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GENETIC ANALYSIS OF MILK YIELD IN HOLSTEIN FRIESIAN CATTLE IN 

ETHIOPIA USING TEST-DAY MODELS 

 

ABSTRACT 

 

A clear definition of breeding goal and accurate selection of breeding animals depends 

on well-organized performance recording and animal evaluation system. As Ethiopia is 

currently embarking on a national herd performance recording and animal evaluation 

system, genetic analysis for the estimation of genetic parameters for milk yield and 

identification of the modern and accurate animal evaluation models is essential. The 

objectives of this study were to select best test-day model(s) (TDM), estimate genetic and 

phenotypic parameters using the selected models, predict the genetic merit of animals 

and assess the relative performance of lactation average model (LAM) versus random 

regression test-day model (RRM) for milk yield in Holstein Friesian herds in Ethiopia. 

For this study, data from the first three lactations of Holstein Friesian cows that calved 

between 1997 and 2013 was used. The data comprised of 13,421 test-day milk yield 

records from 800 cows from two large dairy herds of Holstein Friesian. Variance 

components were estimated using the average information restricted maximum likelihood 

method fitting single trait first and multi-lactation animal models. The genetic merit of 

animals was evaluated using the best linear unbiased prediction method. In the first 

model comparison, TDM with intercept, linear, quadratic (RRM2) and cubic (RRM3) 

orders of Legendre polynomials fitted for additive genetic and permanent environmental 

effects were compared. The RRM3 model was favored by all model comparison criteria. 

However, the analysis of eigenvalues of additive genetic covariance matrix indicated that 

the addition of a third order Legendre polynomials explained only about 0.07 percent of 

the additive genetic variation. Moreover, the estimates of genetic parameters from RRM3 

model were not logical and implausible biologically. On the other hand, the competing 

RRM2 model was less parameterized and gave biologically reasonable parameter 

estimates across lactation and was best fit to the variance structures of the data set. The 

next model selection was carried out for modeling the permanent environmental effects 

using RRMs of varying either intercept, first, second or third order of Legendre 
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polynomials whilst fitting with the same second order for additive genetic effects. The 

result suggested that at least a second or higher order Legendre polynomials fits are 

needed to model properly the permanent environmental variance structure for the 

accurate estimation of genetic parameters for test-day milk yield. The estimates of genetic 

parameters from the best selected RRM2 model for first lactation data showed that 

heritability estimates for test-day milk yield ranged from 0.17 to 0.29. It was lowest at the 

beginning and highest at and around 230 days in milk. The genetic and phenotypic 

correlations between milk yield at different test-days ranged from 0.37 to 0.99 and 0.29 to 

0.71, respectively. Genetic correlations for adjacent days in milk were close unity and 

decreased as the distance between test-days increased. In multi-lactation RRM2 model 

analysis, the heritability estimates from first, second and third lactations ranged from 

0.20 to 0.26, 0.15 to 0.27 and 0.17 to 0.28, respectively. Across lactation genetic 

correlations between first and second, second and third and first and third lactations on 

305-d basis were 0.88, 0.83 and 0.70, respectively. These correlations were much lower 

than one. This implies that different lactations should be treated as different but 

correlated traits in a multi-lactation analysis. The estimated breeding values for milk 

yield from RRM2 model showed a higher standard deviation compared to LAM indicating 

that TDM makes efficient use of TD information. Correlations of breeding values between 

RRM2 and LAM models ranged from 0.90 to 0.96 for different groups of sires and cows 

and marked re-rankings were observed in top sires and cows in moving from the 

traditional LAM to RRM evaluations. In general, this study found that the less 

parameterized RRM2 model fits best the variance structure in the data. A multi-lactation 

analysis of test-day milk yield is the best strategy for the accurate genetic evaluation in 

Holstein Friesian herds for milk yield. The use of TDM than LAM will lead to more 

efficient utilization of available information resulting in more accurate estimates of 

breeding values. In view of the trait considered in this study, other important traits should 

be included in the herd performance recording practices and future estimates of genetic 

parameters should include several breeding goal traits. 

Key words: Breeding Value, Dairy Cattle, Genetic Parameters, Milk Yield, Random 

Regression Test-Day Model. 



1. INTRODUCTION  

 

Ethiopia has the largest cattle population in Africa, approximately 53.99 million heads, of 

which 55.48 percent are female. The indigenous breeds accounted for 98.95 percent, 

while the hybrids and pure exotic breeds were represented by 0.94 and 0.11 percent, 

respectively (CSA, 2013). The number of milking cows accounted for about 10.7 million 

and the total milk production was approximately 4.1 million tons per annum (CSA, 2011). 

Seventy seven percent of all milk produced in Ethiopia comes from cattle with the 

remaining coming from goats and camels (LSA, 2015). Dairy products accounted for 

about half of livestock output (Feleke and Geda, 2001). Milk is mainly produced by 

smallholders, and provides relatively quick returns for small-scale producers and is an 

important source of cash income. Moreover, in most tropical environments, milk 

production is an important part of livestock farming (de Leeuw et al., 1999). Rapidly 

increasing population size with a growing urban population is resulting in a growing 

demand for dairy products in tropical countries. However, the productivity of cows is 

extremely low. As a result, improving the genetic potential of dairy cattle has been taken 

as one of the options to increase milk productivity in local herds through crossbreeding 

(Haile et al., 2009; Nibret, 2012).  

 

Genetic improvement of livestock in particular is a cost effective technology, producing 

permanent and cumulative changes in performance (Wall et al., 2010). Milk yield is one 

of the most important production trait in dairy cattle and improving milk yield through 

genetic selection would be one of the sustainable means of improving farm profitability. 

In dairy production, genetic change and improvements in milk production performance 

are realized when the parents of the next generation of animals are accurately chosen. 

However, factors related to lack of performance recording, small herd size, insufficient 

artificial insemination services and lack of clearly defined breeding objectives have been 

the main problems (Gebremedhin, 2008; Effa et al., 2011) for genetic improvements of 

dairy cattle in Ethiopia. Furthermore, there is still a gap in the use of advances for the 
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estimation of the genetic merit of animals especially applying modern statistical 

methodologies.  

 

For instance,  the genetic analysis for milk yield in most tropical countries is based on the 

use of the traditional 305-d lactation records (Hammoud and Salem, 2013; Goshu et al., 

2014). In this method, incomplete lactations or part lactations are extended to 305-d, 

leading to introduction of some biases. Moreover, the arbitrary standardization of 

lactation yields to 305-d and the simple compilation of test-day (TD) records into 305-d 

lactation records, as practiced in most countries, suffers from lack of correction for short 

term environmental effects (Schaeffer et al., 2000). Thus, with 305-d lactation average 

model (LAM) short term changes in environment during lactation are usually ignored, 

and a simple herd-year-season effect is often used to account for the average of 

environmental effects on each TD (Bilal and Khan, 2009). Besides, the projection factors 

used to extend incomplete or part lactations assume a standard shape of the lactation 

curve for a cow of a particular breed and lactation number. With such an assumption, 

cows that have greater persistency could generally be underestimated, whilst those that 

are less persistent could be overestimated which could cause a bias in sire evaluation if 

persistency is heritable (Bilal and Khan, 2009).  

 

Accurate estimation of the genetic merit of dairy animals has long been the subject of 

many studies and great advances have so far been made in the last several years. Test-day 

models (TDM) nowadays have received considerable attention for the evaluation of the 

genetic merit of dairy cattle for production traits (Jensen, 2001; Interbull, 2012). There 

has been considerable interest in modeling individual TD records for genetic evaluation 

of dairy cattle rather than the traditional use of a single 305-d milk yield (Jensen, 2001). 

By definition, a TDM is a method of evaluating daily production of milk, fat, protein and 

somatic cell count considering effects for each TD. A TDM would need to incorporate the 

general shape of the lactation curve (Trus and Buttazzoni, 1990; Stanton et al., 1991) and 

it accounts accurately for the TD environmental effects affecting all cows on the same 
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TD. Furthermore, effects specific to a particular cow on a given TD such as days carried 

calf, days open and disease can be considered. 

 

There are several advantages of using TDM. Some of these are the more precise 

adjustment for temporary environmental effects on the TD, avoidance of the use of 

extended records for culled cows and for records in progress, and the possibility of 

genetic evaluation for persistency of lactation (Jensen, 2001). In addition, records from 

single and early TD can be used in animal evaluations which enable farmers to make an 

earlier selection decisions (Negussie et al., 2008). In general, the use of TD records 

directly as opposed to 305-d accounts for all the factors affecting milk yield on each TD. 

It improves the accuracy of genetic evaluation and provides better modeling and 

extending of part lactation is no more needed (Wiggans and Goddard, 1996).  

 

Various TDMs are applied in different countries among them the repeatability TD model 

(REP) and random regression TD model (RRM) are widely used for genetic analysis of 

dairy production traits. The REP model has been the most extensively used model (Ptak 

and Schaeffer, 1993; Kaya et al., 2003). Under this model, consecutive TD samples from 

the same lactation are considered as repeated observations on the same trait (Vargas et al., 

1998) with a genetic correlation of one. The use of TD records fitting RRM on the other 

hand has several benefits including ability to account for environmental factors that affect 

cows at different stages of lactation (Jamrozik and Schaeffer, 1997; Swalve, 2000; 

Jensen, 2001) and account for individual differences in the shape of lactation curve, 

which includes the persistency of the lactation (Reents, 1996; Pool and Meuwissen, 

1999). The RRM also permits the use of incomplete lactations and the subsequent 

inclusion of a large amount of data from the same animal in genetic evaluations 

improving the accuracy of estimation of animal’s genetic merit (Bignardi et al., 2011). 

The type of TDM and functions used for modeling the genetic and environmental 

variations in TD data and modeling of lactation curves varied with the type of trait, data 

structure and the population in question.  
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So far, most genetic analysis of milk yield in Ethiopia has been based on LAM. A genetic 

analysis based on LAM does not utilize all information in the data, as it does not allow 

simultaneous estimation of stage of lactation effects (Ødegard et al., 2003). Meanwhile a 

dairy herd performance recording system is established in Ethiopia which will allow 

genetic evaluation that utilizes all TD data from herds under recording. Evaluation of the 

genetic merit for milk yield may benefit from analyses based on the TDMs. So far, 

Gebreyohannes (2013) worked on Ethiopian multi breed dairy cattle populations kept in 

research centers as first step for the application of RRM for the estimation of genetic 

parameters based on TD records. However, still there is limited information on the 

applicability of TDM evaluation methods in the tropical dairy production systems and 

particularly estimates of genetic parameters and breeding values for Holstein Friesian 

cattle in Ethiopia fitting TDMs are in general lacking. The use of accurate model 

definition in genetic analyses and estimates of parameters contributes to increased 

efficiency of selection programs.  

 

Therefore objectives of the study were: 

 

 To identify appropriate test-day model(s) for the genetic analysis of milk yield for 

Holstein Friesian cattle in Ethiopia. 

 To estimate variance components and the corresponding genetic parameters for 

milk yield in first and multi-lactation analyses fitting test-day animal models. 

 To predict the genetic merit and compare the performances of the traditional 

lactation average versus random regression test-day animal models in the genetic 

evaluation of Holstein Friesian cattle for milk yield in Ethiopia. 
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2. LITERATURE REVIEW  

 

2.1. Dairy Production Systems in Ethiopia 

 

Dairy production is an important component of livestock farming in tropical countries (de 

Leeuw et al., 1999). Ethiopia holds large potential for dairy development. The huge and 

diverse livestock population, varied and favorable agro-ecology for dairying, increasing 

demand for dairy products in urban and peri-urban areas and long-standing culture of 

dairy products consumption are the indicators of the importance and potential of dairying 

in the country (Tegegne et al., 2013). The dairy sector in Ethiopia can be categorized into 

three major production systems based on type of breed, purpose of holding, scale and 

production intensity (Gebre Wold et al., 2000; Reda, 2002): traditional smallholder 

dairying consisting of mixed farming systems in the highlands, and pastoral and agro-

pastoral system in the lowlands using indigenous breeds; urban and peri-urban dairying 

raising crossbred and/or indigenous breed and commercial dairying consisting of large 

private and state farms commonly raising pure exotic and/or high-grade breeds.  

 

2.1.1. Traditional smallholder dairying  

 

The traditional smallholder dairy production system corresponds to the rural milk 

production system. The rural dairy system is part of the subsistence farming system and 

includes pastoralists, agro-pastoralist, and mixed crop-livestock farmers produce 98% of 

the national milk production and 75% of the commercial milk production (Ahmed et al., 

2004). The traditional smallholder dairy system makes up the largest part of the dairy 

production system and can be characterized by its low input and use of indigenous breeds. 

Mainly the feed resources were natural grazing lands and crop residuals. The majority of 

milking cows are indigenous breeds with low production performance. Dairy cattle 

farming is one of the agricultural activities that can provide income to maintain the 

economic viability of smallholder farms (Staal et al., 1996) and it has the potential to 
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generate income and employment opportunity in order to improve the welfare of 

smallholders (SNV, 2008). 

 

2.1.2. Urban and peri-urban dairying  

 

The urban and peri-urban dairy production system is developed in and around major cities 

and towns located mainly in the highlands of Ethiopia. The system comprises small and 

medium sized dairy farms that own crossbred and high-grade dairy cows. This system 

have relatively better access to artificial insemination service and use better managements 

than the traditional smallholder dairying. The dairy farms in this system rely mainly on 

purchased feed. The main feed resources are agro-industrial by-products and purchased 

roughage. Moreover, farmers use all or part of their land for improved forage production. 

The primary objective of milk production is generating additional cash income to the 

household (Ketema and Tsehay, 1995; Tegegne et al., 2000). This system evolved to 

satisfy the increasing demand for milk in urban centers as a consequence of increasing 

urbanization, rising per capita income and increasing cost of imported milk and milk 

products. They contribute to overall development through income and employment 

generation, food security, asset accumulation, poverty alleviation and improving human 

nutrition and health (Ketema and Tsehay, 1995; Ahmed et al., 2004).  

 

2.1.3. Commercial dairying  

 

Most of the commercial dairy farms are concentrated within the radius of 100 km distance 

from Addis Ababa and are basically kept pure exotic and high-grade dairy cattle (those 

with more than 87.5% exotic blood) that have high potential milk production (Ketema 

and Tsehay, 1995; Tegegne et al., 2000). A majority of pure exotic dairy cattle reside on 

commercial or government farms. This system used specialized inputs such as improved 

genotypes, artificial insemination, forage production, improved housing, concentrate feed 

and veterinary services. This system is a specialized market oriented dairy operation 
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practiced by the state sector and few private commercial farms and serves as the major 

milk supplier to the urban market. The urban and peri-urban and intensive dairy farms are 

produce 2% of the total milk production of the country (SNV, 2008).  

  

2.2. Historical Perspective of Dairy Development in Ethiopia 

 

 2.2.1. Dairying from 1960 to 1974  

 

The imperial regime (1960-1974) characterized by a free market economic system and the 

emergence of modern commercial dairying. During the second half of the 1960s, dairy 

production in the Addis Ababa area began to develop rapidly as a result of the expansion 

in large private dairy farms and the participation of smallholder producers. With the 

beginning of modern dairying, the government established the Addis Ababa Dairy 

Industry (ADI) in 1966 to control and organize the collection, processing and distribution 

of locally produced milk. The Chilalo Agricultural Development Unit (CADU) later 

named as Arsi rural development unit was an Ethio-Swedish integrated dairy 

development project for Arsi region which initiated an intensive small-scale dairy 

development in Ethiopia in 1967/68. The unit produced and distributed crossbred heifers, 

provided artificial insemination and animal health services, in addition to forage 

production and marketing (Staal, 1996). The government of Ethiopia established the 

Dairy Development Agency (DDA) in 1971. The DDA took over the responsibilities of 

ADI and assumed more tasks as well, including the provision of services for increasing 

milk production and creating formal milk markets in urban areas outside Addis Ababa. 

