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INTRODUCTION 
The use of test day (TD) models has received considerable attention for the analysis of milk 
yield during recent years. The TD model approach better accounts for temporary 
environmental effects than do traditional lactation models, avoids the use of extended records 
and potentially facilitates implementation of cheaper recording schemes (Swalve, 2000 ; 
Jensen, 2001).  
Many different models have been investigated and, at present, no consensus exists on which 
models to use for genetic evaluations. Covariance functions (CF) and random regression (RR) 
models allows to model the covariance structure of TD milk yields, alleviating the problems 
associated with an oversimplified repeatability model or an overparameterised multivariate 
model (Jamrozik and Schaeffer,1997 ; Meyer, 1998b ; Swalve, 2000 ; Jensen, 2001). The 
covariance structure of repeated TD yields can be characterized by a covariance function, 
which is equivalent to RR if the same function is used (Meyer and Hill, 1997).  
Most of research on TD models has been carried out in countries with well-established 
breeding programs. In Brazil, the total number of dairy cattle under milk recording is relatively 
small. Local breeding programs based on artificial insemination progeny test for Zebu breeds 
(Costa et al., 2000 ; Verneque et al., 2000) has been established successfully. Attempts to 
improve accuracy of breeding value estimation by using more data per cow and to implement a 
more flexible recording scheme to dairy farmers support the importance to explore the 
potentialities of utilization of TD models for genetic evaluation, using all available records. 
The objective of this study is to determine (co)variance components and genetic parameters for 
TD milk yield of Brazilian Gir cattle and compare alternative random regression models. 
 
MATERIAL AND METHODS 
Data. Data provided by ABCZ (Brazilian Association of Zebu Breeders) comprised 15 328 
milk yield TD records of first lactation from 2095 Gir cows collected since 1990. TD between 
days 5 and 305 from parturition, time interval between successive tests less than 45 days and 
age of calving between 24 and 60 months were required. A further requirement was having 
contemporary group defined as herd-year-test month (HTM) containing at least four cows. The 
final data set comprised 8183 milk yield TD records of first lactation from 1273 cows in 69 
herds with an average and standard deviation for test day milk yield of 8.5 and 3.5 kg, 
respectively. Cows with records were daughters of 239 sires. The pedigree file including 
parental identifications defined the relationship matrix A. 
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Statistical analyses. Variance components were estimated by animal model REML using 
program “DXMRR” program (Meyer, 1998a). Six analyses were performed in this study using 
orthogonal Legendre polynomials (LP) of order 3, 4 and 5. Two methods of accounting for 
residual effect (measurement error = ME) were analyzed for each RR model. Firstly, it was 
assumed that the residual variance was constant during all lactation or ME = 1. Alternatively 
for ME = 4, the residual variance was assumed to be constant for TD measurements within, but 
different between the following groups of lactation period : 5-49, 50–119, 120–169 and 170–
305 days. The random regression equation model, assuming the same model fitted the fixed, 
genetic and environmental effects, is 

                2              m-1                  m-1                   m-1 
Yhmnkl = HTMh + Sm + ∑bpAn + ∑ βi Zi (t) +  ∑ αi Zi (t) +  ∑ γi Zi (t) + εhmnkl 

             p=1           i=0                   i=0                     i=0 
where Yhmnkl is the l observation taken at day in milk (DIM) z on animal k in HTM h, season m 
and age at calving n, in months, both as a linear and quadratic covariable, βi are the fixed, αi 
the random genetic and γi the random environmental regression coefficients, respectively, and 
εhmnkl is the random error associated with the specific test day record. DIM was standardized in 
the range –1 to +1 representing days 5 to 305. Details of the log-likelihood, assumptions and 
estimation of variance components modeled  with orthogonal polynomial regressions has been 
presented (Meyer and Hill, 1997 ; Meyer, 1998b). 
 
RESULTS AND DISCUSSION 
Estimates of residual variance (σ2

e) decreased as the order of the model increased, but the 
differences were small (Table 1). Generally σ2

e was largest at the beginning and at the end of 
the lactation than in mid lactation for ME=4. Log-likelihood functions increased slightly with 
increasing order of polynomial fit. Also, in terms of Akaike’s information criterion (AIC), the 
model with the best fit was the polynomial of order five with four ME classes. 
 
Table 1. Number of parameters (NP), estimated residual variances (σ2

e) log likelihood (£), 
and Akaike’s information criterion (AIC)A from Legendre polynomials of order (K=3, 4 
and 5) for two measurement error (ME) classesB 
 

K           3            4              5 
ME H a      b       c        d H a        b        c        d H a        b        c        d 
NP 13 16 21 24 31 34 

 σ2
e 0.83 1.94  0.73  0.62  

1.28 
0.73 1.75   0.67   0.60   

1.01 
0.68 1.57   0.61   0.58   

1.32 
£ -

7032 
  -6888 -

6953 
  -6852 -

6878 
    -6801 

AIC 14090 13804 13948 13751 13817 13670 
AAIC= Akaike`s information criterion, as from Meyer (2001). 
B(H for ME=1 and a=5-49 , b=50–119, c=120–169 and d=170–305 days for ME=4). 
 
