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INTRODUCTION 
Milk urea can be used as an indicator for the energy – protein balance in dairy cow diets and as 
a predictor of nitrogen excretion (Jonker et al. 1998; Godden et al. 2001; Wattiaux et al. 2005). 
Furthermore, high blood urea concentrations have been associated with impaired reproduction 
(Butler et al. 1996). Wood et al. (2003) have shown that a large part of the variation in milk 
urea is genetically determined. Therefore, a cow’s genetic merit should be taken into account 
when making predictions about the energy – protein balance in the diet. Furthermore, estimated 
breeding values (EBVs) for milk urea may be used to reduce nitrogen excretion of dairy cattle. 
The objective of this study was to estimate variance components of test-day milk urea of Dutch 
dairy cattle.  
 
MATERIAL AND METHODS 
Data. Milk urea test-day records of Dutch dairy cattle were retrieved from the NRS database. 
Milk urea concentration was measured by infrared spectrometry using MilkoScan 4000 (2001-
2004) and MilkoScan FT6000 (2004-2005) from FOSS Electric, Hillerød, Denmark. Data edits 
were 5≤days in milk (DIM)≤450, ≥4 records per lactation, ≥10 daughters per sire, ≥8 records 
per herd test, ≥25 herd tests per herd. To reduce the size of the data set, herds were selected 
randomly, while maintaining the edits. There were no restrictions with respect to parity and 
breed of the cow. Pedigree information was traced back as far possible and unknown parents 
were assigned to phantom groups based on breed, birth year, sex of the animal and sex of the 
unknown parent.  
 
The final data set for genetic parameter estimation comprised 831,937 test-day records from 
92,844 lactations of 48,041 cows in 514 herds. Test-day records were from parity 1 (32%), 2 
(25%), 3 (18%), and ≥4 (25%). Average milk urea concentration was not different for cows in 
different parities, but was higher at the end of lactation (around 25 mg/100g) compared to the 
start of lactation (around 22 mg/100g). Phenotypic standard deviation of milk urea was around 
10 mg/100g. The pedigree comprised 96,655 animals and 107 phantom groups. 
 
Model. The milk urea test-day records were analysed with a random regression test-day model: 
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where: 
yijklmnorspd milk urea test-day record of cow r on DIM d of parity p; 
pdi parity x DIM class i (1735 classes); 
pysdj parity x year of calving x season of calving x DIM class j (828 classes); 
payk parity x age at calving x year of calving class k (305 classes); 
pspl parity x stage of pregnancy x calving interval class l (153 classes); 
ywm year of test x calendar week of test class m (104 classes); 
htdn herd x test date n (19,936 classes); 
zdq order q Legendre polynomial coefficient for DIM dr (Kirkpatrick et al. 1990), 

where dr=min{d,365}. In this manner, test-day records with DIM>365 were 
treated as DIM = 365 with regard to the regression effects; 
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hyopq herd curve effect of herd x year of test o (2570 classes) corresponding to 
polynomial q of parity pr, where pr=min{p,3} (De Roos et al. 2004). In this 
manner, parity>3 was treated as parity=3 with regard to the regression effects; 

agrpq additive genetic effect of animal r (96,762 classes) corresponding to 
polynomial q of parity pr; 

perpq permanent environmental effect of animal r (48,041 classes) corresponding to 
polynomial q of parity pr; 

lpsq lactation specific permanent environmental effect of lactation s (40,612 
classes) corresponding to polynomial q. Only lactations with parity>3 were 
assigned to this effect. In this manner, these lactations had one ‘common’ and 
one ‘specific’ permanent environmental effect (Lidauer et al. 2000); 

eijklmnorspd residual. 
 
The herd x test date effect was treated as random. The herd curve effect, the additive genetic 
effect and the permanent environmental effect were random regression effects with 3 parities x 
5 Legendre polynomial coefficients = 15 coefficients. The lactation specific permanent 
environmental had 5 coefficients. Residual variances were defined within classes of parity (5 
classes) and DIM (27 classes within parity). The variance components were estimated using a 
Bayesian analysis with Gibbs sampling (Pool et al. 2000). Heritabilities were computed as the 
additive genetic variance divided by the sum of additive genetic, permanent environmental and 
residual variance. After the variance components were estimated, a national genetic evaluation 
was performed using all available milk urea test-day records.   
 
