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Ketosis
Metabolic disease no. 1 

in early lactation
with consequences often

underestimated

Prevalence:
4% for clininal ketosis

22% for subclinical ketosis

Suthar et al., 2013, J. Dairy Sci.
McAart et al., 2015, J. Dairy Sci.

Increased risk for 

other diseases and 

reproductive 

problems

Cost:
117 US$
(289 US$ when accouting

for subsequent diseases) 

Milk 

production 

losses

Early detection

is a key point!
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Detection = measuring ketone bodies

► In blood with an analyser
(+) reliable (~ gold standard)
(-) ‘costly’, invasive, time-consuming

► With cow side test strips in milk or urine
(+) cheaper, easier 
(-) less reliable

► By mid-infrared analysis of milk recording samples
(+) no extra costs, no extra sampling on cow, 

all cows tested at each test-day 
(-) less reliable



Detection of ketosis in milk recording 
samples: 2 examples

► “         CétoLait score” 

► Obtained by a decision tree which uses 4 
milk traits predicted by MIR:
fat/protein, BHB, acetone, C18:1 cis-9

► Specificity = 72% & Sensitivity = 71%

► “KetoMIR score”

► Predictive model using: 
• fixed effects + milk yield + MIR predicted 

traits (KetoMIR1, used in routine)

• fixed effects + MIR spectra corrected for 
DIM (KetoMIR2, in test)

► Specificity = 84% & Sensitivity = 72%

Class 1 
Healthy

Class 2 
In Danger

Class 3 
Severely in danger



Going further in the screening for ketosis
through milk recording samples?

1. Predict directly NEFA and BHB blood concentrations from milk 
mid-infrared spectral data

2. Take advantage of these new traits to:
✓ reinforce                    score

✓ promote KetoMIR2 score



Developing calibration equations to predict

NEFA and BHB blood concentrations 

from milk MIR spectral data 



Capitalizing on European collaboration

Equations were developed in the framework 
of European Milk Recording EEIG

Advantages:

► Collation of large, diverse and variable datasets

► Use of standardized spectral data 
(→ avoid bias among apparatus and time periods)

► Take advantage of expertise of each members/associated partners

www.milkrecording.eu



MIR prediction of blood NEFA & BHB
Data set

► Blood BHB and NEFAs associated with MIR standardized spectral data 

► Compilation of data from 2 projects
• “OptiMIR” project: 4 research farms in Germany and France

• “Acetone” project: 6 commercial farms in Switzerland 

► Breeds: Holstein, Brown Swiss, Simmental, Montbeliard

► Final dataset (after editing)

Trait N Mean ± Std Range

Blood NEFA (mmol/L) 1516 0.338 ± 0.373 0.010 – 2.160

Blood BHB (mmol/L) 735 0.770 ± 0.439 0.250 – 3.200



MIR prediction of blood NEFA & BHB
Methodology

► Pre-processing:
• Savitsky-Golay first derivative

• selection of 212 informative wavenumbers 

► Log10 transformation for blood BHB values

► Canonical powered PLS method



MIR prediction of blood NEFA & BHB
Calibration results

Trait N Mean ± Std Range
No.

terms
Standard Error
of Calibration

R²
calibration

Blood NEFA (mmol/L) 1516 0.338 ± 0.373 0.010 – 2.160 15 0.171 0.79

Blood BHB (mmol/L) 735 0.770 ± 0.439 0.250 – 3.200 20 0.106 0.73

Blood BHBBlood NEFA



MIR prediction of blood NEFA & BHB
Calibration & cross-validation results

Trait N Mean ± Std Range
No.

terms
Standard Error
of Calibration

R²
calibration

Blood NEFA (mmol/L) 1516 0.338 ± 0.373 0.010 – 2.160 15 0.171 0.79

Blood BHB (mmol/L) 735 0.770 ± 0.439 0.250 – 3.200 20 0.106 0.73

Trait
Standard error

of cross-validation
R² 

cross-validation
RPD (Std/Secv)

Blood NEFA (mmol/L) 0.181 0.77 2.06

Blood BHB (mmol/L) 0.116 0.68 1.76

With 4 datasets

Cross-validation results

Allow to discriminate 
groups of cows, 
identify high from low 
values



Promote MIR predictions of blood NEFA 

and BHB through their practical use



► “KetoMIR2” score vs. MIR predictions

→ KetoMIR2 indicator is consistent in addressing the risk of ketosis

Using blood BHB & NEFA MIR predictions
to verify ‘KetoMIR2’ score

Class 1 
Healthy

Class 2 
In Danger

Class 3 
Severely in danger

Trait r with ‘KetoMIR2’ score

Blood NEFA (mmol/L) 0.78

Blood BHB (mmol/L) 0.59

► “KetoMIR score” assesses the risk of ketosis 
through milk recording samples



Using blood BHB & NEFA MIR predictions
to enhance score

► “ score” assesses the risk of 
ketosis through milk recording samples

► Report sent to farmers after each test-day

► Pilot project – 120 farms 



Using blood BHB & NEFA MIR predictions
to enhance score

► Currently obtained by a decision tree (empirically defined with target values from the 
literature) which uses 4 milk traits predicted by MIR

• fat/protein, BHB, acetone → to predict the ketosis level

• C18:1 cis-9 (corrected for herd effect) → to predict the NEB level

► “ score”



Using blood BHB & NEFA MIR predictions
to enhance score

► First validation results (on data from 357 cows with MIR data & blood BHB measures)

► “ score”

Specificity = 72%

Sensitivity = 71%



Using blood BHB & NEFA MIR predictions
to enhance score

► First validation results (on data from 357 cows with MIR data & blood BHB measures)

• Specificity = 72% & Sensitivity = 71%

• + positive feedback from the field

► “ score”

➔ Opportunity to enhance the score by including blood BHB and NEFA MIR predictions ?

Both traits were added in the decision tree and validation was performed 
on a new data set including ~ 800 records

→ Specificity and sensitivity increased of 3% and 4%



Take home message

► Large-scale screening for ketosis can be performed through milk recording
• indicators of ketosis (blood BHB and NEFA) can be predicted 

by MIR analysis of milk

• all cows can be tested, every test-day

• herd-level management tool (not a diagnosis) → complementary to the vet!

• indicator trait for genetic evaluation

► European collaboration is a strength
• to develop and release robust and global MIR calibration equations

• while allowing for country specific implementation of decision-support tools



Thank you for your attention!

Contact:

Catherine BASTIN
awé groupe – elevéo
R&D Service
cbastin@awenet.be

Contact:

Julie LEBLOIS
European Milk Recording EEIG

jleblois@awenet.be