The pattern of genetic correlation estimates was consistent over all models, declining from 
near unity between adjacent yields to negative values between the beginning and the end of 

Session 17. Estimation of additive and non-additive genetic parameters Communication N° 17-07   



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

lactation. Moderate estimates were obtained for yields in middle lactation. Estimates for 
polynomials of order five are given in Table 2. 
 
Table 2. Estimates of genetic parametersA of daily milk yields for selected days in milk 
(DIM) estimated from Legendre polynomial of order five and two classes of ME 
 

Heritability DIM 5 25 45 125 165 265 285 305 
ME=1 ME=4 

5 - 0.98 0.95 0.80 0.69 0.23 0.04 -0.19 0.47 0.69 
25 0.98 - 0.99 0.88 0.78 0.31 0.11 -0.12 0.63 0.71 
45 0.94 0.99 - 0.93 0.83 0.37 0.18 -0.06 0.68 0.67 

125 0.76 0.87 0.93 - 0.97 0.62 0.45 0.21 0.56 0.53 
165 0.63 0.77 0.84 0.98 - 0.76 0.61 0.39 0.42 0.40 
265 0.11 0.28 0.38 0.65 0.78 - 0.97 0.88 0.28 0.30 
285 -0.08 0.08 0.19 0.47 0.61 0.97 - 0.96 0.25 0.27 
305 -0.31 -0.17 -0.07 0.20 0.35 0.83 0.95 - 0.22 0.32 

A Additive genetic correlation estimates for ME=4 and ME=1 below and above the diagonal, 
respectively. 

 
Except the polynomial of order five for ME=1 (Table 2), all other models yielded similar and 
very high heritability estimates, which were consistent across the various models decreasing 
from around 0.70 at early lactation to 0.30 at later days in milk. This pattern is contrary to 
those reported by Olori et al. (1999) and Brotherstone et al. (2000). The estimates obtained by 
Jamrozik and Schaeffer (1997) and Kettunen et al. (2000) were also higher than expected 
when using a logarithmic function (Ptak and Schaeffer, 1993) to fit RR models. Also they 
observed negative genetic correlations at the extremes of the lactation period. This has been 
justified by deficiencies in the definition of cow permanent environmental effects (Kettunen et 
al., 2000). Regression on orthogonal polynomials do not require prior assumptions about the 
shape of the lactation curve. In comparing parametric and orthogonal polynomials for the 
analysis of TD records of Holstein cows, Brotherstone et al. (2000) found that parametric 
curves yielded the best fit, but produced negative estimates of genetic correlations between 
early and late lactation.  
A particular explanation for high estimates in this study would be the data structure. No 
restrictions were imposed to short lactations. Pool and Meuwissen (2000) concluded that 
estimating variance components by random regression using complete lactation records 
improved the goodness of fit. Incomplete lactation records might affect the weighting of data 
points because the model has to extrapolate the lactation record. 
Permanent environmental correlation estimates (not shown) followed the same pattern as 
genetic correlation estimates except for early lactation. Estimates between day 5 and days 45 
and 125 were lower than those for later days in milk. 
No specific pattern was observed for estimates of (co)variance components and correlation for 
random  regression coefficients. Genetic correlation estimates were in general strong and 
ranged from  – 0.77 (a0,a4) to 0.84 (a1,a4) and were larger than corresponding permanent 
environment ones for LP of order five with ME=4 (Table 3).  
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Table 3. EstimatesA of genetic and permanent environment (co)variance (kg2)and 
correlation between regression coefficients (ai) for polynomial of order five and ME=4 
 

 a0 a1 a2 a3 a4  a0 a1 a2 a3 a4 
Genetic  Permanent environment 

a0  4.228 -0.626 -0.222  0.409 -0.777   3.382 0.544 -0.412 -0.088 -0.074 
a1 -1.589 1.522 -0.144 -0.200  0.840   0.375 0.141 0.258 -0.375  0.072 
a2 -0.134 -0.052  0.087 -0.488  0.014  -0.378 0.048 0.250  0.140 -0.449 
a3  0.161 -0.047 -0.028  0.038 -0.595  -0.046 -0.040 0.020  0.082 -0.871 
a4 -0.161 0.104  0.000 -0.011  0.010  -0.032 0.006 -0.053 -0.059   0.056 

AEstimates of variance on the diagonals, correlation and covariance estimates above and below the 
diagonal respectively. 
 
CONCLUSION 
The orthogonal Legendre polynomial employing five random coefficients to model animal 
genetic and permanent environmental effects best fitted the data. Heritability estimates for this 
model depended on assumption about ME. Residual variances were not homogeneous, but no 
significant differences were observed for genetic and permanent environmental variances 
when fitting different classes of measurement error across lactation. Further studies including 
more data and evaluating parametric polynomials is needed to select an appropriate RR model 
for breeding value estimation for Gir cattle in Brazil.  
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