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INTRODUCTION 
The somatic cell count (SCC) is a reliable indicator of the mammary gland status and milk 
quality. SCC has been routinely recorded at monthly intervals together with production traits, 
and now, test day yields or SCC have been used, instead of lactation records, for parameter 
estimation and genetic evaluation in a increasing number of countries (Interbull, 2000). On the 
other hand, random coefficient models are becoming increasingly popular to analyze 
longitudinal data analysis. Several polynomial adjustments are proposed in the literature. The 
aims of this study were to evaluate the behaviour of fitting two of them, the so-called Ali-
Schaeffer and Maza functions and their combinations and to estimate the genetic parameters 
for first lactation somatic cell score (SCS) in Portuguese dairy cows. 
 
MATERIAL AND METHODS 
Test day records were provided by EABL (Estação de Apoio à Bovinicultura Leiteira) and 
correspond to first lactation somatic cell counts of dairy cows, initiated in the period of January 
1994 to October 1997. Edits were based on lack of proper identification, lack of information on 
birth, calving or test date, test days intervals lower than 26 days or more than 35 days, lack of 
first measurement between days 5 and 32. Records of cows calving before 18 months of age or 
later then 36 months were rejected, as well as those missing records on somatic cell counts in 
the first eight test days. The somatic cell counts were transformed into a logarithmic scale 
(SCS=log2 (SCC/100)+3), so that the single trait considered in all the analysis was SCS in day 
of test. To decrease the total number of different combinations of days in milk (DIM), and 
hence computing requirements, the number of lactation stages or DIM at which tests took place 
was reduced from 365 days to 12, by grouping observations into classes of DIM. The study 
was undertaken with 63 124 observations on 6 179 cows in 260 herds, mainly from the North 
of Portugal. The model for analysis was : 
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where  is the lth observation on SCS, made on cow , within the kth group of AM and the 
ith HTD ; HTD (herd – year of test – class of month of test day) and AM (age class at calving 
(3 classes) – month of test day (12 months)) are fixed effects ; , α  and γ  are the fixed 

and random (genetic and permanent-environment) regression coefficients, respectively ;  is 

the m-powered variable in the polynomial evaluated and ε  is the random residual. 
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Measurements errors were expected to have heterogeneous variances over the DIM, and so 12 
measurements errors were defined, each one for each DIM considered. 
The analysis was carried out via the Random Regression Animal Model, and REML was the 
estimation method. Maza (Maza et al., 2002 ; Robert-Granié et al., 2002) and Ali - Schaeffer 
(Ali and Schaeffer, 1987) functions were used to model the additive and permanent 
environmental effects due to the animal, and the same polynomials were included in the model 
as fixed regressions. Both functions can be viewed as particular cases of fractional polynomials 
with power vector values equal to (-1/3,-1/3) and (0, 0, 1, 2) respectively for Maza and Ali-
Schaeffer. Various combinations of these two functions for the fixed and random regressions 
were fitted. The module DxMRR of the Meyer’s DFREML software package (MEYER, 1998) 
was used for the calculations. From the various algorithms options for maximizing the 
likelihood offered by the program, AIREML was chosen as it is faster than the others 
(Brotherstone et al., 2000). 
 
RESULTS AND DISCUSSION 
The models were identified by three letters, according to the function used to fit each part, i.e. 
AAA means that the model use Ali-Schaeffer function for fixed (F), genetic (G) and permanent 
environmental (PE) regression effects ; MMM means that the model use Maza function for F, 
G and PE effects ; in the AMM model, the Ali-Schaeffer function is used for F and the Maza 
function for G and PE ; and so on. 
 
The phenotypic and environmental permanent variances were quite identical for the eight 
models tested. The genetic variances followed an identical pattern for six of the eight models ; 
the exception were MAM and AAM for which the variances were higher than in the other 
models. Corresponding “daily” heritabilities are shown on figure 1. The estimates of 
heritability from the AMA and MAA models were higher. The results from the other models 
were more consistent, decreasing from the first DIM (0.06) to the second DIM (0.02) and 
increasing gradually to the end (0.10). In a general way, estimates for heritabilities were 
relatively low, which is in agreement with other studies (e.g. Schutz et al., 1994 ; Reents et al., 
1995 a, b ; Liu et al., 2001). Because of the special results obtained with models AAM and 
MAM, they were discarded from this study ; their rather singular behaviour remains to be 
clarified. 
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Figure 1. Heritability estimates for daily SCS with 8 models 
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The SCS repeatability overall mean at each DIM was higher at DIM 19 (0.88), decreased at 
DIM 49 (0.42) and gradually increased until the end (0.65). 
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Figure 2. Genetic correlations between a specific DIM and the remaining DIM of the 
lactation 
 
The genetic correlations (GC) between a specific DIM and the remaining part of lactation SCS 
are represented in figure 2. The GC between DIM 19 and the others, estimated with AMA and 
MMA models, are in agreement with the trend seen in other studies (e.g. Liu et al., 2001), 
becoming smaller as the time interval between test days increases ; the same correlations 
estimated with other models showed a different behaviour, increasing from mid-lactation on, as 
clearly shown in the AAA model results. The GC between DIM 172 and the others, showed the 
same magnitude for all models, except those estimated with AAA and MAA models, for which 
the values were lower. The same occured for DIM 350 vs. the remaining lactation. 
 
The environmental permanent and phenotypic correlations followed the same pattern in the six 
models, although with some variations for MMM and AMM models. 
 
Model comparisons were made via the Akaike (-2AIC) and Schwartz criteria (-2BIC). Results 
in the table 1 show that AMA ranks first on both criteria and displays generally a very regular 
pattern of change over time. 
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Table 1. Models Ranking  
 

Models -2AIC -2BIC Rank 
(-2AIC) 

Rank 
(-2BIC) 

AMA 96033,7 96332,5 1 1 
AAA 96069,1 96449,4 2 2 
MAA 96170,1 96550,3 3 4 
MMA 96214,2 96512,9 4 3 
AMM 96670,3 96887,5 5 5 
MMM 96703,9 96921,2 6 6 

 
CONCLUSIONS 
Analyses of test day records from the first lactation SCS of Portuguese dairy cows resulted in 
low estimates of heritability. Estimates of genetic correlations between consecutive test day 
SCS were large, but became significantly smaller as the time interval test days increased, with 
some exceptions for some models. Modelling the end points is still a challenge. The AMA 
model ranked the first and required less parameters and computational effort. Much work is 
needed not only for investigating new polynomial adjustments, as those already proposed in the 
literature, but also for formerly investigating different function fits to the different parts (F, G 
and PE) of the model.  
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