Further, the Addis Ababa dairy development project was launched by the World Bank in 

1971 with the objective of developing commercial dairy production and providing 

support for smallholder producers in the form of credit, imported cattle and technical 

services (Haile, 2009). This was followed by the Wolaita Agricultural Development Unit 

(WADU) which was established in 1973 funded by the World Bank, that implemented a 

program similar to that of the CADU program. 
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2.2.2. Dairying from 1974 to 1991  

 

The socialist Derg regime (1974-1991) that emphasized central economic system and 

state farms. Following the 1974 Ethiopian revolution, the dairy research has been started 

in Ethiopian Institute of Agricultural Research since the early 1974. The program was 

initiated as part of the overall cattle improvement program in terms of growth, milk yield, 

drought power resistance to disease and other important production and reproduction 

merits (Assefa, 2010). The Holetta Agricultural Research Centre serves as a centre of 

excellence for dairy research and started experiments on the interaction of genetic and 

environment through breeding programs using sire of exotic origin (Friesian, Jersey, 

Simmental) and dams of indigenous origin (Horo, Fogera, Boran and Barka) at different 

ecological zones (Assefa, 2010; Yilma et al., 2011). The centre coordinates all dairy 

improvement research activities in the federal system as well as in different regional 

states including joint venture research activities with agricultural universities and colleges 

(Yilma et al., 2011). The DDA was merged with other nationalized dairy farms to 

establish the Ethiopian Dairy Development Enterprise (DDE) in 1979. It also facilitated 

the creation of dairy cooperatives to ease the provision of credit and technical and 

extension service to dairy producers. Having recognized the importance of artificial 

insemination in dairy development, the government embarked on the technology at a 

wider scale and established the National Artificial Insemination Centre (NAIC) at Kaliti 

in 1981 through the Ethio-Finnish cooperation on dairy development, which supported 

and equipped the NAIC in Kaliti, with the main objective to achieve an efficient and 

reliable artificial insemination service, and had the mandate to serve nationwide. The 

liquid nitrogen plant with a well equipped semen processing laboratory was installed in 

1984 sourcing frozen semen from 25 Holstein and 10 Brahman bulls by the Cuban 

government. Most of the semen was produced form Holstein Friesian followed by Jersey 

bulls.  
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2.2.3. Dairying from 1991 to present    

 

With the downfall of the Derg regime in 1991, as a result of the country’s policy reforms 

that aim to bring about a market-oriented economic system, the private sector has begun 

to enter the dairy sector and market as an important actor. Many private investors have 

established small and large dairy farms. Moreover, privatization is the ongoing process 

since the early 1990s as many of the enterprises had been under the ownership of the 

state, including the DDE. The DDE and many other state farms, which were about 

fourteen in number, are privatized (Haile, 2009). The former DDE dairy farm, Holetta 

cattle genetic improvement center (HGIC) has also been transferred to NAIC in 2000 to 

serve as a source of Holstein Friesian bulls and as a supporting scheme. The main 

objective of HGIC is to serve as source of young elite bulls for the production of semen 

(Yilma et al., 2011).  

 

2.3. Constraints to Dairy Development in Ethiopia 

 

 2.3.1. Feeds and feeding  

 

Natural pasture land and crop residues particularly cereal straws are the major feed 

resources for dairy farming in Ethiopia. However, due to population pressure and 

urbanization, land size per household and communal grazing land allocated for livestock 

has been decreasing (Tegegne et al., 2013). In order to feed the increasing human 

population of the country, more land has to be brought for crop cultivation. On the other 

hand, the increase in the size of livestock entails additional stress on the existing grazing 

land and resulted a further reduction of feed supplies of the natural pasture lands. Feed 

and feeding problems facing the dairy sector are insufficient quantity of forage produced 

on the farm, limited utilization of improved forages by the smallholder farmers, 

insufficient inputs for commercial feeds, a lack of quality feed  formulation, and the 

absence of feed testing for analysis. Moreover, few market institutions are giving service 
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in the dairy feed sector (Land O'Lakes, 2010). Inadequate supply of feed and poor quality 

of the available feed resources are the two main factors that contribute to the low 

production and productivity of dairy cattle in the country (Ahmed et al., 2004). The 

availability of feed in terms of quantity and quality should be considered as important in 

dairy production in the exhibition of the genetic potential of the animal to produce at 

optimal level (Felleke and Geda, 2001).  

 

2.3.2. Health 

 

Poor animal health is major constraint of dairy development in Ethiopia which cause poor 

performance across all production systems. The widespread prevalence of a wide range of 

diseases and parasites in all agro-ecological zones of the country causes direct economic 

losses through high mortality of animals and contributes to the poor productive and 

reproductive performance of the animals. The annual mortality of cattle is estimated 

between 8 and 10%. Many of animal health problems result from the interaction among 

constraints themselves e.g. poorly fed animals develop low disease resistance, fertility 

problem, absence of proper disease control measure and absence of proper livestock 

movement control (Felleke and Geda, 2001). Constraints in the provision of animal health 

service are shortage of qualified staff, lack of information flow, inadequate and unreliable 

supply of drugs, poor diagnostics capability and lack of confidence in service quality 

(Tegegne et al., 2010). 

 

2.3.3. Genetics  

 

The Ethiopia's livestock have evolved largely as a result of natural selection influenced by 

environmental factors. This has made the stock better conditioned to withstand feed and 

water shortages, disease challenges and harsh climates (Ketema and Tsehay, 1995). 

However, the livestock has shown low productivity and this may be to their low genetic 

potential for specific product or enough knowledge is not available on the indigenous 
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breeds. Basically, there are no characterized indigenous breeds of cattle in the country 

(Felleke and Geda, 2001). The low productivity of the indigenous cattle breeds are the 

major factors limiting dairy productivity in Ethiopia. The genetic make-up of dairy 

animals plays a great role in the variation of milk yield and composition.  

 

2.4.  Stakeholders Involved in Dairy Development  in Ethiopia  

 

Different stakeholders have been involved in the dairy cattle genetic improvements in 

Ethiopia. The major partners include: dairy producers, state and commercial farms, dairy 

cooperatives and unions, Ministry of Agriculture (MoA), NAIC, the federal and regional 

research institutions mainly Holetta agricultural research center, higher learning 

institutions, institute of biodiversity conservation and research and international 

organization and non-governmental organizations. Dairy producers are important actors 

in genetic improvements of dairy cattle by linking to the other stakeholders. Dairy 

cooperatives and unions provide a regular market outlet to member and non-member 

smallholder producers that produce small amounts of milk daily (Yilma et al., 2011). The 

main objective of MoA is to improve the livelihood and income of producers by 

increasing livestock productivity and profitability. This is done through the provision of 

extension services to smallholder dairy producers on different improved livestock 

technologies, building of technical capacity of producers, promotion of collective action 

(formation of cooperatives and unions), and facilitation of linkages with other national, 

regional and international organizations engaged in dairy research and development for 

further innovations (Yilma et al., 2011). The NAIC mainly focuses on cattle to boost milk 

production and uses exotic and local semen as appropriate. Exotic semen includes 

Friesian and Jersey, while the indigenous include Fogera, Horro, Boran and Begait. The 

NAIC is now the only centre that produces semen in the country (Tegegne et al., 2010). 

Research institutions adopt and generate appropriate technologies for dairy development 

and are also involved in capacity building by organizing and providing trainings (Yilma 

et al., 2011). Higher learning institutions, mainly Jimma, Haramaya and Hawassa 

universities are involved in performance evaluation of the different indigenous cattle as 
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well as crossbreeding experiments (Haile et al., 2011). The Netherlands Development 

Cooperation (SNV), the United States Agency for International Development supported 

Land O’Lakes and International Livestock Research Institute provide support to the 

development of the dairy value chain through the different but complementary programs 

aimed at increasing access to production and market for quality milk (SNV, 2008). 

 

2.5. Dairy Cattle Genetic Improvement in Ethiopia 

 

An efficient, systematic and operational breeding strategy is necessary to bring about 

genetic improvement in the dairy sector. The genetic improvement of the Ethiopian 

indigenous dairy cattle could be approached through selection within the existing 

indigenous cows and crossbreeding the indigenous cows of good production potential 

with sires of known exotic dairy breeds (Haile et al., 2011; Yilma et al., 2011). In 

general, over the last several decades attempts have been made in Ethiopia to use 

crossbreeding of indigenous cattle with improved exotic dairy breeds as one strategy to 

enhance the genetic potential of the indigenous breeds and thereby to improve the 

productivity of the country’s dairy sector (Tegegne et al., 2010; Haile et al., 2011). 

European breeds, especially Holstein Friesian and Jersey, have been imported for many 

years and crossed with the indigenous cattle breeds (Tegegne et al., 2010). The first 

exotic dairy cattle were imported in 1947. The dairy cattle breed improvement through 

crossbreeding have been started as early as in the late 1960s with the establishment of 

CADU and WADU. The production of deep-frozen semen started at CADU in 1973, 

while CADU and WADU continued crossbreeding dairy cows using artificial 

insemination. During the 1970s, the government established crossbred heifer 

multiplication ranches. So far, artificial insemination service is being provided by a 

government institution, the NAIC. The service is available in urban, peri-urban and rural 

areas.  
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2.6.  Constraints to Dairy Genetic Improvement in Ethiopia 

 

 2.6.1. Lack of national dairy breeding policy 

 

Most of the cattle breeding activities have been executed under strategies set by various 

projects and/or institution without having any national dairy cattle breeding policy. 

Furthermore, the current conducive policy for investment opportunities is not supported 

by an operational breeding policy that determines the type of genetic material to be 

brought into the country in order to achieve the targeted genetic improvement in the 

different farming systems and agro-ecologies (Yilma et al., 2011). The draft cattle 

breeding policy prepared in 2015 basically indicated the directions of cattle breeding. 

However, there is a need to finalize the policy and be ratified for proper implementation 

provided the proclamation is followed by the necessary legislation (Gebregziabher 

Gebreyohannes, personal communication). 

 

2.6.2. Inefficiency of artificial insemination and delivery systems  

 

The artificial insemination service has been inefficient due to inappropriate infrastructure, 

managerial and financial constraints, inefficient heat detection and improper timing of 

insemination, embryonic death and very small number of artificial insemination 

technicians compared with the number of cows in a given area (Zewdie et al., 2006; 

Gebremedhin, 2008; Chebo and Alemayehu, 2012). The impact of artificial insemination 

on the number of genetically improved dairy animals for milk yield in and around urban 

areas is limited, and genetic improvement of dairy animals in rural areas is almost 

negligible (Tegegne and Hoekstra, 2011).   
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2.6.3. Lack of coordination among institutes involved in genetic improvement 

 

A weak linkages between stakeholders is one of the critical factors that have hindered 

dairy cattle genetic improvement in the country (Chebo and Alemayehu, 2012). This 

weakness stems partially from the absence of sound linkage policies in the agricultural 

knowledge generation and transfer systems. Moreover, lack of continuity of the donor 

based dairy development projects and organized into routine dairy development activities 

have been a hindrance to the genetic improvement activities.  

 

2.6.4. Lack of organized national dairy herd performance recording 

 

The primary purpose of herd performance and milk recording system is to use the 

information generated for the purposes of genetic improvement of the dairy herd. Other 

benefits can accrue from using such data, such as herd and individual health management 

(Falvey and Chantalakhana, 1999). Herd performance and milk recording are a 

prerequisite for purposeful and sustainable improvement of livestock production. An 

organized herd performance recording system has been practiced in most developed 

countries as a basis for the marked genetic improvements achieved over the years. 

However, such practices are not common in developing countries like Ethiopia. A number 

of government institutions, non-government organizations and individuals farms have 

attempted to introduce milk-recording systems in Ethiopia. However, these efforts have 

been fragmented and not centrally coordinated. There is no national body to undertake the 

leadership and coordination role in the implementation of such a scheme in a systematic 

and organized manner. In most instances, the data have been accumulated over the years 

with little or no use to the producer, farm and the nation for management decision, 

planning, policy formulation, selection and genetic improvement programs (Tegegne et 

al., 2000; Gebremedhin, 2008).  
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In Ethiopia, there is no national herd book. Therefore, routine herd performance data 

collection and entry into a national database has not been practiced. As a result, data 

analyses that will generate valid information and leads to designing of consistent and 

effective breeding program (Werner and Zamsky, 2007) have been difficult. 

Substantially, success in genetic improvement depends on accurate recording of the farm 

operations and periodic analysis of the data to design future plans and take corrective 

measures as appropriate (Gebremedhin, 2008; Haile et al., 2011).  

 

However, in the year 2013, Ethiopian national dairy cattle milk recording database was 

established under the MoA, NAIC financed by the Finnish Ministry of Foreign Affairs. 

Formerly, in most state and commercial  dairy cattle farms the milk recording was in hard 

copy and it was fragmented. Therefore, the historical records were retrieved from milk 

recording archives and newly registered private dairy farms are also transfer monthly 

records production, reproduction and health information of their dairy cattle to the 

national database center.  

 

2.7. Genetic Evaluation of  Dairy Cattle 

 

There are two commonly used methods for prediction of breeding values, selection index 

theory and mixed linear models.  The selection index theory is a statistical method for 

prediction, by multiple linear regression, of additive genetic value of candidates to 

selection. This prediction is based on observations adjusted for environmental effects that 

are supposed to be well known (Henderson, 1973). In statistical terms, a breeding redicted 

through selection index theory is best linear prediction, but it is not guaranteed to be 

unbiased (Toghiani, 2012). In selection index theory several useful traits are selected 

simultaneously.  

 

Mixed linear models are used to get the predicted breeding values based on the 

performance records. The implementation of restricted maximum likelihood (REML) 

estimation depends intimately on the mixed model equations introduced by Henderson 
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(1973) to construct best linear unbiased predictors (BLUP). The Best means that the 

procedure maximizes the correlation between true and predicted breeding values or 

minimizes the prediction error variance; the linear means that the predictors are linear 

(additive) functions of the observations; the unbiased means that the predicted breeding 

values is equal to the expected value of the true breeding value; and the prediction comes 

from the fact that we are dealing with random variables that we predict the outcome of 

(e.g., future offspring of a sire). Developments in variance component estimation specific 

to animal breeding have been closely linked with advances in the genetic evaluation of 

animals by BLUP. To allow the accurate prediction of breeding values, it is important to 

take account of genetic relationships between all animals. Animal models have been 

introduced to allow the specification of all additive covariance between relatives by 

incorporating a random effect for the breeding value of each animal (Thompson et al., 

2005). 

 

2.7.1. Lactation average model    

 

Traditionally, daily yields within the same lactation are most often standardized to a 

lactation length of 305-d. The accepted standard length for a lactation record is 305-d. 

This standard allows for a calving interval of 12 months with a 60 days open. The 12-

month interval has been considered “ideal” for many years. Some cows lactation length 

may not be 305-d because they go dry or the lactation is terminated for any of several 

reasons. In that case these short records are projected to a 305-d equivalent (Wiggans and 

Dickinson, 1985). Over many years in Ethiopia, as in other countries, the 305-d lactation 

yields of dairy cows have been used for genetic evaluation of dairy sire and cows for 

production traits. In LAM, the unit of information is 305-d lactation milk yield (Misztal et 

al., 2000). The LAM has an advantage of reduced computational demands due to the fact 

that only one observation per animal within lactation is considered for analysis. These 

records then are used to assess the effects of environmental and genetic effects for genetic 

evaluation in dairy cattle (Ferreira et al., 2002). Lactation average model used for the 

305-d milk yield record were relatively simple and required just a few parameters 
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(Misztal et al., 2000). However, genetic analysis based on 305-d lactation yield does not 

satisfactorily account for effects that are specific to individual daily yield because in most 

cases contemporary groups are formed on herd-year-season of calving (Jamrozik and 

Schaeffer, 1997; Swalve, 1995; Rekaya et al., 1999). 

 

2.7.2. Test-day models  

 

Longitudinal data consist of sets of multiple observations scored on one subject 

repeatedly in time. Milk production measured on cows on several TDs during lactation 

forms a classical example of longitudinal data (Diggle et al., 1994). The current method 

for genetic evaluation uses several daily measurements usually taken once a month (TD) 

on an individual cow over the course of the lactation (Ferreira et al., 2002; Dzomba et al., 

2010). Use of TD data would offer practical solutions in developing countries where there 

is lack of necessary infrastructure and resources required for daily milk recording 

throughout the lactation period (Ilatsia et al., 2007; Gebreyohannes et al., 2012). 

Moreover, two distant TD yields can contribute more information than those which are 

close and highly correlated (Bilal and Khan, 2009). The TD records reduce the cost of 

milk recording by making fewer TD measurements. It results in longer intervals between 

milk recording and less frequent collection of milk samples. It allows greater flexibility to 

be built into milk recording programs (Schaeffer et al., 2000).  

 

Interest has grown in changing the data used in genetic evaluation of dairy cattle from 

combined 305-d lactation yields to individual TD yields. It is therefore important to 

explore the potential of any statistical and computing techniques which allows a direct 

and more efficient utilization of all available TD records for genetic evaluation of dairy 

cattle (Dzomba et al., 2010). The TD records are analyzed using various proposed 

statistical models (Bilal and Khan, 2009). The TDMs are the statistical procedures that 

consider all genetic and environmental effects directly on a TD basis (Ptak and Schaeffer, 

1993). Recently, the use of TD milk yield records has been considered as a better 

alternative in genetic evaluations for milk, fat and protein yields as well as fat and protein 
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percentages, somatic cell score and lactation persistency. The TDM improves the 

accuracy of genetic evaluation, provides better modeling of the short term environmental 

effects and early genetic selection and decision making. It also maximizes the amount of 

information collected for each animal and avoids the use of factors to extend partial 

lactation records (Wiggans and Goddard, 1996; Van Doormaal, 2007). It includes factors 

that are specific to each TD, such as management groups within a herd on a TD (Reents et 

al., 1995; Jamrozik et al., 1997a). The number of cows with records at the same TD 

exceeds the number of cows that enter a herd-year-season class in a LAM, which 

increases the accuracy of the adjustment for fixed effects (Pool and Meuwissen, 1999; 

Swalve, 2000; Muir et al., 2007). 

