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SUMMARY 
Genetic parameters are relevant in selection program for animal breeding. 

The use of the best method for genetic evaluation of dairy cattle is very 
important in production. The test day model appears to be a better alternative 
of 305-day lactation model because early selection on the basis of test-day 
could reduce generation interval. It could economize the genetic evaluation of 
dairy animals and improve accuracy of evaluation. The objective of this study 
was to determine the genetic parameters represented by heritability for test-
day milk yields and the correlations between test-days milk yields, the 
breeding value for Montbeliarde cows in first lactation. The model used was 
random regression test day animal model. The data set consists of 254 test day 
records from 28 cows in first lactation. The average number of test day per 
lactation was about nine. The heritability estimates ranged from 0.356 at the 
100th day in milk to 0.437 at the 10th day in milk. 

Keywords: animal breeding, genetic parameters, random regression 
model, test day records. 
 
 

INTRODUCTION 
Montbeliarde breed has adapted very well to the climatic conditions in 

Romania and the disease resistance is good, the milk quality and quantity are 
high. 

Recently, in the genetic evaluation of dairy cattle were used the test-day 
models. Random regression model has been used for analysing test day yield 
as suggested by Schaeffer and Dekkers (1994). There are several potential 
advantages from using the test-day models: milk recording agencies may not 
need to collect many yields per cow per lactation, and this could result in lower 
costs to dairy producers, the generation intervals can be reduced as genetic 
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evaluations can be performed sooner using all test day records available and 
the ability to account for environmental effects on each test-day and to model 
individual lactation curves (Schaeffer et al., 2000). The benefits of test-day 
models and analysing TD yields by random regression methodology have been 
thoroughly discussed (Swalve 2000; Jensen 2001). In the literature many 
studies have been recently used RRM to estimate genetic parameters for 
production traits (Cobuci et al., 2005; Mrode and Thompson, 2005; Misztal, 
2006; Takma et al., 2007; Kim et al., 2009; Dzomba et al., 2010; Cobuci and 
Costa, 2012; Bohlouli and Alijani , 2012; Gharahveysi et al., 2012). Many 
analyses by random regression models (RRM) use Legendre polynomials 
(Kirkpatrick et al., 1990; Van der Werf, 1997) as basic functions. 

The inclusion of random regression coefficients to describe permanent 
environmental effects led to a more precise estimation of genetic and non-
genetic effects that influence milk yield. The objective of this study was to 
estimate the genetic parameters using random regression models in the 
evaluation of test-day milk yield in first-lactation Montbeliarde cows, using the 
restricted maximum likelihood (REML) method. 
 
 

MATERIAL AND METHODS 
In this study were analysed 254 test day records from 28 Montbeliarde 

cows at the first calving from experimental farm of National Research-
Development Institute for Animal Biology and Nutrition in the period 2011-
2012. The number of sires was 19 and the number of dams was 27. 

Analysis of test day records was performed using the REML procedure in R 
software (a program built by the team). Estimation of variance components 
was done using the following random regression animal model.  

Linear model is described as follows: 
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where: 

tijky  test day (TD) milk yield record ”k” of cow ”j” in first lactation 

measured at time ”t”; 

iTD  TD effect ”i”’; 

m  fixed regression coefficient; 

jm  random regression coefficients for the breeding value; 

jm  random regression coefficients for the permanent environmental 

effect; 
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tmz  Legendre Polynomials at time ”t”; 

tijke  residual error. 

Legendre polynomials (Kirkpatric et al., 1990) of order 3 were used for 
both additive genetic and permanent environmental effect as random 
regression. 

In the matrix notation the model became: 

eZZXbXy   2121  

where: 
y = vector of TD milk yield record;  
X1 = incidence matrix for fixed effect; 
B = vector of fixed effect for TD; 
X2 = covariates matrix for fixed effect; 

 fixed regression coefficients; 

Z1 = covariates matrix for all animals; 
 random regression coefficients for the breeding value; 

Z2 = covariates matrix for cows with records; 
  random regression coefficients for the permanent environmental 

effect; 
e = vector of residual effects. 
The following (co)variance structure was assumed for random effects of 

model: 
 

V=  

where: 

Var (a) = AG; 
Var (a) = additive variance; 

Where  is Kronecker product function; 

Var (p) = IP; 
Var (p) = environmental variance; 
I = identity matrix with the size equal with the number of cows with 

records; 

 = residual variance for lactation assumed to be constant throughout 
the lactation ; 

