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INTRODUCTION 
Mastitis is one of the most costly disease affecting dairy cattle. Therefore, strategies to reduce 
mastitis are important in decreasing costs and improving the quality of production, as well as 
for ethical and animal welfare reasons. In recent years genetic evaluation for mastitis resistance 
has received increasing attention in dairy cattle breeding, but only Nordic countries have 
included clinical mastitis directly in their selection programmes (Heringstad et al., 2000). 
However, direct selection for clinical mastitis has often been considered inefficient, as the 
heritability of mastitis is quite low (Emanuelson et al., 1988 ; Lund et al., 1994 ; Pösö and 
Mäntysaari 1996 ; Lund et al., 1999). Somatic cell count (SCC) is used as indirect measure of 
udder health. SCC is easy to record, and it has a higher heritability than mastitis incidence (e.g. 
Pösö and Mäntysaari, 1996). However, the efficiency of SCC as a selection criterion to reduce 
clinical mastitis depends on the genetic correlation between the two traits, and a wide range of 
studies have considered it to be moderate to high  (Emanuelson et al., 1988 ; Mrode and 
Swanson, 1996 ; Pösö and Mäntysaari, 1996 ; Mrode et al., 1998 ; Kadarmideen and Pryce, 
2001). Thus improving udder health through breeding can be based on indirect selection for 
SCC.  
 
In most countries, genetic evaluations for SCC are based on averaging SCC or log SCC over 
the lactation. However, analyses based on test-day SCC are more accurate, and it is already 
used in Canada and Germany for Holstein cattle. Accurate genetic evaluation based on test-day 
records depends on the application of correct model requiring a good knowledge about the 
magnitude of the genetic parameters. These parameters indicate whether the random regression 
or repeatability model is appropriate for test-day SCC analyses. The objective of this work was 
to estimate genetic and environmental parameters for test-day SCC in the first and second 
lactation of Finnish Ayrshire cattle using a multi-trait sire model. 
 
MATERIAL AND METHODS 
The data used for this study was extracted from the Finnish national milk-recording database. It 
comprised the first and second lactation test-day (TD) records of 31,395 Ayrshire cows that 
had their sampling dates between January 1988 and October 2001. Prior to analyses, the data 
on TD somatic cell counts were loge –transformed. Within both first and second lactation, five 
stages of lactation were defined on basis of days in milk (5-20, 31-60, 121-150, 211-240 and 
301-330 DIM). In the analyses, TD loge SCC from the different lactation stages were treated as 
genetically distinct traits (ten traits; means ± SD given in Table 1). 
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Table 1. Number of records, arithmetic means, and standard deviations (±SD) for loge 
SCC by test-day and lactation 

 
 Test-days/Traits* No. of records Mean loge SCC (±SD) 

1 9915 4.564 (1.26) 
2 16541 3.733 (1.18) 
3 15610 3.863 (1.20) 
4 14718 4.023 (1.18) 

 
 

First lactation 

5 8486 4.314 (1.18) 
1 7216 4.434 (1.41) 
2 12083 3.901 (1.40) 
3 11294 4.214 (1.26) 
4 10202 4.555 (1.11) 

 
 

Second lactation 

5 5003 4.909 (1.05) 
*Test-days/Traits: 1 = 5-20, 2 = 31-60, 3 = 121-150, 4 = 211-240 and 5 = 301-330 DIM 
 
Statistical analyses. Genetic parameters were estimated with DMU-package using multi-trait 
REML with a sire model. The analytical model used was :  
 
Yijklm = agei + mon.*yrj + hyk + b(DIM) + addl +eijklm 
 
Where : 
Yijklm = test day logeSCC; 
agei   = fixed effect of calving age; 
mon.*yrj = fixed effect of the calving month*calving year interaction; 
hyk  = fixed effect of herd * calving year  interaction; 
b(DIM) = a covariate of days in milk on trait Yijklm; 
addl  = random animal additive genetic effect; 
eijklm  = residual effect 
 
The cows were daughters of the 2293 sires. After completing the sire and maternal grandsire 
information for three generations, the size of the pedigree was 2609 sires. Because of 
computational limitations, traits were analysed 6 at the time, which required 4 REML runs to get 
all covariances estimated. 

