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1 Introduction

(1) Protein in the feed is the most expensive 

raw material

(2) After feed protein enters the cow body, 

It is mainly metabolized in different forms of 

nitrogen (N), such as amino acids, ammonia, urea,

etc.

(Aguirre-Villegas et al., 2017)

(3) N use efficiency (NUE) = 
Milk N
N intake

(dairy cow)

(Wattiaux, 2014) 
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According to the literature, only from 15% to 45 % of the N 

intake of cows is converted into milk N

(Grelet et al., 2020)(Cantalapiedra-Hijar et al., 2018)

Where did the N 
intake go?

1 Introduction
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N intake (100%)

Milk N 
(28%)

Milk true 
N 

95% 5%

Milk urea 
N

Fecal N (33%)
Urinary N (38%)

Total 71%

Pollute water 
and land

(Adapted from Spek et al. 2013) 

Body (1 %) 
A example: cow in the US

1 Introduction

We need to improve the 
N use efficiency (NUE) of 
cow 



1 Introduction

However, many proxies may represent the N use efficiency (NUE) of cows



• (1) Predicted N use efficiency (PNUE) =
Milk N

𝐏𝐫𝐞𝐝𝐢𝐜𝐭𝐞𝐝 𝐍 𝐢𝐧𝐭𝐚𝐤𝐞

• (2) Predicted N losses (PNL) = Predicted N intake - Milk N 

• (3) Predicted N intake (PNintake)

• (4) Milk urea concentration (MU)

1 Introduction

However, many proxies may represent the N use efficiency (NUE) of cows

We select below four proxies of NUE to do this study:



• (1) explore the curves for four proxies of NUE in the first 50 days 
in milk 

2 Objectives

• (2) estimate the heritability of four proxies of NUE

• (3) analyze the relationship between four proxies of NUE



• Time: from 2012 to 2019 

• Place: Walloon Region of Belgium

• DIM : from 5 to 50
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Parity_class 1 2 (2 to 5) Total

Records 44,321 99,274 143,595

Cows 35,350 42,468 53, 660 

3.1 Material

The records inclued mid-infrared spactra, parity, milk yield, and 

milk urea concontration (MU)



3.2 Methods

PNUE, PNL, PNintake, and MU

Get the correlation between the four proxies

Get the (co)variance of the four proxies

Multiple-traits 

repeatability model  

Mid-infrared spectra, parity, milk yield

Support vector machine 

regression 



Predicted models of the PNUE, PNL, PNintake

3.2 Methods

Multiple-traits repeatability model 



4.1 Results
Predicted N use efficiency Predicted N losses

Predicted N intake Milk urea concentration
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4.2 Results

Heritability of the four proxies are from low to moderate, ranging from 0.08 to 0.17 

Note: stand errors for h2 of all are less 0.01
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4.2 Results

Range of genetic corrlations between the four proxies is from -0.77 to 0.99 



MU1 MU2+

PNUE1 0.02 ± 0.06 -0.02 ± 0.05

PNUE2+ -0.10 ± 0.05 0.02 ± 0.04

4.2 Results

PNL1 PNL2+

PNUE1 -0.77 ± 0.03 -0.61 ± 0.05

PNUE2+ -0.55 ± 0.04 -0.79 ± 0.03

PNintake1 PNintake2+

PNL1 0.94 ± 0.07 0.80 ± 0.03

PNL2+ 0.76 ± 0.03 0.90 ± 0.05

MU1

MU2 0.99 ± 0.01

Genetic corrlation between Predicted N 

use efficiency and Predicted N losses

Genetic corrlation between Predicted N use 

efficiency and milk urea concentration

Genetic corrlation between milk urea 

concentration

Genetic corrlation between Predicted N 

losses and Predicted N intake
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4.2 Results

Rang of phenotypic correlations between the four proxies is from -0.43 to 0.63 



PNintake1 PNintake2+

PNL1 0.58 ± 0.01 0.16 ± 0.01

PNL2+ 0.15 ± 0.01 0.63 ± 0.01

4.2 Results

Phenotypic correlation between Predicted N use efficiency and Predicted N losses

PNL1 PNL2+

PNUE1 -0.43 ± 0.01 -0.11 ± 0.01

PNUE2+ -0.11 ± 0.01 -0.47 ± 0.00

Phenotypic correlation between Predicted N losses and Predicted N intake 



• (1) The curves for Predicted N use efficiency (PNUE)     , Predicted N 
losses (PNL)    ,   Predicted N intake (PNintake)    ,     and    milk urea 
concentration (MU)            
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5 Conclusions

• (3) The correlations between 

• PNUE and PNL are high negative

• PNUE and MU are low

• PNinatke and PNL are high positive

• (2) The PNUE, PNL, PNintake, and MU have low or moderate 

heritability in early lactation



• Advantage

• Predicted using mid-infrared spectroscopy

• Cheap 

• Large scale

6 Advantage and limit

• Limit

• Predicted N use efficiency (PNUE), Predicted N losses (PNL), and Predicted N 
intake(PNintake) are only available for the early lactation
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