G and P are the matrices of genetic and permanent environmental 
variances and covariances between random regression coefficients. 
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The Mixed Model Equations (MME) are: 
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The number of iterations needed for estimates to converge was 18 for 

milk yield. The convergence criterion (Schaeffer, 1999) was: 

 
G = initial calculated; 
G1 = calculated at first iteration; 
H = G1-G; 
C1 = H2; 

C2 = ; 
 
The estimates of heritability for milk yield during days in milk at time t 

were obtained by: 

 

where: 

 = heritability for milk yield during days in milk at time t, 

= genetic variance for milk yield during any days in milk at time t, 

 ; 

; 

= permanent environmental variance for milk yield during any days in 
milk at time t; 

= co(variables) related to a specific test day l measured during days in 
milk at time t; 

= residual variance. 
The estimates of genetic correlations between test-day at times t’ and t 

milk yields were calculated by: 

 

where: 

 = genetic correlations between test-day at times t` and t milk yields; 

 = genetic covariances between two test days during days in milk; 

 ; 
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 = transpose of z; 
The analysis considered test-day milk yields between the 9th and 305th 

days of lactation after calving. Analysis of test day records was performed 
using the REML procedure in R software (a program built by the team). The 
estimation of breeding value (EBV) was calculated for 305 days using the 
formula: 

 



3

0

305

m

tmjm zEBV   

 
 
RESULTS AND DISCUSSION 
Average milk yield and standard deviation of milk yield due to different 

test days are shown in Table 1. With the onset of lactation period, milk 
production increased and reached its maximum in TD3 (21.25) and then 
decreases. This change has also been reported by Gharahveysi et al. (2012). 

 
Table 1. Mean standard error and standard deviation of test day milk yield 

Test day Mean 
Standard 
deviation 

Number of cows 

1 16.67±1.20 
 

2.08 3 

2 20.80±1.08 3.42 10 
3 21.25±0.93 3.51 14 
4 19.18±1.22 5.33 19 
5 20.04±0.77 3.80 24 
6 20.75±0.67 3.56 28 
7 20.38±0.63 3.35 28 
8 17.96±0.57 3.03 28 
9 18.09±0.63 3.36 28 

10 15.34±0.61 3.23 28 
11 15.4±0.73 3.69 25 
12 14.39±0.71 3.03 18 

Mean daily yield 18.33±0.26 4.17  

 
As can be observed from Figure 1, an increasing trend was observed 

towards day 70, followed by a short plateau and then a decreasing trending for 
milk production. 

In Table 2 are presented the best 17 cows based on their breeding value 
for 305 days.  
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Figure 1. – Overall lactation curve for standard days in milk 

 
Table 2. Breeding value for 305 days of the best Montbeliarde cows used in our study 

No. Estimated breeding value 

1 889.5077 
2 552.0067 
3 487.0019 
4 441.7090 
5 353.1606 
6 344.1019 
7 327.8939 
8 302.6957 
9 247.1338 
10 230.6976 
11 208.0459 
12 199.3173 
13 187.1610 
14 158.1119 
15 151.8500 
16 64.0035 
17 9.1758 

 
As shown in Figure 2, positive and negative deviations from the mean 

were observed. The difference between medium and other lactation curve 
surfaces is used for the evaluation of lactation persistence. Figure 2 showed 
good lactation persistence for most of the cows taken into account in our 
study. 
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Figure 2. Lactation curve for the best Montbeliarde cows used in our study 

 
The genetic and environmental variance estimates throughout lactation 

and the heritability for daily yields are shown in Table 3. Genetic variances 
were high at the beginning and at the end of lactation; our results were similar 
to those observed by Zavadilova et al. (2005). The genetic and environmental 
variance were considered to be homogeneous throughout the lactation period.  
The results obtained showed that environmental factors were higher at the 
beginning and the end of lactation due to artefact created by Legendre 
Polynomial in agreement with the observation of Cobuci et al. (2005). Also 
Jamrozik et al. (1997) and Cobuci et al. (2005) reported the same phenomenon 
regarding genetic variance during the first days of lactation. 

 
Table 3. Estimates of genetic and environmental variances for selected days in milk and 
the heritability for daily yields. 

Days in milk Genetic variance Environmental 
variance 

 
Heritability 

10 5.33 2.05 0.437 
40 3.95 1.53 0.383 
70 3.45 1.34 0.357 

100 3.43 1.34 0.356 
130 3.60 1.42 0.364 
160 3.76 1.49 0.372 
190 3.81 1.51 0.374 
220 3.71 1.47 0.370 
250 3.55 1.41 0.362 
280 3.50 1.39 0.360 
305 3.72 1.47 0.371 
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In the chart presented in Figure 3 can be observed the presence of the 
artefact between 10th and 70th DIM and between 280th and 305th DIM; the 
accuracy was low due the artefacts produced by Legendre polynomial. 

