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Background

Health
Production

During early lactation, dairy cows have a 
negative energy balance (NEB).

Cows mobilize body fat, protein, and mineral 
reserves to meet the requirements for milk 
production.

Dietary management is an important approach 
to regulate lactation of dairy cows.
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Background

Hypothesis:

NEB is characterized by an unbalanced availability of lipogenic and 
glucogenic nutrients which results in an increased risk for metabolic 
disorders and reduced reproductive performance.

‘It is not just energy intake that matters, but also energy source’

Energy source: 
lipogenic (saturated fat, beet pulp) vs. glucogenic (corn, milocorn) diets  

(Van Knegsel et al., 2007) 
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Background

Energy balance, P = 0.12 

Glucogenic diet reduced body fat mobilization
NEFA, P < 0.05

Glucogenic diet decreased energy in milk
Energy in milk , P < 0.05

Glucogenic diet reduced milk fat %
Milk fat %, P < 0.05 

(Van Knegsel et al., 2007) 



Background
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Metabolomics data provide a wealth of data for in depth 
analysis of biochemical systems. 

Machine learning aims to build predictive models from 
metabolomics data, and has become a data analysis technique 
for mining key information from complex datasets.



Aim and Scientific Questions
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The aim of this study was to discriminate cow into diets or lactation 
weeks based on plasma metabolomics profiles. 

1. Comparing the discrimination performance 
of the metabolite abundance data and 
metabolite ratio data.

2. Mining potential biomarkers of dietary 
effects on early lactation dairy cows.
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Experimental set-up
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Statistical analysis —— R studio

Ø Exploratory analysis - Principal Component Analysis (PCA) 

Ø Discrimination analysis - Extreme Gradient Boosting (XGboost)

(Kassambara, A., Mundt, F., 2020) 

(Chen, T., Guestrin, C., 2016)



Evaluation of Discrimination Performance

u Value of features for discrimination.

ü The gain value higher, the relative importance of feature is higher.

Comparison Average AUC 95% CI AUC Average 
Accuracy

95% CI 
Accuracy

Average 
Sensitivity

95% CI 
Sensitivity

Average 
Specificity

95% CI 
Specificity

eg. LvsG 0.84 0.83-0.85 0.71 0.7-0.73 0.73 0.72-0.75 0.8 0.79-0.82

Table Model performance to classify cows into diet treatments.

u AUC, accuracy, sensitivity and specificity were used to assess discriminative 
performance, with higher values indicating better discrimination performance. 

CI: confidence interval
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Results
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Plasma Metabolites

39 metabolites in cow plasma were identified and 741 metabolite ratios calculated.
Table The plasma metabolites were detected  by Liquid chromatography-mass spectrometry (LC-MS).



Results
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PCA Performance - diet discrimination 

PCA showed a weak effect of 
diet discrimination either using 
metabolites abundance data or 
metabolites ratio data.



Results
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XGboost - Dietary discrimination

When using metabolite ratio data 
instead of metabolite abundance data, 
The average AUC improved from 0.61 
to 0.75 and 0.70 to 0.84 in week 2 and 
week 4, respectively.

Metabolite ratios can improve the 
discriminant performance of dietary 
strategy .



Results
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week 2 week 4

Potential biomarkers 

In week 2:
arginine / tyrosine (gain = 32.7%) 

In week 4:
aspartic acid / valine (gain = 
44.1%) 

XGboost – Features importance of diet discrimination

Blue bar means the value lipogenic > glucogenic. 
Red bar means the value glucogenic > lipogenic.
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week 2

XGboost – Features importance of diet discrimination

week 4



Results
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week 2 week 4

PCA Performance comparison 

All metabolite ratios 

Top 10 metabolite ratios extracted 
based on XGboost model



Results
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XGboost – Lactation week discrimination

Metabolite ratios result in better 
discrimination performance than the 
metabolite abundances.

AUC, accuracy, sensitivity, and specificity 
value > 0.7. Model is stable.

week 2 vs. week 4



Results
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XGboost – Features importance of lactation week 
discrimination

Potential biomarkers 

lipogenic:
Choline (gain = 30.4%) 
Creatinine / Tryptophan (gain = 
52%) 

glucogenic:
Methionine (gain = 55.2%)
4-Hydroxyproline / Choline (gain = 
31.8%) 
Glutamine / Histidine (gain = 29.5%)

lipogenic glucogenic

Yellow bar means the value week 2 > week 4. 
Purple bar with means the value week 4 > week 2.



Conclusions
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Ø The XGBoost algorithm has good discrimination performance for different 

diets or lactation weeks in dairy cows.

Ø Ratios of metabolite abundances better discriminate dietary treatments in 

early lactation dairy cows  compared with standard metabolite 

abundances.
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Thank you
Questions

&
Answers


