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Abstract

This work was part of a project focused on the dpson of the relationship between milk urea and
reproduction parameters. The aim of this study twanodel the course of the urea concentration in
milk during the lactation. Approximately 18,000 ttelsly records from official milk performance
recording from 5 selected Holstein herds in thedGzBepublic were available. Several test-day
models differing in the definition of factors andcfor levels were compared. All effects were
considered to be fixed and each parity was treiatedseparate analysis. The model including fixed
effects of herd-test-day, season of calving, agédirsit calving (first lactation only), length of
previous calving interval (2 and subsequent lactations only) and the animatefhodeled by a™
order Legendre polynomials was chosen to be thd. bew all lactations, the milk urea
concentration showed the lowest values at the beggnand at the end of lactation, an increase of
these values during the first 3 months of lactadod a slow decrease in following months were
observed. The smallest level of milk urea concéiotnawas found in the first lactation and the
highest in the second one. This analysis confirms grevious findings from animal model
concerning the statistical significance of the alieffect, days in milk and HTD.

Introduction

Milk urea can be used as a tool to monitor profeeding efficiency and dietary protein-
energy ratio in dairy cows (Hof et al., 1997 andher et al., 1999). For this purpose, available
results from measurements of milk urea at time dk mecording can be used. It may help to
indicate the level of metabolic stress and theitmal status and health of cows (Rajala-Schultz e
al., 2001). The majority of studies about milk ureeve been based on experiments and have used
relatively small sample sizes; some studies haee fisld data from several herds (e.g. Eicher et
al., 1999 and Rajala-Schultz et al., 2001) or freent of the population (e.g. Wood et al., 2003).
Wood et al. (2003) suggest to evaluate a magnitifdgenetic and environmental factors that
influence milk urea concentration. The aim of thigdy was to model the course of the milk urea
concentration during the lactation.

Material and methods

The data analyzed in this study origin from sixestdd Holstein herds in the Czech
Republic. The data were collected on a monthlysadgthin the regular system of milk recording
from 2000 to 2003. Totally 17,796 test-day obseovet of milk yield, protein content, fat content
and concentration of milk urea from 1 603 cows wavailable. Extreme observations and those
obtaining after 328day in milk were excluded from analysis; the fidataset thus included 16,661
observations.

An analysis of variance of certain systematic e@ffemfluencing test-day milk urea
concentration (MU) was performed using the GLM jgare in the program package SAS (version
9.1) to test their contributions to the variationMU. The more detailed evaluations of stage of
lactation were performed using fixed regressiont-dey model without information about
relationship between animals. Each lactation weestéd in a separate model.

The contemporary groups were defined using hetedimg effect (HTD). The effect of age of
first calving was included into the model equation first lactation only. In the model for later
lactations, this effect was substituted by effdqireceding calving interval. Both these effectgave
divided into three subclasses. Season of calvirigrge months intervals was also included into the
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model. To model stage of lactation, fixed regrassam days in milk (DIM) using different
combinations of Legendre polynomials up tbdsder was included.

Ymnig = HTD; +S5; + A + Zﬁm Z, * € » Where:
=1

Yrmnkit IS the observed trait,

HTD; is the fixed effect of herd-test day

A is the fixed effect of age at first calving (fordfi lactation), respectively the fixed
effect of previous calving interval

S if the fixed effect of seasqgrof first calving

Lm are fixed regression coefficients specific to adima

Zin are covariates associated with DIM,

Emnkitjl is the residual effect.

Results and discussion

The overall unadjusted mean MU concentration, ngitdd, protein and fat content were
5.61 mmol/l, 27.16 kg, 3.36 % and 4.18 %, respebtivThe distributions of all observed traits in
each lactation were not significantly differentrfrarormal distribution. Means for yield traits were
within the range usually observed in Holstein cowshe Czech Republic. The mean milk urea
concentration for primiparous cows was lower thaa mmeans for either second or third lactation
(table 1). Similar situation was reported by DeelPetet Cant (1992), Wood et al. (2003) and
Hojman et al. (2004). On the other hand, oppodibdrison et Young, 2003) or no (Ferguson et al.,
1997 and Shepers et Meijer, 1998) relationship eetwparity and MU concentration were
reported.

Our findings concerning the statistical significanof certain systematic factors and their
contribution to the variation of observed traitsnfr ANOVA analysis were discussed in the study
of Jilek et al. (2005). The authors concluded tmilk urea significantly varied among herds,
control years, parities, seasons and stages @ftiact These conclusions were used for the model
bulding in the detailed analysis of the effectaafthtion stage.

The form of regression function (Legendre polynais)i and definition of environmental
effect were used according to the test-day modetldped for application in the Czech Republic.
Legendre polynomials of order 4 was chosen as phienal. The same order of this polynomials
was used by Wood et al. (2003) for estimation ofegie parameters for this trait. Figures 2 to 5
show regression fitting by models with differentler of polynomials.

The model used in our study explained the highasibunt of variability in MU
concentration; the R-square of the model rangedvdmt 0.91 — 0.95 for all three lactation.
Residual standard deviation was approximatelyighbg lower than SD of raw data.

The course of milk production and milk urea conicaion during the lactation is displayed
on figure 1.

The pattern of milk urea concentration during d#ioh is similar to the shape of lactation
curve. It is contradictory to many previous studidsich generally reported a mirror image of
typical curve for yield (DePeters et Cant, 1992od&rick et Clayton, 1997; Wood et al., 2003).
According to study of Carlsson et al. (1995), Spiteal. (2000), Godden et al. (2001) and Hojman
et al. (2004) MU concentration was the lowest imiatedly after calving and then it progressively
increased, leveled of and slowly declined towarel ¢éimd of lactation. The highest values were
found in the fourth month of lactation. Other autheeported this peak between 60 and 150 days in
milk (Godden et al., 2001), between third and sixtbnth of lactation (Carlsson et al., 1995) and
next to 300 days in milk (Hojman et al., 2004).duar study, the MU concentration peak was
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preceded by the lactation peak for 60 days, whepeaigin content has the lowest value at that
time.

Milk urea concentration is lower in first lactatidhan in second or third. The greatest
differences among first and latest lactations arthe beginning of lactation and the peak of MU
concentration in first lactation occurs later tharfollowing lactations. Second and third lactation
have very similar values from beginning of lactatitill peak of MU concentration; subsequent
decrease in the second lactation is slower thameithird one.

Conclusions

The optimal submodel for modeling course of mitkaiconcentration during the lactation is
the one with # order of Legendre polynomials. It will be used fiture investigations of
relationships between milk urea and reproducticfopmance in dairy cows.

The financial support from the project MZe 000270182 is acknowledged.
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Table 1 Basic statistics of data — overall means anddstahdeviations (in parentheses)

Trait First lactation |Second lactation Later lactations
No of observations 7,830 4,334 4,497

Milk yield (kg) 26.01 (6.91) 28.26 (9.74) 27.8299.9
Protein content (%) 3.36 (0.36) 3.37 (0.39) 3.831P)
Fat content (%) 4.18 (0.87) 4.13 (0.88) 4.004)
Milk urea (mmol/l) 5.48 (1.92) 5.83 (2.34) 5.8218)

Figure 1: The course of milk production and milk urea concaidn during the first, second and
later lactations
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Figures 2 to 5: Regression curves of milk urea concentration ors daynilk using different order of Legendre polyniata and means of milk
urea concentration in first, second and later tauria
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Legendre polynomial of order 4
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Legendre polynomial of order 3
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Legendre polynomial of order 5
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