 

The limitation of the TDM depends on large number of parameters and usually require to 

analyze 10 times more data than with a lactation model. Test-day model used for analyses 

of TDs are much more complex and may require hundreds of parameters. Estimation in 

models with a large number of parameters is computationally expensive, and requires a 

compromise in size of data, type of data, or methodology. If estimated parameters are 

biased or have high sampling variance, gains expected from the use of TD data may not 

be realized (Misztal et al., 2000).  

 

2.7.2.1. Functions used in test-day models 

 

Several functions are used to estimate genetic parameters and to model the shape of 

lactation curves with TDM (Jamrozik et al., 1997a; Gengler et al., 1999). Since the 

choice of appropriate mathematical function to describe the fixed and random effects is 

the key element in fitting RRM, the correct choice of these functions to estimate genetic 

parameters leads to more accurate estimates (Misztal et al., 2000). Different polynomials 

such as the logarithmic polynomials proposed by Ali and Schaeffer (1987), the Wilmink 

(1987) exponential function and Legendre polynomials functions have been commonly 

used to model the shape of lactation curves. Brotherstone et al. (2000), comparing RRM 

using Legendre polynomials, the Ali and Schaeffer (1987) function and Wilmink (1987) 



19 

 

function to model random effects, concluded that the function used exerts a marked 

influence on the genetic parameter estimates and that the parametric functions of Ali and 

Schaeffer (1987) and Wilmink (1987) best fitted the data, despite negative correlations 

between TDs at the beginning and at the end of lactation. On the other hand, Bignardi et 

al. (2011) and Torshiz et al. (2013), who compared RRM using orthogonal Legendre 

polynomials and the parametric function of Ali and Schaeffer (1987) to model random 

effects, concluded that orthogonal Legendre polynomials provided the best data fit.  

 

Among those the most widely used non-parametric functions are like Legendre 

polynomials. Kirkpatrick et al. (1994) demonstrated the use of Legendre polynomials in 

modeling the covariance structure of TD records along time trajectories for the random 

effects. Legendre polynomials function has the computational advantage of reducing the 

correlation of estimated coefficients, thus facilitating convergence (Schaeffer and 

Jamrozik, 2008). Different countries fitted Legendre polynomials function for modeling 

of additive genetic and permanent environmental effects in RRM (Lidauer et al., 2003; 

Negussie et al., 2006; Bignardi et al., 2009; Torshiz et al., 2013) for production traits and 

somatic cell score.  

 

2.7.2.2. Types of test-day models  

 

 Repeatability test-day model (REP model) 

 

The most widely used TDM is a REP model in dairy cattle genetic evaluation for 

production traits. In this model the TD records within a lactation are taken as repeated  

measurements of the same trait. Since the early 1990's (Ptak and Schaeffer, 1993) this 

approach has been ongoing for the genetic evaluation of production traits in dairy cattle. 

The REP model has been the most extensively used model (Ptak and Schaeffer, 1993; 

Reents et al., 1998; Kaya et al., 2003). The REP model is a model in which the lactation 

curve is modeled as a fixed effect and the random component of the model are specified 

as a traditional repeatability model (Vargas et al., 1998; Jensen, 2001). Furthermore, it is 
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assumed that the genetic and permanent environmental correlations between yield at 

different days in milk (DIM) are unity, regardless of the distance between the days chosen 

(Jensen, 2001). Further, the model assumes a standard fixed lactation curve for all cows 

in the same fixed subclass, and the estimated additive genetic effects of animals reflect 

differences in the height of these curves (Mostert et al., 2006a). The limitation of the REP 

model doesn't account for the heterogeneity of the additive genetic and permanent 

environmental variances during the lactation (Ptak and Schaeffer, 1993) and differences 

in lactation persistency are ignored.  

 

Random regression test-day model (RRM) 

 

The RRM is an extension of the REP model. In RRM, it is assumed that the shape of the 

lactation curve is also influenced by random additive genetic and permanent 

environmental effects. In this way, the genetic and permanent environmental correlations 

between yield at different DIM can be less than one. Furthermore, the model can 

accommodate heterogeneous additive genetic and permanent environmental variances 

during the lactation (Jensen, 2001). For that reason, the RRM for analysis of TD milk 

yield was selected because of its ability to model correctly changes in mean and variances 

with time (Meyer, 2003). The use of RRM with parametric or non-parametric functions as 

covariates, allows to split the shape of lactation curve into two parts: a general part (fixed) 

for assessing similarities of the lactation curves within specific groups of animals (i.e: 

similar age, stage of lactation, parity and season of birth) and a second random part is 

specific for each individual animal  (Bormann et al., 2003). With RRM it is possible to 

produce estimated breeding values (EBVs) for the lactation curves of each animal. 

 

During the last decades, researches shift from using a REP model analysis to a RRM 

(Schaeffer and Dekkers, 1994; Jamrozik et al., 1997a; Jamrozik et al., 1997b; Liu et al., 

1998; Negussie et al., 2006). A RRM approach was first implemented in Canada 

(Schaeffer et al., 2000) in 1999 and several countries that are members of Interbull have 

since adopted various forms of the methodology, including Belgium, Germany, the 
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Netherlands, Italy, Finland, Denmark and Sweden (Interbull, 2009). Although RRM 

require analysis of much larger data sets and estimation of many more parameters than 

LAM, it has been successfully implemented in several countries (Schaeffer et al., 2000; 

Schaeffer, 2004; Tsvetanova, 2004; Strabel et al., 2005; Zavadilová et al., 2005; El Faro 

et al., 2008) for the genetic evaluation of dairy cattle. 

 

Reduced rank random regression test-day model 

 

Reduced rank RRM is the modified forms of RRM by reducing the dimensionality of 

RRM by using a principal component approach where the smallest eigenvalues and the 

corresponding covariates are eliminated (Wiggans and Goddard, 1997; Van der Werf et 

al., 1998). The easiest reduction in dimensionality of the RRM suggested by Lidauer et 

al. (2003) was to evaluate each trait at a time. The advantages of reduced rank RRM 

reduce the number of levels to be estimated per random effect but also reduce 

computational requirements substantially (Guo and Swalve, 1997). This approach has 

been studied by countries such as The Netherlands (de Roos et al., 2002) and Finland 

(Lidauer et al., 2003).  

 

Multi-lactation random regression test-day model  

 

Genetic correlations among lactations are less than unity. Performance in each lactation is 

more of a separate trait than has been appreciated (Powel and Norman, 1981). Records of 

second and later lactations provide more complete information on lifetime performance 

than using records from first lactation only (Powell and Norman, 1981). The inclusion of 

records of the first three lactations in the TDM was therefore a welcomed and long 

awaited step forward for the dairy industry. It had, however, a significant effect on the 

ranking of animals when compared to breeding values of the LAM, which were based on 

first lactation records only (Mostert et al., 2006b). 
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2.8.  Factors Affecting Milk Yield  

 

Models for the analysis of milk yield must incorporate important effects; effects can be 

considered important when their absence causes important changes in parameters of 

interest in the analyses, and not necessarily just because they are statistically significant 

(Misztal, 2008). Several factors can potentially influence milk production. Particularly, 

we have to realize that different factors can influence 305-d lactation and TD milk yields.  

 

2.8.1. 305-d lactation milk yield  

 

Factors like age at calving, season of calving, breed, parity, days open, calving interval, 

herds, interaction between age at calving and season of calving, interaction between herd, 

calving year and season of calving, pregnancy status and milking times per day are 

affected 305-d lactation milk yield (Swalve, 1995; Jamrozik and Schaeffer, 1997). All 

factors that influence TD milk yields also influence 305-d milk yield, unless they 

averaged out the lactation. But these factors for a cow are not the same for each TD and it 

would be difficult to model for 305-d yields. The main difference between effects on TD 

and 305-d milk yields is that month of milk production cannot be included into 305-d 

LAM models simply because every animal would have several different months influence 

its 305-d milk yield. These effects of month of production will normally be estimated as 

season of calving effects. For instance changes in environmental within 305-d lactation 

are usually ignored, and a simple herd-year-season effects if often used to account for the 

average of environmental effects on each TD (Bilal and Khan, 2009). 

 

2.8.2. Test-day milk yield 

 

The TD milk yields for cows are affected by factors such as breed, region of the country, 

herd management and management group within a herds, day of the calving year, 

lactation number, age at calving, month of calving, days in milk, pregnancy status and 
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days carried calf effect (Lidauer et al., 2003) and milking times per day. Moreover few 

studies included parities in the model by assuming very high correlations among parities 

(Swalve, 1995; Misztal et al., 2000). The other main influence on TD milk yield is the 

number of DIM, since there is a specific pattern of change in milk production after 

calving. Accounting for the overall shape of milk production in TDM is fairly easy but 

the question is which factors influence the shape of the curve besides the breeding value 

of the cow.  

 

The adoption of TDM over the LAM replaced the use of herd-year-season with herd test 

date (HTD) or herd test month. This effects was included in the TDM to explain the short 

term temporary environmental effects within herd and the year and season of production 

whereas herd-year-season effect is commonly used to account for the effects of the 

individual herd, the year, and season of calving and the interactions among them (Swalve, 

1995). It has been shown that using HTD effect increases the accuracy of evaluation 

(Strabel and Szwaczkowski, 1997). In most cases the observations from HTD classes 

have small for genetic evaluation, and they reduce the reliability of estimates. Treating 

the HTD effect as a random is among the methods that can improve the quality of genetic 

evaluation by reducing the variances of residuals and prediction error (Ugarte et al., 1992; 

Visscher and Goddard, 1993; Oikawa and Sato, 1997).   

 

2.9. Estimation of Variance Components and Genetic Parameters 

 

A major task in any animal breeding is variance component estimation (Misztal, 2008). 

Variance components measures differences or variability and indicated with variance. 

Estimating additive genetic and possible permanent environmental variances contributes 

to a better understanding of the genetic mechanism. Moreover, the estimation of genetic 

parameters is an important issue in animal breeding. Parameters that are of interest are 

heritability, repeatability and genetic and phenotypic correlation and those are computed 

as functions of the variance components. Estimates of genetic parameters for traits of 

economic importance in dairy cattle are necessary for implementing efficient breeding 
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programs. Accurate heritability and correlation estimates are required to predict expected 

selection response and to obtain predicted breeding values using mixed model (BLUP) 

procedures (Montaldo et al., 2010).  

  

2.9.1. Methods for estimation of variance components  

 

The variance component analysis was based on two major methods of Bayesian via Gibbs 

sampling and REML. Bayesian statisticians differ from traditional statisticians, known as 

Frequentists, because Bayesians assume that everything in a model is random. That 

means everything in the model comes from a population with a certain mean and 

variance. Bayesian methods via Gibbs sampling are much easier to program than REML, 

especially for complex models, and they can support large number of traits and much 

larger data sets; however, the termination criterion can be hard to determine, and the 

quality of estimates depends on a number of details (Wang et al., 1994).  

 

In the method of REML (Druet and Ducrocq, 2006), one maximizes the likelihood with 

respect to parameters, yielding estimates of parameters corresponding to the maximum of 

that likelihood. The maximization can be implemented in many ways, depending on the 

order of derivatives available (Thompson and Mäntysaari, 1999). The simplest class of 

algorithms is derivative-free (DF), where no derivatives are used. Derivative-free is the 

simplest to program and is fast for simple models; however, it is very expensive and 

potentially unreliable for complicated models such as multiple trait models. For these 

reasons, DF is rarely used nowadays. Expectation-Maximization (EM) and Average 

Information (AI) REML are the most popular methodology involving the first and second 

derivatives, respectively. All methods are iterative. The EM algorithm was traditionally 

regarded as the most reliable, though slow in convergence, potentially taking a few 

hundred rounds. However, Foulley and Van Dyk (2000) found that the EM algorithm 

fails with RRMs, converging to a different set of estimates dependent on starting values. 

Additionally, EM does not generate standard errors (SE) of the estimates directly. The AI 

algorithm is quite complex to program; however, SE are obtained directly, and for many 



25 

 

models, convergence is achieved in just a few rounds. However, for complex models and 

poor starting values, the AI algorithm can ‘overshoot’, resulting in either very slow 

convergence or parameter estimates out of the parameter space (Meyer, 2006). 

 

2.9.2. Estimates of genetic parameters for 305-d and test-day milk yield 

 

In general, genetic parameters obtained in various models and with various data sets 

showed great variability in both average values and shapes (Misztal et al., 2000). The 

heritability describes what portion of the variation (variance) in a trait is of genetic origin 

(Ducrocq and Wiggans, 2015). Repeatability, a concept derived from quantitative 

genetics theory, is a statistic that describes the degree to which variation within 

individuals contributes to total variation in a population (Boake, 1989). Its usual 

application has been to set an upper limit on heritability.  

 

The heritability estimate of 305-d milk yield based on LAM in different countries is given 

in Table 1. A wide variability of heritability estimates for 305-d milk yield was observed 

among studies and countries.  A brief overview of types of TDMs and their estimates of 

genetic parameters from different countries is given in Table 2. Genetic parameters have 

been estimated for TD milk yields using various TDMs. In general, the estimates of 

heritability obtained in different studies with RRMs were variable (Misztal et al., 2000), 

regarding both the shape of heritability curves and the magnitude, due to differences in 

populations and different methods of analysis. Lowest heritability in the early stages of 

lactation and an increase afterwards and the highest values at the end of lactation were 

reported by Cobuci et al. (2005), Zavadilová et al. (2005) and Gebreyohannes (2013). 

The trend of the heritability curve with lower values at the beginning and an increase 

across lactation, and followed by slight decrease to the end of lactation was reported by 

Liu et al. (2000), Druet et al. (2003), Negussie et al. (2008), Abdullahpour et al. (2010) 

and Cobuci et al. (2011). However, Shadparvar and Yazdanshenas (2005) and 

Abdullahpour et al. (2013) have reported no trend for heritability estimates working on 

first lactation Holstein cattle. 
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Table 1. Heritability (h
2
) estimates for 305-d milk yield in dairy cattle  

 

Breed Lactation 

number 

h
2
 Country References 

     

Holstein Friesian fixed effect 0.16 

 

Ethiopia 

 

Ayalew (2014) 

Holstein Friesian  one 0.24 Ethiopia Goshu et al. (2014) 

Holstein one 0.11 Egypt Hammoud and Salem 

(2013) 

Holstein one 0.11 Turkey Kaya et al. (2003) 

Sahiwal  one 0.08 Pakistan Khan et al. (2008) 

Multi-breed one 0.43 Finland Lidauer et al. (2003) 

Guzerat  one 0.24 Brazil Santos et al. (2013) 

Holstein one 0.24 Iran Shadparvar and 

Yazdanshenas (2005) 
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Table 2. Estimates of genetic parameters for milk yield using various test-day models in different countries   

 

Model Function Lactation 

number 

Repeatability Heritability   Genetic 

correlations 

Breed Country References  

RRM LP one - 0.22 0.49-0.99 Holstein Iran Abdullahpour 

et al. (2013) 

REP AS one 0.52 0.024 - Sahiwal Pakistan Bilal et al. 

(2008) 

RRM Modified 

incomplete 

gamma 

fixed effect 0.84-0.94 0.17-0.42 0.78-0.99 Multi-breed Ethiopia Gebreyohannes 

(2013) 

REP AS one - 0.25 - Holstein Turkey Kaya et al. 

(2003) 

REP LP one 0.52 0.26 - Multi-breed Finland Lidauer et al. 

(2003) 

RRM LP one - 0.19-0.34 0.45-0.96 Multi-breed Finland Lidauer et al. 

(2003) 

Reduced 

rank RRM 

LP one - 0.18-0.33 0.49-0.97 Multi-breed Finland Lidauer et al. 

(2003) 

RRM LP and 

Wilmink 

fixed effect 0-35-0.68 0.18-0.45 0.50-0.90 Criollo Mexico and 

Nicaragua 

Santellano-

Estrada et al. 

(2008) 

RRM LP one - 0.07-0.32 0.51-0.99 Holstein 

Friesian  

Turkey Takma and 

Akbaş (2007) 

RRM AS one - 0.08-0.29 0.47-0.98 Holstein Iran Torshizi et al. 