Figure 3. Heritability curve for standard days in milk 
 

The heritability estimates ranged from 0.356 at the 100th DIM to 0.437 at 
the 10th DIM (Table 3). After 100th DIM the heritability slowly increased. The 
analysis showed a low variation in the heritability of milk yield by DIM.  

High estimates of heritability (0.59-0.40) for daily milk yield have been 
reported by Jamrozik and Schaeffer (1997) when using function of Ali and 
Schaeffer (1987). Also, high heritability estimates for milk yield during different 
lactation periods, ranged from 0.154 to 0.455, were observed by Kim et al. 
(2009). In the same study, a sudden increase in heritability during the early 
lactation period (between the 20th and 25th DIM) was observed.  

The analysis showed a broad variation in the heritability of milk yield by 
DIM (Figure 3). In our study heritability increased slightly between the early 
and the middle lactation. After the 215th DIM, heritability slowly decreased. 
The highest estimate of heritability was 0.455, at the 215th DIM, and the lowest 
one was at the 305th DIM. Similar results on the heritability of daily milk 
production were observed by Gharahveysi et al. (2012). Takma and Akbas 
(2007) reported heritabilities for test day milk yield ranged from 0.07 to 0.32 
and observed that the test day milk yields at beginning and end of lactation 
have lower heritability than test days in the middle part. Cobuci et al. (2005) 
obtained heritability ranged from 0.15 to 0.31 with a gradual increase 
throughout lactation for Holstein cows using random regression model. 
Behmaram (2010) obtained heritability of milk production for Montbeliarde 
cattle 0.23. Cobuci and Costa (2012) obtained by different models the 
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heritability estimates ranged from 0.07 to 0.43 for daily milk for the first 
lactation. 

Genetic correlation estimates between test-day milk yields during the 
selected lactation periods obtained by random regression models are shown in 
Table 4.  

 
Table 4. Genetic correlation estimates between selected days in milk (DIM) of daily 
yields 

DIM 10 40 70 100 130 160 190 220 250 280 305 

10 1 0.96 0.84 0.68 0.54 0.44 0.37 0.34 0.34 0.36 0.38 
40 0.96 1 0.95 0.86 0.75 0.66 0.60 0.56 0.54 0.52 0.49 
70 0.84 0.95 1 0.97 0.90 0.84 0.79 0.75 0.71 0.65 0.57 
100 0.68 0.86 0.97 1 0.98 0.94 0.91 0.87 0.82 0.73 0.63 
130 0.54 0.75 0.90 0.98 1 0.99 0.97 0.93 0.88 0.79 0.66 
160 0.44 0.66 0.84 0.94 0.99 1 0.99 0.97 0.92 0.83 0.70 
190 0.37 0.60 0.79 0.91 0.97 0.99 1 0.99 0.95 0.87 0.75 
220 0.34 0.56 0.75 0.87 0.93 0.97 0.99 1 0.98 0.92 0.82 
250 0.34 0.54 0.71 0.82 0.88 0.92 0.95 0.98 1 0.97 0.90 
280 0.36 0.52 0.65 0.73 0.79 0.83 0.87 0.92 0.97 1 0.97 
305 0.38 0.49 0.57 0.63 0.66 0.70 0.75 0.82 0.90 0.97 1 

 
Genetic correlations between individual test days tended to decrease at 

the extremes of the lactation trajectory. The genetic correlations are positive. 
Cobuci et al. (2005) and also Costa et al. (2008) have also been reported 
positive genetic correlations between test-day milk yields during the selected 
lactation periods for Holstein cows. 

 
 
CONCLUSIONS 
Genetic evaluation using random regression model reduces the generation 

interval decreasing economical costs and improving the accuracy of the 
evaluation. The inclusion of random regression coefficients to describe 
permanent environmental effects led to a more precise estimation of genetic 
and non-genetic effects that influence milk yield. Over the lactation length, 
daily breeding values can be computed for each animal from the random 
regression coefficients. Genetic lactation curves can be obtained for each 
animal by plotting these daily breeding values against days in milk and 
differences between curves for different animals can be studied. 

The analysis showed a slightly variation in the heritability of milk yield by 
days in milk. The high heritability estimates ranged from 0.356 at the 100th DIM 
to 0.437 at the 10th DIM. Genetic correlations between individual test days 
were positive and tended to decrease at the extremes of the lactation curve. 
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The random regression model provides the possibility of genetic evaluation for 
persistence of lactation. 
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