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INTRODUCTION 
The merit of using test day milk yield (TMY) over the use of standardised 305-day milk to 
evaluate the genetic merit for milk production in dairy cattle has widely been acknowledged. 
Evaluation based on standardised 305-day or total lactation milk yield (LMY) milk has been 
criticised for not effectively accounting for effects that are specific to individual TMY because 
contemporary groups are formed on year-season of calving (Jamrozik and Schaeffer, 1997; 
Rekaya et al., 1999). Use of TMY data in genetic evaluation programmes requires accurate 
estimates of genetic and phenotypic parameters of specific TMY records. Several test day 
models (TDM) and evaluation strategies exist for genetic evaluation of dairy cattle and 
different countries have adopted some of these models in their routine genetic evaluation 
(Swalve, 2000; Jensen, 2001). Milk recording in Kenya is heterogeneous with seldom standard 
recording schemes. In most case, evaluations have been based on either standardised 305d milk 
yield or total lactation milk yield. One way of overcoming this is use of TMY records in 
determining the genetic merit of breeding cows and bulls. However, the challenge remains on 
which TDM to be used in genetic evaluation of dairy cattle populations. To achieve this, the 
suitability of using various TDM under the existing economic and environmental 
circumstances has to be investigated. This paper presents result of an ongoing study to 
determine the suitable TDM in genetic evaluation of dairy cattle populations using TMY 
records of Sahiwal cattle.  
 
MATERIAL AND METHODS 
Test day records from the first three lactations of Sahiwal cows at the National Sahiwal Stud 
(NSS) obtained from 1978 to 2002 were used in this study. First TD was sampled between day 
2 and 15 post partum, while the second TD was sampled between day 16 and 31. Time interval 
between successive tests was approximately 30 days allowing for a maximum of eight TD. 
Variance components were estimated using multivariate TD models based on restricted 
maximum likelihood. A preliminary fixed effect analysis was done to determine the significant 
affects to include in the models. Only fixed effects that significantly influenced TMY were 
therefore fitted. Two sets of analyses were performed. In the first analysis, a multivariate 
repeatability models was used under which the TMY records within lactation were considered 
as repeated traits and the three lactations treated as separate traits (Rekaya et al., 1999). The 
shape of the lactation curve was accounted for by fixed regression of yield on days in milk 
(DIM), while the additive genetic effect of the animal was modelled as a constant for each 
DIM. The equation of the model applied in this case was as follows:  
 
y a g e b D IM b D IM g p e eijk l i jk l jk l jl jl ijk l= + + + + + +µ ( ) ( )2  

 
where yijkl is the TMY in animal j, in lactation l (l = 1, 2, 3) and TD k (k = 1,…,8), µ is the 
mean TMY for cows in lactation l,  agei is  the fixed effect of age class i (i =1,…,8), b and b2 
are the linear and quadratic effect of DIM in animal j and lactation l on TD k, respectively, gjl is 
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the additive genetic effect of animal j in lactation l, pejl is the permanent environmental effect 
of animal j in lactation l and eijkl is the error term. The year of calving or of TD sampling were 
from 1978 to 2002 each with four seasons: January to March for the first dry season; April to 
June for the main wet season; July to September and October to December as the secondary 
dry and wet seasons, respectively. Age at calving was grouped into 8 classes as; 30 to 39 
months, 40 to 49 months, 50 to 59 months, 60 to 69 months, 70 to 79 months, 80 to 89 months, 
90 to 99 months and >100 months. In the second analysis, a model similar to that used in the 
first analysis was used and the eight TMY in the three lactations were considered as separate 
traits. In this case, TMY in the three lactations were pooled together and treated as repeated 
measures in each lactation.  
 
RESULTS AND DISCUSSION 
Table 1 shows the estimates of variance components, heritability, repeatability, and genetic and 
phenotypic correlations in the first analysis. All the variance components showed a tendency to 
increase with lactation number except for additive genetic variance in lactation 2. The 
differences in the estimates of variance components across lactation could be attributed to 
changes in mean TMY across lactations. A similar trend was observed in variance components 
using TMY data of Spanish Holstein-Friesians (Rekaya et al., 1999). The additive genetic 
variance reported in this study is lower than what has been reported in Spanish Holsteins 
(Rekaya et al., 1999). The differences in the estimates could be attributed to the high mean 
TMY in Holsteins compared to the Sahiwal.  
 
Table 1. Additive genetic (σa

2), permanent environmental (σpe
2) and residual (σe

2) 
variances, heritability, genetic and phenotypic correlation and repeatability (r) in the first 
three lactations under multivariate repeatability modelsA 
 

Lactation Component  LactationB  
 σa

2 σpe
2 σe

2  1 2 3 r 
1 0.85 1.40 1.68  0.22 0.60 0.61 0.58 
2 1.32 1.45 1.67  0.29 0.30 0.61 0.52 
3 0.97 1.63 1.83  0.27 0.37 0.22 0.59 

AStandard errors for heritability estimates and genetic correlations ranged from 0.04 to 0.06 and from 0.10 
to 0.14 in both models, respectively. 
BHeritabilities (diagonal), genetic (above diagonal) and phenotypic (below diagonal) correlations. 
 