(2013) 

Note: RRM- random regression test-day model, REP- repeatability test-day model, LP- Legendre polynomials, AS-Ali and Schaeffer 
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2.10.  Methods of Model Comparison 

 

Commonly applied criteria for the goodness of fit of different curves in the TDM 

approach were residual variance, -2log-likelihood, likelihood ratio tests, Akaike 

information criterion (AIC), Bayesian information criterion (BIC) and mean square error 

of predictions (MSEP). Residual analysis compares an individual observation with an 

estimate of its theoretical mean. Such residuals are aggregated to form a global measure 

of adequacy, for example coefficient of determination and error sum of square (Gelfand, 

1996). The REML methods provides the maximum of the restricted log-likelihood 

function, which can be seen as a measure of fit given the observed data (Burnham and 

Anderson, 1998). Thus, the likelihood, or equally the -2log-likelihood, can be used in a 

model selection context choosing the model which has the largest log-likelihood. The 

likelihood ratio tests enable choice between models only in the nested case and which 

may be poor for small sample sizes (Gelfand, 1996). Nested models, which allows 

performing chi-square tests over the likelihood ratios to determining chi-square tests over 

the likelihood ratios to determine the order of polynomials up to where a significant 

improvement on the model likelihood can be achieved. However, the likelihood ratio test 

is not suitable for non-nested models and it could not be applied to the lactation models 

(López-Romero and Carabaño, 2003).  

 

The AIC is a measure of the discrepancy between the true distribution for a random 

variable (possibly vector-valued) and the distribution specified by some particular model. 

Although the true model is never known, Akaike managed to derive an estimate of this 

discrepancy by considering the distribution of a future sample conditional on knowing the 

maximum-likelihood estimator for parameters in the model (Dayton, 2003). Models with 

low AIC values will have a higher level of empirical support than models with high AIC 

values. For any specific model, the form of AIC is -2logL+2P where logL is the log-

likelihood for the model and p is the number of independent parameters that are estimated 

in fitting the model to data. The model with the lowest AIC is generally taken to be the 

best supported model, and models with AIC values that are only slightly larger than this 

(often models with a difference in AIC values of less than two, although there are certain 
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circumstances in which this rule-of-thumb can be highly inappropriate) are also taken to 

have a good level of empirical support (Burnham and Anderson, 2002). An interesting 

aside is that the 2p term in AIC is in fact a correction for bias rather than an explicit 

penalty designed to favor more parsimonious models, arguably contrary to popular belief. 

 

The BIC, was introduced by Schwarz (1978) as a competitor to the AIC. Schwarz derived 

BIC to serve as an asymptotic approximation to a transformation of the Bayesian 

posterior probability of a candidate model. In large-sample settings, the fitted model 

favored by BIC ideally corresponds to the candidate model which is a posteriori most 

probable; i.e., the model which is rendered most plausible by the data at hand. The 

computation of BIC is based on the empirical log-likelihood and does not require the 

specification of priors. The form of BIC is -2logL+plog(n-r) where logL is the log-

likelihood for the model and p is the number of independent parameters that are estimated 

in fitting the model to data, n is the size of the data and r is the rank of incidence matrix of 

fixed effect in the model. The BIC utilizes a more conservative penalty than AIC (unless 

the sample size n is extremely small), and will therefore select simpler models that 

contain less parameters. 

 

The MSEP comparing TD yields based on the observed value and the predicted one in a 

subset, i.e. when a TD yield was missing. The criterion MSEP is preferred over maximum 

likelihood, because it quantifies the ability of a model to inter or extrapolate milk records, 

which is required in practice. The significance of a likelihood ratio test depends on the 

amount of data available, i.e., it tells us whether there is enough information in the data to 

fit a more sophisticated model, and not the ability to handle missing data as investigated 

by MSEP (Pool and Meuwissen, 1999).  
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3. MATERIALS AND METHODS 

 

3.1. Description of the Study Area  

 

The data for this study came from the HGIC and Selale dairy development private limited 

company (SPLC), Ethiopia. The HGIC is located 33 km west of Addis Ababa at 38
0
30' E, 

9
0
3' N, and elevation of 2,400 meters above sea level. It has an average annual rainfall of 

approximately 1200 mm. The annual average temperature of 18
0
C and the average 

monthly relative humidity is 60%. The SPLC is located about 80 km Northwest of Addis 

Ababa at 38
0
52'0' E, 9

0
33'0' N, and elevation of 2,652 meters above sea level. The annual 

average temperature was 12
0
C. Both farms are situated in the central highlands of 

Ethiopia and receive bimodal rainfall distribution with the main rainy season occurring 

from June to September and a short rainy season from March to May. Therefore, in this 

study three seasons were defined based on rainfall distribution to assess the effects of 

seasonal fluctuations such as main rainy season, dry season and short rainy season on the 

performances of the animals.  

 

3.2. Herd Management and Breeding  

 

The HGIC and SPLC dairy cattle farms were transferred from the DDE to NAIC and 

private investor, respectively in year 2000. These farms are the two main dairy farms in 

the country which maintain pure Holstein Friesian breed. As a result, the main objective 

of HGIC is to serve as a source of elite bulls for the production of Holstein Friesian 

semen, whilst the SPLC was privatized to enhance a market-oriented milk production 

system in Ethiopia.  

 

The native pasture land, irrigated improved pasture land, improved forages, hay and 

concentrate feeds were the main sources of feed for the animals of the HGIC. The feeding 

practice varied over the years. The feeding system was mainly based on native pasture 

and animals were allowed to graze native pasture land for an average of seven hours 
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during the dry seasons. During the rainy seasons animals were mostly stall-fed. The 

irrigated pasture was mainly used for the preparation of hay, source of green fodder, and 

free grazing during the months of February to May. Starting from year 2008 the farm 

installed feed mill for processing and formulating their own concentrate feed. The 

animals were supplemented with concentrate mixture composed of 30% wheat middling, 

30% Niger seedcake (Guizeta abysinica), 25% wheat bran, 10% corn, 4% limestone and 

1% salt. All animals were given 2 kg of concentrate feed and milking cows were provided 

concentrate with additional 0.5 kg per kg of milk production, whilst pregnant cows are 

supplied with 3 kg of concentrates per day during the last trimester of pregnancy. Clean 

water was provided for all animals ad libitum.  

 

Similarly at the SPLC native pasture land, rain fed improved pasture land, hay and 

concentrate feeds were the main feed sources used to feed the animals. Here also the 

feeding system was mainly based on native pasture land and the cattle were allowed to 

graze for an average of four hours during the daytime the entire year. The supplementary 

feed in the form of either hay or other roughage and concentrate feeds was provided. 

Moreover, milking cows were given additional concentrate feed of 0.5 kg per kg of milk 

production and pregnant cows supplemented additional 2 kg during last trimester period. 

Commercial feed factories are the sources for concentrate feed and the mixtures are 

usually not well defined. Clean water was provided for all animals ad libitum.  

 

In both farms, hand milking was practiced twice a day, morning and evening. Calves 

were separated from their dams after birth then weighed, tagged and allowed to receive 

colostrum for the first five days of their age. Bucket feeding of whole milk continued 

until the average age of 120 days of weaning period. Besides, some concentrates and hay 

were provided starting from the age of 15 days. Heat detections were routinely followed 

three times a day, i.e. early in the morning after milking; during resting period in mid day; 

and in the afternoon before milking. Heat detections were carried out by herd attendants 

and artificial insemination technicians. Services were given after the artificial 

insemination technicians confirmed the heat status and then pregnancy diagnosis is 

conducted by manual rectal palpation after three months of last service. Regular 
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vaccinations against contagious bovine pleura-pneumonia, lumpy skin disease, anthrax, 

blackleg, foot and mouth disease and pasteurellosis were given and treatments provided 

when incidence of cases are observed. Culling was practiced as a result of fertility 

failures, chronic mastitis, tuberculosis, old ages, and emaciations and in some cases due 

to low daily milk production.  

 

3.3. Data  

 

3.3.1. Data Source 

 

For this study, data compiled on individual cow cards and daily milk recoding sheets of 

HGIC and SPLC farms for several years were collected and organized. Then variables 

including animal identification number, birth year, pedigree information, calving date, 

lactation number, test milk recorded date, and morning and evening daily milk yield were 

entered into custom designed database. Monthly TD milk yield was created from the daily 

milk yield record and each TD yield comprised of morning and evening milk yield of 

each cow. All these information from the two herds were cleaned, summarized and 

entered into the recently established Ethiopian national dairy cattle milk recording 

database.  

 

3.3.2. Data Preparation  

 

The data for this study consisted of TD milk yield records from three lactations of 

Holstein Friesian cows that calved between 1997 and 2013. Records from all other herds 

registered in the national dairy cattle milk recording database were still too few to be 

included into the analyses. From the data available two different data sets were prepared. 

The first data set was the 305-d first lactation milk yield record. The standardized 305-d 

milk yield for each animal was estimated from TD milk yield records using test interval 

method as described by Sargent et al. (1968) as follows: 

 



33 

 

305-d                    
     

 
     

     

 
         

       

 
       

Where: 

 M1, M2 ... Mn =   TD milk yield (kg); 

 I0 =  Interval between the calving date and the first recording date (days)  

 I1, I2 … In-1 = Interval between recording dates (days) and  

 In = Interval between the last recording date and the 305
th

 lactation (days) 

 

With the test interval method, a 305-d lactation milk yield data from 800 cows with 

records were prepared (Table 3). The second data set was the TD milk yield data. These 

data comprised the TD milk yield records in the first three lactations from 800 cows. For 

the estimation of variance components, the TD data was prepared following certain data 

edition rules. For instance, records prior to days in milk (DIM) 5 and after DIM 305 and 

cows with less than 5 TD records within each lactation were excluded for the estimation 

of genetic parameters. Cows with the second or third lactations should have their first 

lactation to be included in the data set. About 45% of the cows had only first lactation. In 

addition, records of cows with age at first calving less than 20 months or greater than 54 

months, age less than 36 months or  greater than 77 months in the second calving and age 

less than 47 months or greater than 97 months in the third calving, were excluded. Five 

age classes were defined within each lactation. These included cows less than 810, 811 to 

990, 991 to 1170, 1171 to 1350 and above 1350 days of age at first calving; cows less 

than 1350, 1351 to 1530, 1531 to 1770, 1771-1980 and above 1980 days of age at second 

calving. The third lactation age at calving was classified into cows less than 1800, 1801 to 

2040, 2041-2280, 2281 to 2520 and above 2520 days of calving. The calving season was 

divided into three distinct seasons of long dry (October - February), short rainy (March - 

May) and long rainy (June - September) seasons. The TD data included a total of 13,421 

milk yield records from 800, 442 and 301 cows with an average of 8.5, 9 and 8.6 

observations per cow in first, second and third lactations, respectively. The decrease in 

number of cows with observations from the first to third lactation reflected the structure 

of the cattle population in the Holstein herds in Ethiopia. The final data set used in the 

study included 800 cows which were daughters of 149 sires. The pedigree file contained 

1779 animals. Detailed description of the data is presented in Table 3.  
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Table 3. Description of 305-d first lactation and test-day milk yield data sets from the first 

three lactations in Holstein Friesian cows  

 

  

305-d 

Test-day 

 Lactation Number  

 First Second Third 

Observations 800 6850 3996 2575 

Cows with records  800 800 442 301 

Animal in the pedigree 1779 1779 1779 1779 

Records per cow 1 8.5 9 8.6 

Calving age classes  5 5 5 5 

Calving seasons classes 3 3 3 3 

Calving year 17 17 16 15 

Herd test month classes - 316 283 261 

 

3.4. Data Analysis 

 

 3.4.1. Models 

 

 3.4.1.1. Models for least squares means analysis  

 

The data analysis started with a preliminary least squares means analysis (SAS, 2008) 

fitting a linear model to identify systemic environmental factors that have significant 

effects on both 305-d and TD milk yields. This step was very essential as it helps to 

compile the necessary non-genetic factors during the setting up of the different models.  

 

The linear models used in the least squares means analysis were: 

 

For 305-d milk yield;  

                              and 
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For TD milk yield in the first three lactations; 

                                      

 

Where,       =305-d milk yield;        =TD milk yield;   =herd;    =calving year; 

   =calving season;    =age at calving class;     = days in milk class; and        and 

        are the residual effects for 305-d and TD milk yield, respectively.  

 

3.4.1.2. Lactation average model 

 

The LAM is a single trait animal model, which is based on 305-d lactation milk yield. 

The description of the LAM was:  

 

                                 

 

Where:        =lactation milk yield;  

    = fixed effect of herd; 

   = fixed effect of calving season; 

   = fixed effect of age at calving class; 

   = random effects of sire*calving year interaction; 

ao=  random animal genetic effect and 

      =  random residual effect 

 

3.4.1.3. Test-day models 

 

In longitudinal models like TDMs, orthogonal Legendre polynomials of standardized 

units of time have been recommended as covariables (Kirkpatrick et al., 1990). Additive 

genetic and permanent environmental effects were fitted as a random regression on DIM, 

using orthogonal Legendre polynomials on standardized time scale. Thus, DIM was 
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transformed into values from –1 to +1. To calculate the standard DIM (dt), the following 

equation was used: 

 

        
        

          
  

 

Where, dmin and dmax are minimum and maximum DIM, respectively, and dt is t
th

 DIM.  

 

In this study, two different types of TDMs were considered for model validation and then 

for the estimation of genetic parameters and prediction of breeding value for TD milk 

yield in Ethiopian Holstein Friesian. These included the REP and RRM models. The REP 

model is a special case of the general RRM where only an intercept term is included in 

modeling the additive genetic and permanent environmental effects. Based on the 

covariables used to model additive genetic and permanent environmental effects RRM 

exist in different forms with different modeling characteristics. In this analysis, therefore 

several RRMs modeling the additive genetic and permanent environmental effects by 

Legendre polynomials of varying order have been tested to identify the best models that 

model the variance structure in the data correctly. The testing and identification of the 

best model prior to the estimation of genetic parameters and prediction of breeding values 

is essential to avoid erroneous variance component estimates and biased prediction of 

breeding values. The identification of suitable TDM was done in two steps. 

 

In the first step, the objective was to identify a TDM that has less parameters but able to 

model the animal genetic and permanent environmental effects in the data correctly. For 

this, four different TDMs fitting varying orders of Legendre polynomials for modeling 

both additive genetic and permanent environmental effects were tested. These models 

were REP, RRM1, RRM2 and RRM3 where intercept, linear, quadratic and cubic order 

Legendre polynomials, respectively, were used for modeling the additive genetic and 

permanent environmental variations associated with all TD milk yields of a cow. The 

statistical description of these models was as follows: 
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REP:  

                 

 

   

                                 

RRM1: 

                 

 

   

                       

 

   

         

 

   

               

RRM2  

                 

 

   

                       

 

   

         

 

   

               

RRM3:  

                 

 

   

                       

 

   

         

 

   

               

 

where: 

        = milk yield record of cow o on TD p; 

   = fixed effect of herd; 

   = fixed effect of age at calving class; 

   = vector with fixed regressions coefficient specific to calving season subclass 

j and measured on DIM (d);  

   = random sire*calving year interaction; 

    = random herd test month effect; 

     =  covariates associated with DIM (d); 

    = random permanent environmental effects of cow o; 

   = random additive genetic effect of cow o; 

  = random regression coefficients specific for the permanent environmental 

effects for cow o; 

  = random regression coefficients specific for the additive genetic animal 

effect for cow o and  

         = residual effect 
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The variance structure for the random effects of the REP model was as follows: 

 

  

                 sy                   Iσ
2
sy

  
0        0           0           0 

                 htm                0      Iσ
2
htm    0      0      0  
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2
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The variance structure for the random effects of the RRM1, RRM2 and RRM3 models:  
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2
sy
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Where: I is the identity matrix; σ
2

sy , σ
2
htm , σ

2
pe and σ

2
a is the variance of the random sy, 

htm, permanent environment and additive genetic effects, respectively; A is the additive 

numerator relationship matrix contained relationships among animals that contributed to 

the variance components; ⊗ is the Kronecker product; P and G are covariance matrices 

for permanent environment and additive genetic effects and R is the diagonal matrix of 

the form Iσe
2
, and σe

2
 is the residual variance.  