RESULTS AND DISCUSSION 
After removal of burn-in, a total of 831,880 iterations were used to compute posterior means, 
while the number of independent samples was at least 51 across all parameters. Figure 1 shows 
the estimated test-day standard deviation of all random effects for parity 1. The results for the 
other parities were very similar. The herd curve effect modelled the long term differences 
between herds (as a function of parity and DIM), whereas the herd test date effect modelled the 
variation between tests within a herd. From Figure 1 it can be concluded that the variation 
between tests within a herd was much larger than the variation between herds. Furthermore, the 
variation between herds was larger at the end of the lactation than at the start. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Estimated test-day herd curve, herd test date, additive genetic, permanent 
environmental and residual standard deviation of milk urea in parity 1.  
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Figure 1 also shows that the additive genetic standard deviation was larger than the permanent 
environmental standard deviation. This means that in the long term, differences between cows 
within a herd were mainly due to genetic differences. However, the residual standard deviation 
was large, so large differences in test-day milk urea not explained by the model. This may 
partially be due to measurement errors of the infrared spectrometry method. 
 
Table 1 shows the estimated standard deviation of test-day milk urea, averaged across DIM, 
and lactation average milk urea for parity 1. Standard deviations for lactation average milk urea 
should be interpreted as the standard deviation of the lactation average milk urea, if cows had 
been sampled daily from DIM 5 to 365. Table 1 shows that the herd test date standard 
deviation and residual standard deviation were relatively small on the lactation average scale. 
Both on the test-day level (i.e. short term) and lactation level (i.e. long term) the additive 
genetic standard deviation was larger than the herd curve standard deviation and the permanent 
environmental standard deviation. This means that a large proportion of the differences in milk 
urea is genetic. The heritability of test-day milk urea and lactation average milk urea was 0.29 
and 0.73, respectively. Mitchell et al. (2005) found an heritability of test-day milk urea 
nitrogen (MUN) of 0.22, whereas Wood et al. (2003) found an heritability of lactation average 
MUN of 0.44 for parity 1. 
 
Table 1. Standard deviation (mg/100g) of test-day milk urea (averaged across DIM) and 
lactation average milk urea for parity 1. 
 
effect test-day milk urea lactation average milk urea 
herd curve 3.2 2.9 
herd test date 4.9 0.3 
additive genetic 4.0 3.5 
permanent environment 2.8 2.1 
residual 5.5 0.3 
phenotypic 9.4 5.1 
 
A national evaluation of milk urea was performed with 4.4 million test-day records of 350,000 
cows, using a similar model and the estimated variance components as presented in this paper. 
This evaluation showed that, on average, pure-bred Brown Swiss cows had genetically around 
5 mg/100g higher milk urea than Holstein and Jersey cows. Dutch Friesian, MRIJ and 
Montbéliarde cows were intermediate. Wattiaux et al. (2005) also found a large difference in 
MUN between Brown Swiss and Holstein. Holstein bulls with at least 50 daughters with milk 
urea tests had EBVs between –10.7 and +8.0 mg/100g. Correlations between bull EBVs for 
milk urea and all other official EBVs (e.g. milk production, protein%, fertility, udder health, 
longevity, type traits) were negligible. Further research should explain the origin of the genetic 
differences in milk urea, i.e. are EBVs for milk urea an indicator for protein utilisation 
efficiency or total nitrogen excretion? 
 
CONCLUSION 
Residual variances for test-day milk urea were relatively large. Short-term variation in milk 
urea within a herd was larger than the long-term variation between herds. Variation in lactation 
average milk urea between cows within a herd was mainly genetic. EBVs of Brown Swiss 
cows were on average 5 mg/100g higher than Holstein and Jersey cows. Bull EBVs for milk 
urea were uncorrelated to all other official EBVs. 
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