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INTRODUCTION 
Surplus nitrogen, which the cow does not use for maintenance or production, is converted in 
ammonia and subsequently in urea. Urea is excreted in blood and urine. Due to the osmotic 
balance between blood and milk, blood urea can freely diffuse into the milk (Jonker et al., 
1998). There is a clear relationship between the crude protein content of the feed and feeding 
time and the amount of urea in blood, plasma, milk and urine (Roseler et al., 1993; Gustafsson 
and Palmquist, 1993). Therefore, milk urea might be used to monitor the protein and energy 
status of the cow (DePeters and Ferguson, 1992). European legislation will start using milk 
urea content to monitor mineral efficiency of farms. Few studies estimated genetic parameters 
for milk urea concentration. The current study aims to estimate heritability and correlations for 
urea, net energy of the milk and fat, protein, lactose and milk yield.  
 
MATERIAL AND METHODS 
Animals. This study is part of the Milk Genomics Initiative. A total of 2090 primiparous cows 
from 400 farms spread over the Netherlands were selected for the project. They descent either 
from one of five proven bulls (963 cows), one of fifty test bulls (921 cows) or 46 other proven 
bulls (206 cows). The NRS (Dutch Cattle Syndicate, Arnhem, the Netherlands) provided the 
pedigree of the animals back to 1928. All cows were over 87.5 percent Holstein-Friesian. At 
the start of the experiment, at least five cows were present on each farm. 
 
Milk samples. Cows were sampled three times in the period February-June 2005, and at first 
sampling they were at maximum 220 days in lactation. Cows were milked twice daily, but milk 
samples contained only morning milk. Milk samples were taken during routine morning milk 
recording. For conserving purposes, 0.03 percent w/w of Natrium-Azide was placed in the 
bottles before sampling. Time-span between milk samples ranged from 4 to 8 weeks. Records 
were discarded if less than two samples per cow were available and when herd-test day classes 
contained less than three animals. Records were also discarded when lactation-stage was above 
335 days. For the analysis 5581 test-day records were used. 
 
Chemical analyses. Urea was determined at the Milk Control Station (MCS, Zutphen, The 
Netherlands) using Infra Red Spectroscopy and a Fourier-transformed interferogram 
(MilkoScan FT 6000, Foss Electric, Denmark).  Milk, fat, protein and lactose yields of the 
same milk samples were also available. Energy content of the milk samples was calculated 
using a formula by Tyrrell and Reid (1965): NEm= 0.384 (%fat) + 0.223 (%protein) + 0.199 
(%lactose) – 0.108, where NEm is the net energy value of the milk sample in MJ/ kg. 
 
Statistical analysis . The following animal model was used for genetic analysis: 
 

yijklmno = µ + b1*dimijklmn + b2*e-0.05*dim +b3*afcijklmn + b4 *afcijklmn
2 + sci + scodej+ HTDk + 

animall + pm + eijklmn  
 
Where y is the dependent variable and µ is the general mean. Days-in-milk (dim) was a 
covariate with both a linear and exponential term, modelled after the Wilmink curve (Wilmink, 
1987). Age-at-calving (afc, measured in days) also was a covariate, with both a linear and a 
quadratic term. Season of calving (sc) consisted of 3 classes; summer (June-August 2004), 
autumn (September-November 2004) and winter (December 2004-February 2005) calving. 



 

Sire-code (scode) was a fixed effect adjusting for differences in genetic level between the 
daughters of proven bulls and daughters of test bulls. Herd-test day (HTD) was taken as 
random effect, since there are only three to five cows per HTD-class. A random effect of 
permanent environment (p) was included in the model to account for repeated measurements. 
Genetic parameters of urea and other traits were estimated using the statistical package of 
ASReml (Gilmour et al., 2002). Heritabilities were estimated using univariate analyses and 
correlations were estimated using bivariate analyses. Heritabilities were calculated as 
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RESULTS AND DISCUSSION 
Mean and variation. Urea has a high coefficient of variation (33 percent) (Table 1). The 
coefficient of variation for milk yield traits is rather consistent (around 20 percent), while the 
coefficient of variation for net energy value of the milk is 10 percent. 
 