 

In the second step, because of the controversial and difficulty associated with the 

modeling of the permanent environmental effects, a separate validation of the different 

RRMs was conducted in order to identify a RRM that model the permanent 

environmental effects correctly. For this, four different RRMs fitting second
 
order 

Legendre polynomials for modeling animal genetic effects but with varying orders (0 to 

3) of Legendre polynomials for modeling the permanent environmental effects were 
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tested. These models were RRPE0, RRPE1, RRPE2 and RRPE3 and the mathematical 

description of these models were as follows: 

 

RRPE0  

                 

 

   

                         

 

   

               

RRPE1 

                 

 

   

                       

 

   

         

 

   

               

RRPE2 

                 

 

   

                       

 

   

         

 

   

               

RRPE3 

                 

 

   

                       

 

   

         

 

   

               

 

where: 

        = milk yield record of cow o on TD p; 

  =   fixed effect of herd; 

   = fixed effect of age at calving class; 

   = vector with fixed regressions coefficient specific to calving season subclass 

j and measured on DIM (d);  

   = random sire*calving year interaction; 

    = random herd test month effect; 

     =  covariates associated with DIM (d); 

   = random permanent environmental effects of cow o; 

  = random regression coefficients specific for the permanent environmental 

effects for cow o; 

  = random regression coefficients specific for the additive genetic animal 

effect for cow o and 

         =  residual effect 
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The variance structure for the random effects from the RRPE0 model:  
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                  e                    0        0       0       0      R 

 

 

Where: I is the identity matrix; σ
2

sy , σ
2

htm  and σ
2

pe is the variance of the random sy, htm 

and permanent environment, respectively; A is the additive numerator relationship matrix 

contained relationships among animals that contributed to the variance components; ⊗ is 

the Kronecker product, G is covariance matrices for additive genetic effects, R is the 

diagonal matrix of the form Iσe
2
, and σe

2
 is the residual variance.  

 

The covariance structure for RRPE1, RRPE2 and RRPE3 models tested to identify best 

model for modeling the permanent environmental effects was the same as those described 

for the RRMs in step one. 

 

3.4.1.4. Multi-lactation random regression test-day model analysis  

 

In the multi-lactation RRM analysis, TD milk yield from the first three lactations were 

analyzed. In this analysis the different lactations (first, second and third) were assumed to 

be different but correlated traits. The RRM used for the multi-lactation analysis of TD 

milk yield was the RRM2. The main reason for selecting or using this model was that 

preliminary comparative analysis involving several different TDMS have shown that, for 

the data and population in question, a RRM with second order Legendre polynomials for 

additive genetic and permanent environmental effects was found to be the best by most 

model selection criteria. Therefore, in this multi-lactation RRM analysis, the additive 

genetic and permanent environmental effects were modeled by second order Legendre 

polynomials.  
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In both the REP and RRMs the fixed lactation curves were modeled by a combination of 

Legendre polynomials and Wilmink function (Wilmink, 1987) and were the same for all 

TDM throughout the dissertation:  

 

     = [C0 C1C2 C3 exp(wd)]
T
 

 

C0= 0.7071; 

C1 = 1.2247* DIMd; 

C2 = 2.3717* DIMd
2
 - 0.7906; 

C3 = 4.6771*DIMd
3
-2.8062* DIMd and 

exp(wd) = exp
-0.05d

 

 

Where; C0, C1, C2 and C3 represents coefficients of the first to third order of orthogonal 

Legendre polynomials at DIM d plus a Wilmink function (Wilmink, 1987). In the 

Wilmink function, the exponential term (w) is generally considered as a constant and in 

this study a value of -0.05 was used. Wilmink function with exponential term -0.05 along 

with orthogonal Legendre polynomials for milk yield traits have been used by several 

authors (Lidauer et al., 2003; Negussie et al., 2008; Santos et al., 2013). In this study 

homogenous residual variance was assumed. Residuals were assumed to be uncorrelated 

between lactations. The main reasons for considering homogenous residual variance were 

the data set used was small and assuming heterogeneous residual variance makes the 

model more complex and over parameterized leading to convergence problems and 

computational difficulties.  

 

3.4.2. Model selection criteria 

 

The performances of the various TDMs considered in both the first and second step 

model validation process were assessed using a combination of several model selection 

criteria involving: residual variance, log-likelihood, the AIC (Akaike, 1973) and BIC of 

Schwarz (1978). Therefore, the overall goodness of fit of all models was assessed not by 
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a single criterion but by a combination of several model selection criteria. Of these model 

selection criteria the log-likelihood usually tends to favor complex models with many 

parameters (Jensen, 2001) whilst the more conservative AIC and BIC penalize models 

with many parameters. The AIC is aimed at finding the best approximating model to the 

unknown data generating process whilst BIC is designed to identify the true model. For a 

reasonable sample sizes, BIC apply a larger penalty than AIC, thus other factors being 

equal it tends to select simpler models than does AIC (Acquah, 2010). Therefore, the 

major difference between BIC and AIC is that BIC tries to look for a compromise 

between the number of parameters and the amount of information available. With these 

model selection criteria the best model is the one that has a lower residual variance, AIC, 

BIC or the highest log-likelihood.  

 

The AIC and BIC can be described as:  

 

AIC = -2logL+2p 

       BIC = -2logL+plog(N-r), 

 

Where; p is the number of parameters in the model, N is the total number of observations, 

r is the rank of the incidence matrix of fixed effects in the model, and logL is the log-

likelihood.  

 

In this study to identify the best model, fulfilling all the requirements a combination of all 

the model selection criteria was used. In addition, eigenvalues of the additive genetic and 

permanent environment covariance matrices were analyzed to assess the importance of 

adding further parameters. The plausibility of the estimated variance components and 

genetic parameters for each of RRM were also used as criteria to select the most 

appropriate model to describe the covariance structure of the data. 
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3.5. Estimation of Genetic and Phenotypic Parameters 

 

Variance components were estimated by AI REML method using the DMU program 

(Madsen and Jensen, 2013). Convergence of solutions was determined when the 

difference between the right hand side and left hand side was less than 10
-6

. The resulting 

estimates of variance components were then used for the calculation of the genetic and 

phenotypic parameters for each of the different models.  

 

3.5.1. Heritability and repeatability 

3.5.1.1. Lactation average model (LAM) 

 

Estimate of heritability for a 305-d milk yield was calculated as a ratio of genetic variance 

(  
   to total phenotypic variance (  

   which is the sum of additive genetic (  
   and 

residual (  
   variances. 

 

   
  
 

       
 

  
 

   
 

 

3.5.1.2.Repeatability test-day model (REP)  

 

In the REP model the additive genetic and permanent environmental variances were all 

assumed the same across lactation. Phenotypic variances    
   were calculated as the sum 

of permanent environment (   
    additive genetic (  

  , and residual (  
   variances. The 

heritability of TD milk yield was therefore the ratio of additive genetic    
   to total 

phenotypic    
 ) variances.  
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Likewise the repeatability of TD milk yield was calculated as a ratio of the sum of 

estimated permanent environment and additive genetic variance to the total phenotypic 

variance which is the sum of permanent environment, additive genetic and residual 

variances of the lactation. 

 

  
   
      

 

              
 

 

3.5.1.3. Random regression test-day model (RRM)  

 

In the RRM the additive genetic variance    
   for DIM    was estimated as: 

 

  
 
    

      
       

  

 

Where: G is the covariance matrix of the additive genetic random regression coefficient 

and    is DIM. Similarly, the permanent environmental variance     
       DIM    was 

estimated as: 

 

   
 

    
      

        
  

 

Where: Pe is the covariance matrix of the permanent environment random regression 

coefficient and    is DIM. 

 

Heritability for a particular DIM    in lactation were calculated by dividing the genetic 

variance   
 
    

 by the sum of permanent environmental (   
 

    
   genetic (  

 
    

  and 

residual (  
   variances for a particular DIM   . 
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In the RRMs, the repeatability of TD milk yield at DIM    was calculated by dividing the 

sum of estimated permanent environment and additive genetic variances by the sum of 

permanent environment, additive genetic and residual variances for that particular DIM 

  . 

 

   
 

   
 

    
    

 
    

        
         

    
 

 

3.5.2. Genetic and phenotypic correlations  

 

In the REP model, the genetic and phenotypic correlations between repeated records are 

assumed to be unity. On the other hand for the RRMs, the genetic correlations between 

two days in lactation    and    was calculated by dividing the additive genetic covariance 

between days    and    by the product of the square root of the genetic variances of the 

days    and   . 

 

         
 

     
      

 

      
      

       
      

 

 

 

Similarly, the phenotypic correlation was calculated dividing the phenotypic covariance 

between days    and   , divided by the product of square root of phenotypic variances of 

day    and   . 
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Where: P is the covariance matrix of the phenotypic regression coefficient 

 

The genetic and phenotypic correlations between any two lactations for instance 1 and 2 

within the same DIM from multi-lactation RRM2 model analyses were calculated by 

dividing the additive genetic covariance between days     and     by the product of the 

square root of the genetic variances of the days     and    . 

 

           
 

       
       

 

        
       

        
       

 

 

and  

           
 

      
       

  

       
       

         
       

 

 

 

Where: di1 and di2 are days in milk in lactation 1 and 2, respectively. G and P are the 

covariance matrix of the additive genetic and phenotypic regression coefficient from 

multi-lactation analysis, respectively. 

 

3.6. Estimation of Breeding Values  

 

The EBVs for all animals were estimated using BLUP fitting a mixed linear model. The 

equations for the mixed linear animal models were solved by the preconditioned 

conjugate gradient method with iteration on data techniques as implemented in Strandén 

and Lidauer (1999). Solutions for additive genetic (â) effects were then used to form 

estimated breeding value (EBVs) corresponding to 305-d.  
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For the LAM, EBVs for 305-d for animal l was calculated as: 

 

        

 

For the RRM, RRM2 model, EBVs for animal l was calculated as: 

 

            

   

   

 

 

3.6.1. Lactation average versus random regression test-day models  

 

The performance of LAM and RRM2 model were compared in terms of the standard 

deviation (SD) of EBVs, correlation between EBVs and also by assessing the difference 

between the models in the ranking of top sires and cow groups. The analyses of breeding 

values involved two groups of sires and one group of cows. The two groups of Holstein 

Friesian sires considered were: (a) sires with less than 15 daughters and (b) sires with 

greater or equal to 15 daughters. In the analyses of breeding values of cows for milk 

yield, cows born after 2007 were used.  

 

3.6.2. Breeding values from multi-lactation random regression test-day model 

 

Estimated breeding values for the 305-d milk yield in first, second and third lactations 

were calculated through summation of daily EBVs over 5 to 305 DIM from the RRM2  

model. The breeding value for first, second and third lactations of an animal were 

aggregated. Aggregate EBV calculation depends on the weights given to each lactation 

and in this study equal weight were given to first, second and third lactations. Therefore, 

the aggregate EBV was calculated as follows: 
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 Aggregate EBV= 0.33*EBV1+0.33*EBV2+0.33*EBV3  

 

Where, EBV1, EBV2  and EBV3 are the 305-d EBVs from first, second and third lactations, 

respectively. The aggregated EBV for each animal were calculated for ranking of cows.  

 

3.6.3. Phenotypic and genetic trends  

 

Phenotypic trends were calculated as annual averages of 305-d and TD milk yield across 

calving years of animals. The phenotypic progress was estimated by linear regression of 

the 305-d and TD milk yield on the year of calving. Genetic trends were computed for the 

LAM and RRM2  model for first lactation Holstein Friesian cows. Genetic trends were 

expressed as deviations from the genetic base which consisted of breeding values of cow's 

born in the year 2003. The genetic progress of milk yield was calculated using linear 

regression of means of 305-d breeding values over the birth years of cows.  
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4. RESULTS  

 

4.1. Descriptive Statistics  

 

The mean and SD for 305-d milk yield for first lactation cows estimated with the test 

interval method was 3396.9 ± 1021.7 kg. On the other hand, the overall means and SD for 

TD milk yields calculated for first, second and third lactations were 11.09 (±3.9), 13.03 

(±4.74) and 13.87 (±5.09) kg, respectively. The phenotypic means and SD for TD milk 

yield along different DIM in the first three lactations are in Table 4. The trend for the 

phenotypic TD milk yield for all lactations showed a lower milk yield at the beginning 

which peaked up immediately starting 30 to 35 DIM. After peak lactation, TD milk yield 

showed a gradual but consistent decline until the end of lactation period (Table 4 and 

Figure 1).   

 

Table 4. Phenotypic means and standard deviations (SD) for test-day milk yield (kg) in 

three lactations of Holstein Friesian cows at selected days in milk (DIM) 

 

 Lactation number 

DIM First Second Third 

     Means SD     Means SD Means     SD 

5 11.47 3.00 12.94 4.66 17.8 2.94 

35 13.91 4.75 15.21 3.69 18.60 2.94 

65 13.48 4.80 14.38 3.48 17.03 4.14 

95 12.88 4.06 13.64 5.18 16.31 3.86 

125 12.11 3.67 12.09 3.82 15.85 3.67 

155 11.51 4.00 12.24 3.59 14.99 3.79 

185 11.12 3.36 11.93 4.38 14.78 3.43 

215 9.86 3.65 11.13 3.11 12.50 2.72 

245 9.65 3.68 11.21 3.10 12.28 3.76 

275 9.44 3.90 9.30 2.58 11.57 3.60 

305 8.99 3.18 7.70 1.80 11.50 3.96 
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Figure 1. Phenotypic means of test-day milk yield (kg) at different stages of first, second 

and third lactations in Holstein Friesian cows in Ethiopia 

 

4.2. Non-Genetic Factors  

 

The least squares means and SE for non-genetic factors of herd, calving year, calving 

season and age affecting the 305-d milk yield are shown in Table 5. The result showed 

that herd, calving year and calving season had a significant (P<0.05) effect on 305-d milk 

yield (Appendix Table 5). Of the two different herds, the higher 305-d milk yield was 

observed in HGIC herd with a difference of about 1172 kg in first lactation. With respect 

to season, cows calved during the short rainy season had a slightly lower milk yield than 

those calved during the long rainy and dry seasons. Calving age had no significant effect 

on 305-d milk yield and therefore no statistically significant differences were observed 

between the milk yield of cows belonging to the different age sub classes.  

 

The least squares means and SE for the factors affecting TD milk yield in the first three 

lactations are presented in Table 6. The table shows that all the fixed effects considered in 

the TD milk yield analysis: herd, calving year, calving season, age at calving classes and 

DIM classes had a significant (P<0.05) effect on TD milk yield in all the first three 

lactations (Appendix Table 6). There were about 3 kg difference in TD milk yield 

between the herds in first and second lactation and 4 kg in third lactation with the HGIC 
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herd performing significantly better than the SPLC herd. The year in which the cows 

calved and also the season of calving had significant effects on TD milk yield. In first 

lactation, cows that calved during the long rainy seasons had a slightly higher TD milk 

yield followed by those that calved during the dry season. Test-day milk yield in second 

and third lactations were higher for those cows that calved during the dry season. No 

statistically significant difference was found in TD milk yield between cows that calved 

during short and long rainy seasons in second and third lactations. Age at calving had a 

significant effect on the TD milk yield and significant differences were also observed in 

TD milk yield between different age sub classes. Higher TD milk yield was obtained 

from cows in younger age groups. Across lactation, TD milk yield varied with DIM with 

the highest observed in DIM 36 to 65 at peak lactation and the lowest towards the end of 

lactation in all first, second and third lactation cows.  

 

Table 5. Least squares means and standard errors (LSM±SE) for the fixed effects on 305-

d milk yield of first lactation Holstein Friesian cattle in Ethiopia  

 

Factors N LSM±SE  

Overall 800 3397±36 

Herd  *** 

SPLC 206 2453±65
a
 

HGIC 594 3625±35
b
 

Calving year  *** 

Calving season  ** 

Dry 326 3096±50
a
 

Short rainy 218 2963±58
b
 

Long rainy 256 3056±58
a
 

Age classes
1
  ns 

1 137 3021±98
a
 

2 203 3037±64
a
 

3 245 3026±57
a
 

4 131 3009±75
a
 

5 84 3098±96
a
 

Note: ns- not significant **Significant (P<0.01), ***Significant (P<0.001), least-squares 

means within a column that do not have a common letter are significantly different 

(P<0.05). 
1
age classes from 1 to 5 represented the calving age classes from young to older 

as indicated in the materials and methods.  