 
RESULTS AND DISCUSSION 
Estimates of genetic parameters show that in the first lactation heritability (h2) of TD logeSCC 
was higher at the beginning of the lactation than at the end, but a fairly constant heritability 
estimates (ranging from 0.06 to 0.09) were observed in the second lactation (Table 2, Figure 1). 
In general, h2 estimates obtained from the first lactation were somewhat higher than those from 
the second lactation (h2 on average 0.10 and 0.07, respectively). The decreasing trend observed 
in the estimates of h2 at the beginning of lactation, and peak after mid-lactation is contrary to 
the reports of Mrode and Swanson (2001) and Haile-Mariam et al. (2001) who reported an 
increasing h2 estimates of daily logeSCC towards the end of 1st, 2nd and 3rd lactation. Liu et al. 
(2001) also reported increasing h2 as lactation progresses, which was explained by higher 

Session 09. Lactation and milk quality Communication N° 09-20 



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

genetic than phenotypic correlations between DIM of the same lactation. The difference in the 
trend of h2 from other studies could be related to the type of breed (Ayrshire) considered in this 
study. 
 
The genetic correlations across the test-days are also presented in Table 2. The results show 
that there is a higher genetic correlation between TD records close to each other. For instance, 
a genetic correlation of 0.84, 0.88 and 0.84 was observed between TD 1 and 2, 3 and 4 and 4 
and 5 in the first lactation, and a correlation of 0.81, 0.71 and 0.81 was observed between TD 1 
and 2, 3 and 4 and 4 and 5 in the second lactation. On the other hand in both lactations, TD 
records in early lactation had lower genetic correlation with the TDs at the latter part of the 
lactation. TD logeSCC of the second lactation seems to be less correlated than those in the first 
lactation, and correlations are higher within lactation TD logeSCC than between lactations. 
This result is parallel with other studies reporting that genetic correlations between adjacent 
TD records within lactation are higher, and decreases with increasing distance between TDs 
(Mrode and Swanson 2001 ; Haile-Mariam et al., 2001). 
 
Similarly, the environmental correlations within the first and second lactation are high between 
adjacent TDs, and were lowest between TD records at early stages and late stages of lactation. 
In this study the highest environmental correlation of 0.60 and 0.56 was observed between the 
3rd and 4th TDs both in the first and second lactations. The lowest environmental correlation of 
0.16 and 0.19 was observed between the 1st and the 5th TDs in the first and second lactations, 
respectively. Across lactations, the later TD records seem to have almost two times higher 
environmental correlation than the early TD records. 
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Figure 1. Trends in heritability of logeSCC in first and second lactation 
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Table 2. Heritabilities (diagonal), genetic (above diagonal) and environmental (below 
diagonal) correlations of test-day logeSCC for first and second lactation  

Test Days First lactation Second lactation Lactation 
Number Traits 1 2 3 4 5 1 2 3 4 5 

1 0.12 0.84 0.82 0.55 0.48 0.64 0.65 0.54 0.20 0.33 
2 0.39 0.08 0.81 0.74 0.59 0.54 0.81 0.67 0.35 0.48 
3 0.28 0.49 0.07 0.88 0.74 0.68 0.84 0.78 0.42 0.45 
4 0.24 0.40 0.60 0.12 0.84 0.68 0.84 0.88 0.65 0.80 

 
 
First 

5 0.16 0.31 0.46 0.59 0.10 0.66 0.81 0.85 0.76 0.81 
1 0.16 0.19 0.17 0.19 0.20 0.09 0.63 0.65 0.53 0.62 
2 0.16 0.19 0.23 0.25 0.24 0.52 0.07 0.81 0.61 0.61 
3 0.11 0.18 0.23 0.24 0.28 0.36 0.50 0.06 0.71 0.78 
4 0.08 0.14 0.21 0.26 0.31 0.24 0.36 0.56 0.08 0.81 

 
 
Second 

5 0.11 0.14 0.18 0.21 0.28 0.19 0.28 0.44 0.55 0.07 
 
CONCLUSION 
In both lactations the heritability of TD logeSCC at the first test after calving was higher than 
for the rest. The lowest value was estimated in mid-lactation, after the peak milk production. In 
general, genetic correlations between logeSCC on different test-days depend on how far apart 
the test-days are, and also on stage of lactation. Estimates clearly suggest that animals will 
have differences on breeding values on their SCC within lactation. Use of lactation SCC or 
repeatability TD model in estimation of breeding values would not recognise sires that have 
elevated TD SCC at the beginning of the lactation. The phenotypic correlation structure also 
suggests that the repeatability model, having constant correlation among DIMs, would not be 
appropriate.  
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