

•Prediction models for response patterns 
using FTIR from milk testing data

•Outlook on prediction modeling using 
FTIR and Machine Learning/Deep Learning 



• Cows react differently to NEB with…

• different degree of fat mobilisation

• liver damage

• immunosuppression

• change in DMI

• (late) consequences, for ex. RP, Metritis, DA’s

• Response patterns to NEB –> 5 ‘cow types’

NEB ans response patterns

• NEB, metabolic challenges and

• response patterns, such as hyperketonemia,

• Negative Energy Balance early post calving



Cow types

• 5 response patterns to NEB early post calving:

• Athlete cow

• Clever cow

• Healthy cow, but define ‘healthy’…

• Hyperketonemic cow  - let’s rethink this concept…

• PMAS cow, the ‘wrong’ reaction to NEB

Cow type bBHBA bNEFA FEQ

Athlete cow ?

Clever cow ?

Healthy cow

Hyperketonemic cow ?

PMAS cow



Cow types

• 5 response patterns to NEB:

Poor Metabolic Adaptation - PMAS cow:

▪Older cow, high milk production, 

▪Early lactation>3DIM

▪increased BCS (>3.5) during early lactation

▪or extremely low BCS (<2.5)

▪Increased liver enzymes (GLDH, billirubin)

▪decreased DMI and rumen filling, fewer rumen 

contractions, reduced milk production-> ‘Crash’ cow
Tremblay et al., 2018, 2019

Cow type bBHBA bNEFA FEQ

Athlete cow ?

Clever cow ?

Healthy cow

Hyperketonemic

cow

?

PMAS cow

Limit values:

bBHBA:

>0.8 mmol/L

(or >1.2 mmol/L)

bNEFA:

>0.7 mmol/L high risk

<0.39 mmol/L low risk

FEQ:

>1.4



5 Cow types

• Where does this come from?

FSM-Irmi Project

Tremblay et al 2018, 

2019



5 Cow types

• 5 response patterns to NEB:

FSM-Irmi Project

Tremblay et al 2018, 

2019

Intermediate risk for PMAS



Cow Types

• 5 response patterns to NEB:

15Cluster 3: PMAS cow

High bNEFA, older cows,

early DIM, 

reduced milk production
FSM-Irmi Project

Tremblay et al 2018, 

2019

Cluster 5: Clever cow

Reduced milk fat, 

Healthy 

Cluster 4: Athlete cow

High bBHBA, healthy,

High milk fat

Healthy cow

Hyperketonemic cow: high bBHBA, not doing well



Cow Types

• 5 response patterns to NEB:

15Cluster 3: PMAS cow

High bNEFA, older cows,

early DIM, 

reduced milk production
FSM-Irmi Project

Tremblay et al 2018, 

2019

Cluster 5: Clever cow

Reduced milk fat, 

healthy

Cluster 4: Athlete cow

High bBHBA, healthy

High milk fat

Healthy cow

Hyperketonemic cow: high bBHBA not doing well



FTIR spectral data to predict bBHB, bNEFA

• 5 Stoffwechseltypen:

• Wie kommen wir da drauf?

FSM-Irmi Projekt

lactose

fat

fat +

protein

fat

fat + 

organic 

acids

protein

Entire milk FTIR spectrum



Prediction models in literature…

•Principal component analysis(PCA)• Neural network model

• None

• 1st derivative 

• 2nd derivatives 

• PLS regression

• Signal correction (EMSC) 

PLS, ANN, 
with and w/o cow data
external validation
2020

PLS,  
external validation
2019

GLM,  
external validation
2017



: PCA, subset

: Case/control

: Impute or not

: Scale and center

: GLM, LDA, SVM…

29

§ Feature extraction 

§ Observation selection 

§ Missing data

§ Transformations

§ Model algorithms

Full
Model 
Selection 
(FMS)

Pre-processing

Algorithm

Examples for decision criteria:

Modeling choices matter… 

8 steps for modeling choices:

Tremblay et al 2018, 2019



For example: QCheck data

• n=9960, 2641 cows, 5-50 DIM, HF and FV
• Gruber et al. 2021,  Milk Science International, accepted for publication

• QCheck prediction model for hi/lo bBHB 

• and bNEFA uses 
• Milk testing data

• Cow data (DIM, lactation number, milk production)

• IR spectral data from 1 instrument

• Gruber et al., accepted for publication 

• JF Mandujano-Reyes 2020, under review, numeric predictions



QCheck

• regression tree Full Model Selection… rtFMS
• based on Tremblay et al 2019, ElasticNet algorithm

bBHBA ≥ of < 1.2 mmol/l



results – Q-Check to detect hi/lo bBHBA

• rtFMS: bBHBA regression tree

• …Machine Learning GLMNET, 

• 96 model variants, n=9960, 2641 cows, HF and FV

rtFMS: s Tremblay et al 2019

QCheck project: Gruber et al., 2021, accepted for publication

QCheck model: JF Mandujano Reyes et al., under revision

FAF FAF1 FAF2 FAF3 IR
IR.EMR 

standardized

FAF*: fatty acid packages by FOSS, DK

EMR: FTIR standardization by Grelet et al., 2015, 2016



Machine Learning, Deep Learning  

data

hi

lo

Input
layer

Hidden
layers

Output
layer

‘gradient descent’
see F. Chollet 2020

• How does is work? 

• What does a Neural Network look like?

• Data for Input layer

• Hidden layers in 

• densely connected convoluted neural networks (DNN)

• Output layer



Aim: predict bBHBA hi/lo using FTIR only…

a classification model and different algorithms

212 wave numbers, 2nd derivative

Very similar prediction performances



Aim: predict bBHBA hi/lo using FTIR only…

a classification model

•What is next?

•Stack different data sets

•Optimize prediction models

•Robustness check; external validation

•Compare EMR standardized FTIR models 
to non-standardized data used for 
prediction models

•Ensemble models



Prediction models in literature…

•Principal component analysis(PCA)• Neural network model

• None

• 1st derivative 

• 2nd derivatives 

• PLS regression

• Signal correction (EMSC) 

PLS, ANN, 
with and w/o cow data
external validation
2020

PLS,  
external validation
2019

GLM,  
external validation
2017



Conclusions 

•5 cow types in response to NEB

•Opportunities for cow- and herd-level management

•Need for bBHB and bNEFA testing

•FTIR prediction models are useful

•Modeling choices matter

•Need for uncertainty measures for performance

•Need for prediction modeling standards and comparisons 

•Need for external validation of prediction models

•Re-visit the choice of performance parameters



Conclusions

•Why is this important?

•There is a need for 

interdisciplinary

communication to support

decision-making

processes. 

•Prediction models are 

part of this process.



Thank you!
• Q-Check, FSM-Irmi, and

• Optikuh projects

• The projects were 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.

• Thank you to the MetAlarm Project Team!

• Thank you to Martin Kammer from LKV BY!!!
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