52 

 

Table 6. Least squares means and standard errors (LSM±SE) for the fixed effect on TD 

milk yield by lactation of Holstein Friesian cattle in Ethiopia  

 

 

Factors 

Lactations number 

First Second Third 

N LSM±SE N LSM±SE N LSM±SE 

Overall 6850 11.09±0.13 3996 13.03±0.07 2575 13.87±0.10 

Herd 
 ***  ***

 
 ***

 

SPLC 1705 8.84±0.09
a
 972 9.86±0.20

a
 575 10.07±0.20

a
 

HGIC 5145 11.74±0.05
b
 3024 13.79±0.16

b
 2000 14.63±0.12

b
 

Calving year 
 ***

 
 ***

 
 ***

 

Calving season 
 ***

 
 ***

 
 ***

 

Dry 2880 10.37±0.08
a
 1666 12.18±0.12

a
 1174 12.80±0.16

a
 

Short rainy 1879 9.87±0.09
b
 933 11.64±0.15

b
 474 12.29±0.22

b
 

Long rainy 2091 10.64±0.09
c
 1337 11.63±0.13

b
 927 11.98±0.17

b
 

Age classes
1  ***

 
 ***

 
 ***

 

1 982 12.28±0.12
a
 634 13.31±0.18

a
 454 13.61±0.23

a
 

2 1719 10.89±0.09
b
 998 13.08±0.14

a
 695 13.25±0.19

a
 

3 2177 10.21±0.08
c
 1351 11.70 ±0.12

b
 725 12.51±0.18

b
 

4 1188 9.09±0.11
d
 721 10.30 ±0.17

c
 522 11.25±0.22

c
 

5 784 8.97±0.13
d
 292 10.70 ±0.26

c
 179 11.14±0.35

c
 

Days in milk 
 ***

 
 ***

 
 ***

 

5-35 601 11.92±0.14
a
 331 14.28±0.22

a
 223 15.37±0.29

a
 

36-65 729 12.15±0.13
a
 417 14.65±0.20

a
 272 15.48±0.26

a
 

66-95 733 11.35±0.13
b
 415 13.39±0.20

b
 275 14.37±0.26

b
 

96-125 730 10.74±0.13
c
 420 12.63±0.20

c
 285 13.38±0.25

c
 

126-155 743 10.23±0.1
d
 419 12.09±0.20

c
 277 12.64±0.26

cd
 

156-185 738 9.86±0.13
e
 407 11.23±0.20

d
 266 11.76±0.26

de
 

186-215 713 9.46±0.13
ef

 421 10.79±0.20
de

 254 11.37±0.27
ef

 

216-245 658 9.22±0.13
fg

 401 10.26±0.20
ef

 250 10.70±0.27
f
 

246-275 606 8.99±0.14
gh

 376 9.75±0.21
fg

 237 9.49±0.28
g
 

276-305 599 8.51±0.14
h
 389 9.21±0.21

g
 236 8.69±0.28

g
 

Note: ***Significant (P<0.001), least-squares means within a column that do not have a 

common letter are significantly different (p<0.05).
 1

age classes from 1 to 5 represented 

the calving age classes from young to older as indicated in the materials and methods.  
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4.3.   Model Selection 

 

 4.3.1. Test-day model selection  

 

A combination of several model selection criteria were employed to identify the best 

TDM for estimation of variance components and genetic parameters. Estimates for the 

different model selection criteria used in the model validation: residual variance, log-

likelihood, AIC and BIC solutions from the various TDMs, REP, RRM1, RRM2 and 

RRM3 models are in Table 7. For the different models, solutions from the model selection 

criteria log-likelihood, AIC and BIC ranged from -8535.02 to -89992.72, 17114.03 to 

17993.45, and 17154.42 to 17114.03, respectively.  Based on the log-likelihood, AIC and 

BIC, all RRM models fit the data better than the REP model. Of all the RRMs, the RRM3 

model had the highest log-likelihood and lowest residual variance, AIC and BIC 

estimates than the other models.  

 

Table 7. Model, number of parameters (Np), residual variance (RV), log-likelihood 

(logL),  Akaike information criterion (AIC) and Beyesian information criterion (BIC) 

with different Legendre polynomials orders of fit for test-day milk yield of Holstein 

Friesian cows in Ethiopia 

 

Model Np RV logL AIC BIC 

REP 4 3.35 -8992.72 17993.45 18000.79 

RRM1 8 2.66 -8734.91 17485.81 17500.5 

RRM2 14 2.33 -8618.49 17264.97 17290.67 

RRM3 22 2.06 -8535.02 17114.03 17154.42 

 

The eigenvalues of the additive genetic and permanent environmental covariance matrix 

and their relative proportions for the REP, RRM1, RRM2 and RRM3 models are in Table 

8. In identifying the best model, the proportion of the total variation explained by each 
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eigenvalues of the additive genetic and permanent environment covariance matrix was 

also considered. The first eigenvalue of the covariance matrix explained above 84% of the 

total additive genetic variation in the RRM. Moreover, the first three eigenvalues of the 

covariance matrix explained above 99.93% of the total additive genetic variation in all 

models. Similarly, for permanent environment, the first three eigenvalues accounted for 

more than 93.36% of total variation. The additive genetic and permanent environmental 

variation explained by adding third order Legendre polynomials was 0.07 and 6.64%, 

respectively and were quite insignificant. 

 

Table 8. Eigenvalues with proportions (in brackets) of estimated covariance matrices of 

random regression coefficient for additive genetic and permanent environmental effects 

with different order of Legendre polynomials for test-day models  

 

 

Models 

Eigenvalues 

Additive genetic  

Intercept 

2.46 (100) 

Linear Quadratic Cubic 

REP 

RRM1 2.83 (87.88) 0.39 (12.12)   

RRM2 2.62 (88.63) 0.27 (9.14) 0.07 (2.23)  

RRM3 2.89 (84.04) 0.51 (14.82) 0.04 (1.06) 0.002 (0.07) 

 Permanent environment 

REP 3.58 (100) 

RRM1 3.54 (70.30) 1.50 (29.70)   

RRM2 3.48 (57.23) 1.83 (30.18) 0.76 (12.59)  

RRM3 3.47 (47.47) 2.39 (32.61) 0.98 (13.36) 0.49 (6.64) 
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4.3.2. Modelling permanent environment  

 

In step two of the model validation process four RRMs that vary only in modeling the 

permanent environmental effects were tested to identify the best model. These all four 

models were fitted with second order Legendre polynomials for additive genetic effects 

but the permanent environment was modeled with varying either intercept (RRPE0), first 

(RRPE1), second (RRPE2) or third (RRPE3) order of Legendre polynomials. These 

different competing models were then compared based on estimates of log-likelihood and 

the size of residual variance (Table 9). The table shows that the RRPE3 model fitting third 

order Legendre polynomials for the permanent environmental effects had the lowest 

residual variance (2.05) and highest log-likelihood (-8537.67) estimates than the other 

models.  

 

Table 9. Estimates of log-likelihood and residual variance for RRPE0, RRPE1, RRPE2 and 

RRPE3 models 

 

Models
1
 log-likelihood Residual Variance 

RRPE0 -8657.49 2.38 

RRPE1 -8634.85 2.36 

RRPE2 -8618.49 2.33 

RRPE3 -8537.67 2.05 

Note:
 1

RRPEi denotes a RRM with second order for additive genetic but with varying 

Legendre polynomials for permanent environment curves of order i 

 

The estimated additive genetic and permanent environmental variances for TD milk yield 

during first lactation from RRPE0, RRPE1, RRPE2 and RRPE3 models are in Figures 2 and 

3, respectively. These all four models were fitted with second order Legendre 

polynomials for additive genetic effects but with varying order of the Legendre 
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polynomials for modelling the permanent environmental variances. The result in Figure 2 

shows that the trend for the additive genetic variances from RRPE0 and RRPE1 models 

were not very clear. Estimates of additive genetic variances from the simplest RRPE0 

model were much higher than the other models. The genetic variances estimated from 

RRPE1 model were also higher than the estimates from RRPE2 and RRPE3 models. On the 

other hand, the estimates from the RRPE2 and RRPE3 models followed the same trend 

with slight differences observed in the magnitude of additive genetic variances. The 

additive genetic variances from RRPE2 and RRPE3 models were highest in mid lactation 

and estimates were generally lower during the early stages of lactation. Except at the 

beginning of the lactation, the estimates of permanent environmental variances from 

RRPE2 followed closely the estimates from RRPE3.  

 

 

 

Figure 2. Estimates of additive genetic variances for milk yield at different stages of 

lactation from RRPE0, RRPE1, RRPE2 and RRPE3 models in first lactation Holstein 

Friesian cows in Ethiopia  
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Figure 3. Estimates of permanent environmental variances for milk yield at different 

stages of lactation from RRPE0, RRPE1, RRPE2 and RRPE3 models in first lactation 

Holstein Friesian cows in Ethiopia  

 

Estimates of heritabilities for the models tested with varying order of Legendre 

polynomials for the permanent environmental variance structure are presented in Figure 

4. Heritabilities of daily milk yields varied from 0.25 to 0.51 for RRPE0, 0.19 to 0.37 for 

RRPE1, 0.17 to 0.29 for RRPE2 and 0.13 to 0.28 for RRPE3 models. The RRPE0 model 

had the highest estimates of heritabilities at the beginning and end of lactation and in the 

RRPE1 model the highest heritabilities were observed during mid lactation. On the other 

hand, heritabilities estimated from the RRPE2 and RRPE3 models in general had a very 

similar trend in that it increased consistently towards the end of lactation before starting 

to decline at the end of lactation which is somewhat logical. Moreover, estimates of 

genetic and phenotypic correlations between different TDs from RRPE2 and RRPE3 

models were in general positive and were higher for adjacent TDs and decreased with 

increasing distance between TDs (Appendix Figure 1 and 2). 
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Figure 4. Estimates of heritability for milk yield at different stages of lactation from 

RRPE0, RRPE1, RRPE2 and RRPE3 models in first lactation Holstein Friesian cows in 

Ethiopia 

 

4.4. Estimates of Genetic and Phenotypic Parameters for Milk Yield  

 

The final estimates of genetic parameters for TD milk yield was done by the best 

parsimonious model identified by the model selection criteria. This model was the RRM2 

that fitted second order Legendre polynomials for modeling of additive genetic and 

permanent environmental effects. The estimates of variance components and the resulting 

genetic parameters form the RRM2 model is presented for first lactation data and also for 

multi-lactation data analysis where TD records for the first three lactations have been 

considered. For comparison purposes and to give an overview of the modeling process the 

estimates of genetic and phenotypic parameters from RRM2 is presented along with 

estimates from REP, RRM1 and RRM3 models. 
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 4.4.1. First lactation data analysis 

 

 4.4.1.1. Estimates of variance components of test-day milk yield  

 

The estimated additive genetic and permanent environmental variances across lactation 

from the RRM2 model are given in Figure 5 and 6. Moreover, the estimated additive 

genetic and phenotypic covariances between different TDs are presented in Appendix 

Table 2. Here the intercept, linear, quadratic and cubic orders of Legendre polynomials 

were fitted for modeling both the additive genetic and permanent environmental variances 

in REP, RRM1, RRM2 and RRM3 models, respectively. Estimates of additive genetic 

variances from REP model was 2.46 kg
2
. In most cases, the variances estimated with the 

REP model were greater than those estimated by RRM1, RRM2 and RRM3 models. In 

REP model, the additive genetic and permanent environmental variances were considered 

to be constant throughout the lactation period. The genetic variances estimated from 

RRM1 model ranged from 1.19 to 2.29 kg
2
. The additive genetic variances estimated with 

the RRM1 model were slightly lower at the beginning of lactation and increased 

gradually as lactation progressed. In this model, the highest additive genetic variances 

were observed at the end of lactation. The estimates of additive genetic variances from 

RRM2 and RRM3 models ranged from 1.21 to 1.74 and 1.23 to 2.58 kg
2
, respectively. 

The RRM2  model had a relatively higher additive genetic variance at mid lactation 

(between DIM 185 and 245). On the other hand, the curve for the model with third order 

Legendre polynomials (RRM3) is wiggly and it looked that the RRM3 model was not 

able to accurately model the additive genetic variances at the beginning and towards the 

end of lactation.  

 

When the estimates of permanent environmental variances from the different RRMs were 

compared there were larger differences at the beginning and during mid lactation. The 

estimates of permanent environmental variances from REP model was 3.58 kg
2
 whilst 

from RRM1, RRM2 and RRM3 models ranged from 1.76 to 4.30, 1.88 to 5.45 and 2.20 

to 6.66 kg
2 

, respectively. The permanent environmental variances pattern estimated with 

RRM1 and RRM2 models were higher at the beginning of lactation and was lowest in 
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mid-lactation and increased slightly towards the end of lactation. But for the RRM3 

model except at early lactation the estimates of permanent environmental variances has 

shown no clear trend (Figure 6).  

 

 

 

Figure 5. Estimates of additive genetic variances for milk yield at different stages of 

lactation from REP, RRM1, RRM2 and RRM3 models in first lactation Holstein Friesian 

cows in Ethiopia  
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Figure 6. Estimates of permanent environmental variances for milk yield at different 

stages of lactation from REP, RRM1, RRM2 and RRM3 models in first lactation Holstein 

Friesian cows in Ethiopia  

 

4.4.1.2. Estimates of heritability and repeatability of milk yield 

 

In the present study, estimated heritability of 305-d milk yield from the LAM was 0.30. 

The heritability of TD milk yield for the TDMs fitted with equal order of Legendre 

polynomials for additive genetic and permanent environmental effects is presented in 

Figure 7 and Appendix Table 1. The heritability estimates from the REP model was 0.26 

and this estimate was higher than those estimates from the other RRMs up to 125 DIM. 

On the other hand, the heritability estimates for TD milk yield from RRM1, RRM2 and 

RRM3 models varied from 0.16 to 0.30, 0.17 to 0.29, and 0.18 to 0.29, respectively. The 

size of heritability estimates for milk yield from RRM1 model was lowest at the 

beginning and was highest at the end of lactation. For RRM2 model an increase in the 

heritability estimates was observed up to DIM 230 and followed by slight decrease in late 

lactation. The heritability estimates from RRM3 model shows undulating pattern with ups 
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and downs compared to the other models. In addition, for RRM3 model, a slightly erratic 

heritability estimates was observed at the beginning of the lactation compared to RRM1 

and RRM2 models.  

 

 

 

Figure 7. Estimates of heritability for milk yield at different stages of lactation from REP, 

RRM1, RRM2 and RRM3 models in the first lactation Holstein Friesian cows in Ethiopia  

 

The repeatability of TD milk yield for the TDMs fitted with equal order of Legendre 

polynomials for additive genetic and permanent environmental effects are presented in 

Figure 8. The estimates of repeatability of the REP model was 0.64. The repeatability of 

estimates for TD milk yield from the other models ranged from 0.54 to 0.68, 0.60 to 0.75, 

and 0.65 to 0.82 for RRM1, RRM2 and RRM3 models, respectively. 
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Figure 8. Estimates of repeatability for milk yield at different stages of lactation from 

REP, RRM1, RRM2 and RRM3 models in the first lactation Holstein Friesian cows in 

Ethiopia 

 

4.4.1.3. Genetic and phenotypic correlations for test-day milk yield  

 

The estimates of genetic and phenotypic correlations between milk yields at different 

DIM for RRM1, RRM2 and RRM3 models are given in Table 10. The result showed that 

genetic correlations between different TD milk yield ranged from 0.44 to 0.99, 0.37 to 

0.99, and -0.03 to 1.00, whilst estimates for phenotypic correlations ranged from 0.22 to 

0.68, 0.29 to 0.71 and 0.19 to 0.69 for RRM1, RRM2 and RRM3 models, respectively. 