Table 1. Means and standard deviations of urea and milk production traits measured on 
primiparous cows during morning milking 
 
Traits X  s.d. CV (%)* 
Urea (mg/ 100 g) 20.39 6.71 33 
Fat yield (kg) 0.55 0.11 20 
Protein yield (kg) 0.46 0.09 20 
Lactose yield (kg) 0.60 0.13 22 
Milk yield (kg) 13.00 2.74 21 
NEm (MJ/ kg) 3.25 0.31 10 

*CV is the coefficient of the variation, calculated as std.dev./mean. 
 
Heritability estimates. Milk urea has a relatively low heritability of 0.14 (Table 2). Yield 
traits have a heritability ranging from 0.34 for protein to 0.47 for lactose yield. The heritability 
estimate for net energy of milk (NEm) was 0.56. A number of studies have reported heritability 
estimates for milk urea (Mitchell et al., 2005; Wenninger and Distl, 1993; Wood et al., 2003). 
Estimates ranged from 0.06 to 0.44. Based on Test-day records, Mitchell et al. (2005) 
estimated a heritability for urea in first parity cows of 0.22 using IR spectroscopy and 0.14 
when urea content was determined using wet chemistry. Wenninger and Distl (1993) estimated 
a heritability for urea of 0.06 in German Simmental and a heritability of 0.25 for German 
Brown cattle. Wood et al. (2003) estimated a heritability of 0.44. However, in their model 
milk, fat and protein yields were used as covariates. 
 
Table 2. Correlations between milk urea and yield traitsA, estimated from morning milk 
samples of primiparous cows, and variation explained by herd-test day. 
 
TraitsB  Urea Fat yd Prot yd Lact yd Milk yd NEm  herd C 
Urea 0.14 0.41 0.38 0.22 0.24 0.21  58 
Fat yield -0.01 0.37 0.75 0.58 0.59 0.36  7 
Protein yield  -0.02 0.61 0.34 0.86 0.89 -0.32  10 
Lactose yield -0.06 0.60 0.93 0.47 n.e. D -0.61  5 
Milk yield -0.11 0.65 0.94 n.e. D 0.44 -0.59  5 
NEm 0.09 0.67 -0.12 -0.22 -0.22 0.56  6 

AHeritabilities on the diagonal. Phenotypic below, and genetic correlations above the diagonal. 
BStandard errors of estimates were between 0.05 and 0.10 for heritabilities, around 0.02 for phenotypic correlations 
and between 0.02 and 0.22 for genetic correlations 
CPercentage of variation due to herd-test day as ratio of the total phenotypic variance  
DNon-estimable 



 

Correlations. Phenotypic correlations between urea and other milk production traits are low, 
ranging from -0.11 to 0.11 (table 2). Godden et al. (2001) found negative correlations between 
milk urea and milk yield, though this relationship was no longer observed after correcting for 
fat and protein percentage. Genetic correlations are moderate to low (table 2). Wood et al. 
(2003) found a low genetic correlation between urea and milk yield (0.11) and correlations of 
approximately zero between urea and fat yield (0.01) or protein yield (0.04). In the current 
study, these correlations were 0.24 (urea and milk yield), 0.41 (urea and fat yield) and 0.38 
(urea and protein yield). The estimated genetic correlation between urea and NEm was 0.21. 
 
Effect of Herd-test day and lactation stage. The effect of herd-test day explains up to 58 
percent of the phenotypic variation in milk urea content (table 2). For milk production traits 
this percentage is in the range of 5 to 10 percent. This indicates that herd-test day has a 
substantial effect on milk urea content. Wood et al. (2003) described similar effects. The effect 
of herd-test day not only consists of farm management effect but also seasonal effects. 
Lactation stage has a significant effect on milk urea. This has also been observed by a few 
other studies, although the direction of the effect is not consistent among studies; Most studies 
report an increase of milk urea with advancing lactation from around the second month 
onwards (a.o. Wood et al., 2003), leading to a lactation curve of milk urea similar to those of 
fat and protein percentage. However, Jonker et al. (1998) found a curve similar to this study 
(result not shown): a peak around day 63 and slowly decreasing thereafter, which resembles the 
lactation curve of milk yield. 
 
CONCLUSION 
Heritability of milk urea content is estimated at 0.14. There is a large effect of herd-test day on 
urea level. Breeding for decreased urea levels is possible, but due to the positive genetic 
correlations with yield traits genetic progress will be slow. 
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