A comparison of residual variances between lactations showed that they were highest in the 
third lactation. The large residual variance associated with the third lactation could be due to 
changes in the mean lactation milk yield and other sources of variation not accounted for in the 
model such as length of the dry and gestation period influencing subsequent lactations. 
Increased residual variance in later lactations has also been reported elsewhere (Teepker and 
Swalve, 1988; Rekaya et al., 1999). 
 
Heritability was highest in lactation 2 and this is attributed to an increase in the additive genetic 
variance (Table 1). Repeatability estimates of TMY in the same lactation tended to be large for 
the first and third lactation. Repeatability estimates were comparable to those reported by 
Lidauer et al. (2003). Genetic correlations were moderately high. Phenotypic correlations were 
correspondingly lower than genetic correlation estimates. Genetic correlations were higher 
between lactation one and three in both models than between lactations one and two. To the 
contrary, phenotypic correlations were higher between adjacent lactations than non-adjacent 
ones. Similar trends in the genetic and phenotypic correlation estimates between lactations 
have been reported by Rekaya et al., (1999) in the Holstein-Friesian population in Spain.  
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Table 2 Heritabilities (along diagonal), genetic (above diagonal) and phenotypic (below 
diagonal) correlations the pooled data setA 

 
TDB TMYB 
 1 2 3 4 5 6 7 8 
1 0.27 0.50 0.45 0.40 0.44 0.50 0.41 0.34 
2 0.37 0.26 0.55 0.47 0.55 0.56 0.45 0.45 
3 0.37 0.41 0.26 0.57 0.51 0.59 0.61 0.61 
4 0.35 0.32 0.41 0.26 0.57 0.53 0.50 0.50 
5 0.35 0.35 0.40 0.41 0.25 0.60 0.55 0.52 
6 0.38 0.36 0.43 0.41 0.43 0.27 0.65 0.57 
7 0.36 0.33 0.44 0.40 0.42 0.46 0.25 0.68 
8 0.36 0.36 0.47 0.43 0.44 0.47 0.50 0.30 
AStandard errors for heritability estimates and genetic correlations ranged from 0.06 to 0.17 and from 0.06 
to 0.18, respectively. 
BTMY, test day milk yield; TD, test day. 
 
Heritability estimates of, and genetic and phenotypic correlations between TMY are shown in 
Table 2. Heritability estimates were relatively stable across lactation and ranged from 0.25 to 
0.30, and are comparable to those reported for British-Holsteins (Pander et al., 1992) and 
Australian Black and White cows (Meyer et al., 1989) but lower than the range of estimates 
obtained using random regression TD models (Jamrozik and Schaeffer, 1997; Kettunen et al., 
1998). Genetic correlations among TMY ranged from 0.34 to 0.68. Phenotypic correlations 
were correspondingly lower. The genetic correlations estimated in this study were lower than 
those reported in the literature (e.g. Pander et al., 1992; Jamrozik and Schaeffer, 1997; Vargas 
et al., 1998), but within the ranges of those reported by Kettunen et al. (1998). Contrary to 
studies elsewhere (Jamrozik and Schaeffer, 1997), there was no tendency of genetic and 
phenotypic correlations to decrease as the distance between TD increased. Such inconsistencies 
have also been reported (Pander et al., 1992; Vargas et al., 1998). 
 
In Kenya, and other developing countries, TDM would be more attractive to use for genetic 
reason because they can help to reduce the generation interval and produce a more accurate 
estimate of genetic merit. The cost of field performance recording is overwhelming and no 
homogenous milk recording schemes are currently in place. Such situations can be handled 
with ease if TDM can be adopted because daily milk recording can be replaced with recording 
on certain predetermined days.  
 
CONCLUSION 
This study has demonstrated the potential of using TMY in determining the genetic merits of 
dairy sires and cows. This implies that use of TMY records is not only desirable but also 
necessary in production systems constraint by lack of the necessary infrastructure for proper 
milk recording as is the case in Kenya. In this study, a fixed regression TDM was used. This 
model does not account for individual differences in lactation curve and assumes a constant 
additive genetic and permanent environmental variance throughout the lactation. Therefore 
further research is required to explore the use of random regression models in genetic 
evaluation. Random regression models are more robust because individual genetic variation in 
the cause of the lactation can be estimated and EBV can be presented in the form of lactation 
curve or persistence which can supplement the information on genetic merit for yield. 
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