For RRM1 and RRM2 models, the highest correlations were observed between 

consecutive DIM, whilst the lowest correlations between milk yield at early and late 

lactation periods. As shown in Table 10 with the RRM2 model, genetic correlations 

between adjacent TD were high, but decreased as the length between the TDs increased.  
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Table 10. Estimated genetic correlation (below diagonal) and phenotypic correlation 

(above diagonal) between selected days in milk from RRM1, RRM2 and RRM3 models in 

first lactation Holstein Friesian cows in Ethiopia 

 

RRM1 

 5 35 65 95 125 155 185 215 245 275 305 

5  0.68 0.66 0.63 0.58 0.53 0.48 0.41 0.35 0.28 0.22 

35 0.99  0.66 0.63 0.60 0.55 0.51 0.45 0.39 0.34 0.28 

65 0.97 0.99  0.63 0.61 0.57 0.53 0.49 0.44 0.39 0.34 

95 0.93 0.97 0.99  0.61 0.59 0.56 0.52 0.48 0.44 0.40 

    125 0.87 0.92 0.97 0.99  0.60 0.58 0.56 0.53 0.49 0.46 

155 0.80 0.87 0.92 0.97 0.99  0.59 0.58 0.56 0.54 0.51 

185 0.73 0.80 0.87 0.93 0.97 0.99  0.60 0.59 0.58 0.56 

215 0.65 0.74 0.82 0.89 0.94 0.98 0.99  0.62 0.61 0.61 

245 0.57 0.67 0.76 0.84 0.90 0.95 0.98 1.00  0.64 0.64 

275 0.50 0.60 0.70 0.79 0.86 0.92 0.96 0.98 1.00  0.67 

305 0.44 0.54 0.65 0.74 0.82 0.89 0.94 0.97 0.99 1.00  
RRM2 

5  0.71 0.62 0.52 0.43 0.36 0.32 0.29 0.29 0.30 0.31 

35 0.96  0.67 0.61 0.54 0.49 0.45 0.42 0.39 0.36 0.33 

65 0.84 0.96  0.66 0.62 0.58 0.55 0.51 0.47 0.41 0.33 

95 0.69 0.87 0.97  0.66 0.64 0.61 0.58 0.53 0.45 0.34 

    125 0.56 0.77 0.92 0.99  0.67 0.65 0.62 0.57 0.48 0.36 

155 0.46 0.70 0.87 0.96 0.99  0.67 0.64 0.59 0.51 0.39 

185 0.40 0.65 0.83 0.94 0.98 0.99  0.66 0.62 0.55 0.43 

215 0.37 0.62 0.81 0.92 0.97 0.99 0.99  0.64 0.59 0.50 

245 0.37 0.61 0.80 0.91 0.96 0.98 0.99 0.99  0.63 0.57 

275 0.39 0.62 0.80 0.90 0.95 0.97 0.98 0.99 0.99  0.65 

305 0.44 0.65 0.81 0.89 0.92 0.94 0.95 0.96 0.97 0.99  
RRM3 

5  0.69 0.51 0.39 0.34 0.33 0.35 0.37 0.37 0.33 0.19 

35 0.88  0.67 0.60 0.55 0.50 0.46 0.43 0.40 0.38 0.33 

65 0.57 0.89  0.69 0.65 0.60 0.53 0.46 0.42 0.41 0.39 

95 0.35 0.75 0.97  0.69 0.65 0.58 0.51 0.46 0.44 0.41 

    125 0.26 0.69 0.94 0.99  0.69 0.64 0.58 0.53 0.49 0.42 

155 0.25 0.67 0.93 0.99 1.00  0.68 0.65 0.60 0.54 0.41 

185 0.27 0.68 0.92 0.98 0.99 1.00  0.69 0.66 0.59 0.41 

215 0.29 0.68 0.91 0.96 0.98 0.99 1.00  0.69 0.62 0.43 

245 0.27 0.66 0.89 0.95 0.96 0.98 0.99 1.00  0.66 0.50 

275 0.17 0.58 0.85 0.93 0.96 0.97 0.99 0.99 0.99  0.62 

305 -0.03 0.42 0.76 0.89 0.93 0.95 0.95 0.94 0.95 0.98  
 



65 

 

In general, the results from this study also showed that phenotypic correlations were 

higher for adjacent TDs and decreased with increasing distance between TDs. Phenotypic 

correlations from the RRM1 and RRM2 models were lower than the corresponding 

genetic correlations. On the contrary, starting from about DIM 90, the genetic correlation 

was lower than the phenotypic correlations estimated from RRM3 model.  

 

4.4.2. Multi-lactation data analysis 

 

All estimates of variance components and the corresponding genetic parameters were 

made fitting the RRM2 model which was identified as the best model for describing the 

additive genetic and permanent environmental variance structure in the data. For the 

clarity, in the multi-lactation analysis only results from RRM2 were presented.  

 

4.4.2.1. Estimates of variance components of test-day milk yield   

 

The estimates of residual variance from multi-lactation analysis fitting RRM2 model were 

2.33, 2.75 and 3.06 kg
2
 for first, second and third lactations, respectively. The estimated 

residual variances have increased with the increase in the lactation number. In Figure 9 

and 10, the estimates of additive genetic and permanent environmental variances, 

respectively are shown for different stages of lactation for TD milk yield in the first three 

lactations. The estimated additive genetic variances from first, second and third lactations 

ranged from 1.29 to 2 kg
2
, 1.77 to 2.84 kg

2
 and 1.71 to 3.27 kg

2
, respectively. In all 

lactations, the additive genetic variances decreased at the beginning and increased 

gradually along the lactation trajectory. In the second and third lactations, the higher 

variances were observed at the extreme ends of the lactation periods. Particularly, in the 

first lactation, the additive genetic variances declined gently at the end. The highest 

additive genetic variances for first lactation were at the beginning of lactation and the 

overall pattern of the variances along the lactation trajectory was somewhat consistent 

after early lactation. In general, the result showed that estimated additive genetic 
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variances for first lactation were lower than later lactations. The third lactation had the 

highest estimated additive genetic variances than the first and second lactations.  

 

The estimates of permanent environmental variances ranged from 1.98 to 5.08, 3.17 to 

8.66, and 3.67 to 8.95 kg
2 

in the first, second and third lactations, respectively. The 

permanent environmental variances for milk yield were higher than the corresponding 

additive genetic variances for all lactations. The permanent environmental variances 

showed a marked decline at the beginning of the lactation and were lower in mid and 

increased slightly towards the end of all three lactations. Like the additive genetic 

variances, the estimated permanent environmental variances also showed an increase with 

the increase in the lactation number.  

 

 

 

Figure 9. Estimates of additive genetic variances for milk yield at different stages of 

lactation in the first, second and third lactations for Holstein Friesian cows in Ethiopia 
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Figure 10. Estimates of permanent environmental variances for milk yield at different 

stages of lactation in the first, second and third lactations for Holstein Friesian cows in 

Ethiopia 

 

4.4.2.2. Heritability and repeatability of test-day milk yield  

 

Estimates of daily heritabilities for TD milk yield from multi-lactation analysis are 

presented in Figure 11. Overall the size of estimated heritabilities for TD milk yield 

ranged from 0.15 to 0.28 across lactation in the first three lactations. Heritabilities for 

first, second and third lactations ranged from 0.20 to 0.26, 0.15 to 0.27 and 0.17 to 0.28, 

respectively. In general, the size of heritability estimates were higher between DIM 230 

and 260 than at both ends of lactation. The difference in heritability between first and 

second lactation estimates was very small except at the extreme of lactation. The 

estimates of heritability for third lactation showed marked decline at the early stages of 

lactation and started a sharp increase at DIM 65 which peaked at DIM 245 and declined 

thereafter. Moreover, the repeatability of TD milk yield for the first three lactations are in 

Appendix Table 3.  
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Figure 11. Estimates of heritability for milk yield at different stages of lactation in the 

first, second and third lactations in Holstein Friesian cows in Ethiopia 

 

4.4.2.3. Genetic and phenotypic correlations between lactations   

 

The genetic and phenotypic covariance between the same DIM across lactations are in 

Appendix Table 4. Table 11 presents genetic correlations among TD milk yields at same 
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first and second, first and third and second and third lactations were 0.56, 0.51 and 0.61, 

respectively.  

 

Table 11. Estimates of genetic and phenotypic correlations between first and second (I-

II), first and third (I-III) and second and third (II-III) lactations from the multi-lactation 

random regression test-day model for test-day milk yield in Holstein Friesian cows in 

Ethiopia  

 

 
I-II I-III II-III 

DIM Genetic correlations 

5 0.47 0.36 0.54 

35 0.53 0.44 0.69 

65 0.62 0.50 0.78 

95 0.71 0.54 0.77 

125 0.78 0.56 0.73 

155 0.83 0.58 0.70 

185 0.87 0.62 0.70 

215 0.90 0.67 0.72 

245 0.90 0.73 0.76 

275 0.86 0.77 0.79 

305 0.78 0.75 0.77 

 Phenotypic correlations 

5 0.3 0.17 0.37 

35 0.37 0.28 0.43 

65 0.42 0.36 0.47 

95 0.45 0.41 0.49 

125 0.47 0.43 0.50 

155 0.49 0.43 0.51 

185 0.50 0.44 0.52 

215 0.52 0.45 0.52 

245 0.52 0.46 0.51 

275 0.49 0.47 0.47 

305 0.42 0.46 0.38 
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4.5. Animal Evaluation  

 

 4.5.1. Lactation average model versus random regression test-day model  

 

The analysis of EBVs from the two models showed that EBVs from RRM2 model ranged 

from -680 to 1109 kg, whilst those from LAM ranged from -585 to 686 kg. The SD of 

EBVs for first lactation milk yield from RRM2 and LAM are presented in Table 12. For 

all groups of sires and cows analyzed, the SD of EBVs from the RRM2 was found to be 

higher than LAM. The increase in the SD of EBVs in moving from LAM to a RRM2 

model was relatively higher for the sire group with ≥ 15 daughters than for other sire and 

cow groups.  

 

Table 12. Standard deviations of estimated breeding values from random regression test-

day model (RRM2) and lactation average model (LAM) for group of sires and cows 

 

  

No sires/cows 

Model  

Groups LAM RRM2 

Sires with    

      <  15 daughters 129  125 140 

      ≥ 15 daughters 

Cows 

20 307 349 

      Born after 2007 402 243 260 

 

The correlations between breeding values of the two models were calculated for the 

different groups of sires and cows and is presented in Table 13. The result showed that 

correlations between the EBVs from two models ranged from 0.90 to 0.96 for the 

different groups of animals. In comparison, the correlation between EBVs from LAM and 

RRM2 model were slightly higher for the groups of sires than for the group of cows. The 

correlations between EBVs for the groups of sires were 0.95 and 0.96 whilst for the cows 

group it was 0.90.  
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The rank shift and re-ranking of sires and cows based on estimated EBVs from the two 

models have also been tested. When sires were ranked with respect to their EBVs from 

LAM and RRM2 model, 5 different sires appeared in the top 20 and 6 different sires in 

the top 50. Similarly, when cows were ranked, 8 different cows appeared in the top 20 

cows and 14 different cows in the top 50. The percent of sires on the top 20 group that are 

common and are on both LAM and RRM2 lists was 75% and was 88% for the top 50 

group of sires. On the other hand, for the cows it was 60% for the top 20 cows group and 

was 72% for the top 50 cows group.  

 

Table 13.Correlations between estimated breeding values from lactation average and test-

day random regression test-day model (RRM2) for groups of sires and cows  

 

Groups Correlations 

Sires with  

<  15 daughters 0.95 

≥ 15 daughters 

Cows  

0.96 

Born after 2007  0.90 

 

4.5.2. Phenotypic and genetic trends  

  

 4.5.2.1. Phenotypic trends for 305-d and TD milk yield   

 

Phenotypic trends over the calving years for TD milk yield in the first three lactations are 

in Figure 12. The differences between phenotypic TD milk yield for cows calving in 2013 

and 1991 was 3.56, 5.63 and 9.71 kg in the first, second and third lactation, respectively. 

The annual phenotypic progresses of TD milk yield in the first three lactations across the 

calving years were 0.30, 0.34 and 0.38 kg per year in first, second and third lactations, 

respectively. In all lactations, the TD milk yield showed positive phenotypic progress 

over the calving years.  
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The phenotypic trend of first lactation 305-d milk yield across calving years is presented 

in Figure 13. Similar to TD milk yield, the phenotypic trend of 305-d milk yield from first 

lactation cows showed positive phenotypic progress between 1997 and 2013. The annual 

phenotypic progress of 305-d milk yield was 96 kg.  

 

 

 

Figure 12. Phenotypic trend for test-day milk yield from the first three lactations Holstein 

Friesian cows across calving years in Ethiopia 
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Figure 13. Phenotypic trend for 305-d milk yield (MY) from first lactation Holstein 

Friesian cows over the calving years from 1997 to 2013 in Ethiopia 
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Figure 14. Estimated genetic trend for first lactation 305-d milk yield (MY) from lactation 

average model (LAM) and random regression test-day model (RRM2) for Holstein 

Friesian cows in Ethiopia  
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increased. The highest daily EBV were observed around mid of lactation in the first and 

second lactation for both top and poor cows. In most cases, the poor cows had a negative 

daily EBV much lower than the population average.  

 

 

 

Figure 15. Estimated daily breeding values (EBVs) for top Cow A and poor Cow B for 

milk yield in first, second and third lactations for Holstein Friesian cows in Ethiopia    
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5. DISCUSSION  

 

5.1. Descriptive Statistics  

 

The data for this study was from two big dairy farms involving Holstein Friesian. 

Previous studies on part of the same data have reported a 305-d lactation mean milk yield 

of 3661 and 3084 kg by Ayalew (2014) in multiple lactation and Goshu et al. (2014) in 

first lactation, respectively. The slight difference in the mean 305-d lactation yield 

between the current study and the above mentioned reports could be due to the type and 

size of data set, calving year as well as the methods and functions used for adjusting the 

phenotypic 305-d milk yield. In Ethiopia a much lower 305-d lactation mean of 1720 kg 

has been reported by Effa et al. (2011) for crossbred cattle from multiple lactations. This 

is markedly lower than the higher 305-d milk yield reported in Kenya (4,557), Iran 

(7082.37) and Turkey (5319.91 kg) for Holstein Friesian by Ojango and Pollott (2001), 

Shadparvar and Yazdanshenas (2005) and Kaygisiz (2013), respectively. These 

differences can be explained not only by different environmental conditions, but also 

because of the genetic constitution of the herds. It should be pointed out, from the results 

presented, that the Holstein Friesian cattle might have not reached their production 

potential under the management, nutrition, and climatic conditions in this central tropical 

highlands of Ethiopia. 

 

In dairy cows the level of TD milk yield differed noticeably between lactations. Results in 

general showed that the overall mean TD milk yield of the first lactation cows is clearly 

lower than cows in late lactations. Previous studies (Zavadilová et al., 2005; Tijani et al., 

2010) also reported that the overall means for milk yield increased with lactation number. 

The low milk production during the first lactation may be explained by the fact that cows 

were still growing and nutrients are partitioned for body building and milk production. In 

the present study, the overall mean of the TD milk yield of the first three lactations were 

lower than those reported by Zavadilová et al. (2005) for Holstein cows (18.3, 21.8 and 

23 kg for first, second and third lactations, respectively) in Czech and Tijani et al. (2010) 
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for Holstein cows (18.4, 19.8 and 20.9 kg for first, second and third lactations, 

respectively) in Morocco. Similarly, Costa et al. (2008) and Bignardi et al. (2011) 

working on Brazil Holstein cattle have reported higher first lactation TD milk yield of 

22.53 and 27.45 kg, respectively, than the estimated from the current study.   

 

A more or less similar phenotypic trends for TD milk yield have been reported for 

Holstein cattle by Shadparvar and Yazdanshenas (2005), Abdullahpour et al. (2010) and 

Boujenane and Hila (2012) for first lactation milk yield.  One interesting observation was 

that in the Ethiopian Holstein Friesian the peak lactation was attained at DIM 30 which is 

a bit early when compared to other populations. For instance, Holstein cows in Brazil 

(Santos et al., 2013) and Sahiwal cows in India (Dongre and Gandhi, 2014) peak lactation 

was attained at around eighteenth and seventh weeks of lactation, respectively. 

 

5.2. Non-Genetic Factors  

 

Environmental factors such as herd, calving year, season and age at calving classes have 

marked influences in the milk productivity of cows. In this study the results showed that 

herd, calving year, season and age at calving classes had significant effects on both 305-d 

and TD milk yield. With regard to herd, significant differences were observed between 

the two herds in both 305-d and TD milk yield which was an indication of differences in 

the herds management level. For instance, disease control and feeding regime was much 

better in the HGIC herd and therefore production is expected to be high. Calving year, 

season and age classes affected both 305-d and TD milk yield. In this study, the data 

cover a period of seventeen years and within this period there were marked fluctuations in 

animal management as well as feed supply both in terms of quality and quantity. Because 

of this and other reasons, calving year had a significant effect on 305-d and TD milk 

yield. Calving season had also a significant effect on both 305-d and TD milk yield which 

is mostly related to the quantity and quality of feed supply that is affected by the seasonal 

variations. The results found in this study are consistent with literatures reports. For 

instance, Effa et al. (2011) reported that calving years had significant effects on 305-d 
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milk yield. Boujenane and Hila (2012) working on data from Holstein Friesian cattle also 

showed that calving season and age classes had significant effect on 305-d milk yield.  

 

5.3.   Model Selection 

 

 5.3.1. Test-day model selection  

 

In animal evaluation, identification of the best models for the estimation of genetic 

parameters and prediction of breeding values should be properly selected and indentified. 

In this study models fitting Legendre polynomials with different orders were compared to 

identify efficient but less parameterized model for the estimation of genetic parameters 

for TD milk yield. In model comparison using model selection criteria, models that give 

higher log-likelihood estimates or have lower estimates for residual variance, AIC and 

BIC measures are usually taken to be the best models. In this respect, the result from this 

study showed that with the increase in the number of parameters in the model, there was a 

decrease in the estimates of residual variance agreeing with the results reported by Costa 

et al. (2008), Negussie et al. (2008) and Andonov et al. (2013). Similarly, the log-

likelihood functions increased slightly with increasing order of polynomials agreeing with 

the results presented by Costa et al. (2008). Generally, the estimates of log-likelihood, 

AIC and BIC showed that with the increase in the order of the random regression 

coefficient the models tend to fit the data better. These results are in line with those 

reported for Brazil (Costa et al., 2008; Cobuci et al., 2011) and Iranian (Mohammadi et 

al., 2014) Holsteins. Therefore, when the results are summarized across all model 

selection criteria including estimates of residual variance, log-likelihood, AIC and BIC, 

the model that fits a third order Legendre polynomials for the random effects was 

identified as the best model for the estimation of genetic parameters for milk yield in 

Ethiopian Holstein Friesian. 

 

Eigenvalues represent the amount of variation explained by the corresponding 

eigenfunction (Kirkpatrick et al., 1990). Therefore as an additional model selection 
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criteria the eigenvalues for the random regression coefficients was also computed to 

quantify the contribution of each order of Legendre polynomials. This will help to 

eliminate orders of the Legendre polynomials that accounts for less variation resulting in 

parsimonious model through reduction in the number of parameters fitted. The 

eigenvalues of genetic covariance functions showed that the constant (intercept) term 

accounted between 84 and 88 % of the additive genetic variability for TD milk yield. This 

implies that 12 to 16 % of variability was explained by individual genetic curves of cows. 

On the other hand, the additive genetic variances explained by adding a third order 

Legendre polynomials was close to zero, indicating that adding an order over and above 

the second order doesn’t contribute much in explaining the variation. Moreover, the 

intercept, linear and quadratic coefficients accounted for most of the variations in these 

models, whilst the last eigenvalue in the RRM3 model accounted for very small variation 

and were less important. Similarly, El Faro et al. (2008), Santos et al. (2013) and Torshizi 

et al. (2013) indicated that the intercept and the linear coefficient accounted for most of 

the genetic variation, while the remaining eigenvalues accounted for less variation. 

Therefore, from this result on eigenvalues of covariance functions it can be concluded 

that the RRM2 model fitting second order Legendre polynomials with three regression 

coefficients is enough to model both additive genetic and permanent environmental 

variation adequately.  

 

In principle, the AIC and BIC tests were regarded as being sufficient for model selection, 

but, in fact, a look at the estimates of genetic parameters also proved to be helpful (El 

Faro et al., 2008). In this regard, a close look at the estimates of genetic parameters shows 

that the RRM3 model resulted in biologically implausible genetic parameter estimates. 

This may be due to over parameterization indicating that there are more parameters to be 

estimated than the data can support. This indicates that RRM3 model was over 

parameterized, despite the tendency to adequately fit the data. It has also been found that 

higher order polynomials usually produce "wiggly" structure of variance and parameter 

curves (Kirkpatrick et al., 1990; Meyer, 1998; El Faro et al., 2008). Moreover, Meyer and 

Kirkpatrick (2005) pointed out that RRM using polynomials of cubic, quartic or even 

higher order provide erratic and implausible estimates of variance components and 
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genetic parameters. This is especially observed for data sets that contain few records than 

the order of the polynomials. Studies also indicated that flexibility and robustness should 

also be considered when making decision on the best RRM to be used (Druet et al., 2003; 

Cobuci et al., 2006). Therefore, from the results obtained in this study, the estimates of 

variance components and the structure of genetic parameter estimates suggest that the 

most adequate model to describe the covariance structure of the data is the RRM that 

fitted second order Legendre polynomials for both additive genetic and permanent 

environmental effects.  

 

5.3.2. Modelling permanent environment  

 

In longitudinal data analysis, modeling the permanent environmental effects is 

particularly important for accurate estimation of genetic parameters and breeding values. 

The result from this study showed that with the increase in the order of Legendre 

polynomials for modeling the permanent environmental effects, there was a decrease in 

the residual variance and an increase in the log-likelihood estimates. López-Romero and 

Carabaño (2003) reported that increasing the order of fit for the permanent environmental 

effect resulted in a clear improvement of statistics employed in the model comparison. 

Similarly, in this study, RRPE3 model with the third order for permanent environment 

was the most preferred model whilst the least performing model was RRPE0 that 

considered a common permanent environmental effect. Rekaya et al. (1999) and Cobuci 

et al. (2005) worked on first lactation Holstein cows fitting a common permanent 

environmental effect that resulted in very large heritability estimates and negative genetic 

correlations between TD records which they concluded as one of the least performing 

models for the estimation of genetic parameters. In addition, several authors 

(Brotherstone et al., 2000; Pool et al., 2000; López-Romero and Carabaño, 2003; Liu et 

al., 2006; El Faro et al., 2008; Torshizi et al., 2013) comparing different RRMs indicated 

that fitting higher order for permanent environment than for additive genetic effect was 

selected as the best model.  
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Estimates of additive genetic and permanent environmental variances depend on the 

stages of lactation and the order of the Legendre polynomials fitted in the RRM (Olori et 

al., 1999). In the present study, RRMs used varying order of Legendre polynomials for 

modeling of permanent environmental effect showed different patterns of variances. The 

estimated additive genetic variances from RRPE0 model showed marked decline in the 

genetic variance at the early stages of lactation, suggesting that the model was less robust 

to describe the genetic variance in milk yield during the early lactation period (Cobuci et 

al. 2005). Similar trend for the additive genetic variance was also reported by Jamrozik 

and Schaeffer (1997) from RRM that assumed the permanent environmental variances to 

be constant throughout the lactation. Rekaya et al. (1999) and Cobuci et al. (2005) have 

also reported that additive genetic variances estimated by the RRM when the permanent 

environmental effect was fitted only the intercept term were greater than that estimated by 

a model with equal random regression coefficients for both additive genetic and 

permanent environmental effects. Moreover, RRPE1 model gave a slightly over estimated 

additive genetic variances. These results showed that lower order of Legendre 

polynomials for modeling of permanent environmental variances than additive genetic 

variances could not be able to differentiate the genetic variances. Moreover, the 

differences between RRPE2 and RRPE3 models for estimated variances were not large. 

The additive genetic variances from RRPE2 and RRPE3 models were highest in mid 

lactation and estimates were generally lower during the early stages of lactation. A much 

more similar trend for the additive genetic variance has also been reported by Torshizi et 

al. (2013). This is, however, contrary to Cobuci et al. (2005) who reported a higher 

additive genetic variance towards the beginning and end of lactation by the RRM when 

the permanent environmental and additive genetic effects were fitted with equal order of 

Legendre polynomials. In general, in this study, modeling the permanent environmental 

effect with second or higher order of Legendre polynomials resulted in more reasonable 

additive genetic variances across the different stages of lactation.  

 

In all RRMs, the heritability estimates along the lactation trajectory had a similar shape to 

the genetic variation but were less extreme at the beginning and end of the trajectory 

because of higher permanent environmental variances. The estimates of daily 
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heritabilities showed that varying the combinations of order of Legendre polynomials for 

modeling additive genetic and permanent environmental variation clearly influenced the 

resulting parameter estimates. The inclusion of either the intercept term (RRPE0) or linear 

order Legendre polynomials (RRPE1) for modeling the permanent environment variation 

resulted in wiggly heritability estimates along the trajectory. Similarly, Jamrozik and  

(1997) and Kettunen et al. (1997) reported that daily heritability estimates with higher 

values at both beginning and end of lactations (border or wave effect) was the features of 

a RRM, in which the permanent environmental effect was constant during lactation. 

Similar results have also been reported by Rekaya et al. (1999) and Cobuci et al. (2005) 

for Holstein Friesian cattle population. In general, the assumption of constant permanent 

environment and modeling permanent environment with order of Legendre polynomials 

less than additive genetic effects across lactation did not permit the differentiation 

between variance estimates correctly. Therefore, genetic variances were over estimated 

and resulted in heritability estimates that are higher than those from the other models. The 

heritability estimates from RRPE2 (second order) and RRPE3 (third order) models were 

consistent and more plausible biologically. Various studies have also reported similar 

trends for the heritability curve with lower values at the beginning and an increase across 

lactation followed by slight decline towards the end of lactation (Liu et al., 2000; Druet et 

al., 2003; Negussie et al., 2008, Abdullahpour et al., 2010; Cobuci et al., 2011). On the 

contrary, Strabel et al. (2003) working on data from polish black and white cows reported 

that models with higher order Legendre polynomials for permanent environment than 

additive genetic effects resulted undesired shape of heritability curves.   

 

In general, modeling of the permanent environmental effects with varying orders of 

Legendre polynomials and the comparison among estimates from the competing four 

models (RRPE0, RRPE1, RRPE2 and RRPE3) clearly showed that estimates from RRPE0 

and RRPE1 were wiggly at the beginning and ends of lactation and also resulted in 

unrealistic heritability estimates. On the other hand, the estimates from the model 

selection criteria and the size and structure of genetic parameter estimates indicate that 

models like RRPE2 or RRPE3 with Legendre polynomials of order two or above seem 

best for modeling the permanent environmental effects in the data. In this study even 
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though the model comparison criteria favored RRPE3 model, there was little difference 

between RRPE2 and RRPE3 models and in fact the genetic parameter estimates from 

RRPE2 model looked much better. 

 

5.4.   Estimates of Genetic and Phenotypic Parameters for Milk Yield  

 

 5.4.1. Estimates from first lactation analysis 

 

 5.4.1.1. Estimates of variance components for test-day milk yield 

 

Daily additive genetic and permanent environmental variances for TD milk yield were 

calculated to assess possible changes along the lactation trajectory (Jamrozik and 

Schaeffer, 1997). In this study, the assumptions of constant additive genetic and 

permanent environmental variances across the lactation trajectory resulted in a higher 

additive genetic variances in REP model than the other RRMs. The estimated additive 

genetic variances were lower at the beginning of the lactation and then increase as the 

DIM increased in RRM that fitted linear order Legendre polynomials for both additive 

genetic and permanent environmental effects, and this could be due to the linear 

relationship between DIM and TD milk yield. When the orders increased from linear to 

quadratic, the additive genetic variances were lower at the extreme parts of the lactation 

and the highest estimates were observed in mid lactation. On the other hand, the RRM3, a 

model where the third order Legendre polynomials were used for modeling of additive 

genetic and permanent environmental variances in this study created wiggly trends of 

additive genetic variances along the lactation trajectory. Therefore, this model could not 

very accurately describe the genetic variation during the beginning of lactation. This 

result therefore confirmed that order of Legendre polynomials higher than quadratic 

might not be best for estimating the variance components for this data set.  
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5.4.1.2. Estimates of heritability and repeatability for test-day milk yield  

 

The overall size of heritability estimates from TDMs (REP, RRM1, RRM2 and RRM3 

models) showed slight differences. In general, the heritability estimates for TD milk yield 

from this study ranged from 0.16 to 0.30. These estimates of heritability were slightly 

lower than those reported by Olori et al. (1999), Zavadilová et al. (2005), Costa et al. 

(2008) and Gebreyohannes (2013). With the simplest REP model, it looks that the 

additive genetic variances obtained were overestimated and resulted in markedly higher 

heritability estimate during the first DIM 120. On the contrary, the estimated heritability 

from RRM with second order of Legendre polynomials in general were lower at the 

beginning of lactation and then it increased consistently towards the end of lactation 

before starting to decline in late lactation. The decrease in the estimates of heritability in 

late lactation by RRM2 model was due to the decline in the estimates of additive genetic 

variances and a corresponding increase in the permanent environmental variance towards 

the end of lactation. Such a trend of heritability estimates with lower values at the 

beginning and an increase across lactation, and followed by gentle decline towards the 

end of lactation has been widely reported by Druet et al. (2003) for French Holstein 

cattle, Negussie et al. (2008) for Nordic Red cattle and Abdullahpour et al. (2010) and 

Cobuci et al. (2011) for Iranian Holstein cattle and Brazil Holstein cattle, respectively. 

The wiggly structures observed in the curve of heritability estimates from RRM with the 

cubic order Legendre polynomials (RRM3) was also highly associated to a pattern in the 

additive genetic and permanent environmental variances along the lactation. Strabel and 

Jamrozik (2006) indicated that the heritability curves with oscillatory patterns lack clear 

biological explanations and were assumed to be artifacts of using functions of high order 

to explain random effects in the model which may be the case with RRM3 model. 

 

Basically the size of repeatability estimates was greater than heritability since 

repeatability include the permanent environmental variance. Moreover, the repeatability 

estimates were increased with the increasing the order of Legendre polynomials fitted for 

the additive genetic and permanent environmental effects. The medium to high 

repeatability estimates obtained in this study suggests that early lactation could be used 
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for early prediction of animal genetic abilities in the study population. The repeatability 

estimates from the present study is comparable with those reported by Lidauer et al. 

(2003) and Ilatsia et al. (2007).  

 

Several authors have reported marked variability in heritability estimates of milk yield 

from LAM and TDMs. In the present study heritability estimates of 0.30 from LAM is 

slightly higher than the estimates reported by Akbaş et al. (1999), Shadparvar and 

Yazdanshenas (2005), Santos et al. (2013) and Goshu et al. (2014). On the contrary, Effa 

et al. (2011) reported higher heritability (0.39) for 305-d milk yield for crossbred cattle in 

Ethiopia.  In general, in the current study, the heritability of milk yield from LAM was 

slightly higher than the estimates from the RRM2 model. Strabel and Szwczkowski 

(1997) and Kim et al. (2009) reported heritability estimates of 305-d milk yield from 

LAM that were slightly lower than estimates from a comparable TDM whilst Akbaş et al. 

(1999), Lidauer et al. (2003) and Shadparvar and Yazdanshenas (2005) for Holstein and 

Santos et al. (2013) for Guzerat cattle reported higher heritabilities for LAM than for the 

TDM. The main reasons contributing to these differences could be differences in the data 

set, the models with the assumptions underlying the model.  

 

5.4.1.3. Genetic and phenotypic correlations for test-day milk yield  

 

The genetic correlations between TD milk yields from RRM1, RRM2 and RRM3 models 

were within the range of 0.18 to 1. Several studies (Lidauer et al., 2003; Negussie et al., 

2008; Bignardi et al., 2011; Gebreyohannes, 2013; Torshiz et al., 2013) have reported 

that the genetic correlations for TD milk yield at different stages of lactation are less than 

one. The fact that the genetic correlations are less than unity indicates that milk yield at 

different stages of lactation are clearly different traits. This implies that they are 

controlled by different sets of genes and therefore should be treated as different traits. In 

view of this fact, the combining of the different TD records into one single value as 

practiced with the LAM will lead to a less accurate evaluation of the actual genetic merit 

of animals for milk yield.  
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In RRM2 model, the slight increment of genetic correlations between DIM 5 and late 

lactation could be partly be due to the homogenous residual variance assumed and the 

small size of the data used. Moreover, at the end of lactation, the genetic correlation 

estimates is probably be due to a set of factors related to days open, pregnancy status, etc. 

that make the temporary residual variances larger and highly variables (Costa et al., 

2008). However, the inclusion of all these effects in the model equation might be 

difficult, mainly because the lack of information (Strabel et al., 2005; Costa et al., 2008). 

Santos et al. (2013) have also reported slight increment of genetic correlations at the ends 

of lactation.  

 

In general, results from RRM1 and RRM2 models are in agreement with previous studies 

which have reported that genetic correlations were high for adjacent TDs and decreased 

with increasing distance between TDs (Lidauer et al., 2003; El Faro et al., 2008; Negussie 

et al., 2008; Bignardi et al., 2011; Cobuci et al., 2011). Therefore, lower estimates have 

been reported between TD milk yields at the extreme ends of lactation. Particularly in the 

RRM3 model, the magnitude of genetic correlations estimates were not biologically 

plausible as shown in the negative genetic correlations estimates between early and late 

lactation stages. Though lower correlations are expected between highly distant TDs, 

negative genetic correlations between TD milk yield at different DIM are difficult to 

explain.  

 

As expected, the phenotypic correlations from RRM1 and RRM2 models were lower than 

the corresponding genetic correlations and is in line with the literature reports by El Faro 

et al. (2008), Bignardi et al. (2011) and Gebreyohannes (2013). On the contrary, in this 

study starting DIM 90 the genetic correlations were lower than the phenotypic 

correlations from RRM3 model. This could be due to the increase in the order of 

Legendre polynomials from quadratic to cubic resulting into highly over parameterized 

model. 
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5.4.2. Estimates from multi-lactation analysis  

 

 5.4.2.1. Variance components of test-day milk yield 

 

The goal of dairy selection is to improve lifetime production of cows, which implies 

taking into account the different lactations (Beaumont, 1989). In Ethiopia, genetic 

evaluation of cattle has so far been made under the assumption that different lactations are 

influenced by the same genes. Therefore, the results from this study are an indication of 

that different lactation should be considered as different but correlated traits. In this study, 

residual variance has shown increasing pattern with the increase in the lactation number. 

A steady increase in residual variance with the increase in lactation number has also been 

reported by Tong et al. (1979), Druet et al. (2005) and Zavadilová et al. (2005) in dairy 

cattle and Zumbach et al. (2008) in dairy goats. This study established that heterogeneity 

with respect to additive genetic and permanent environmental variances exists over 

lactations and DIM. Several authors including Tong  et al. (1979), Guo et al. (2002) and 

Druet et al. (2005) have also reported that variances increase with the lactation number. 

In this study, higher additive genetic variances were observed at the extreme ends of 

second and third lactations. This is in line with Zavadilová et al. (2005) who have 

reported high genetic variances at the beginning and end of the first three lactations. On 

the contrary, Rekaya  et al. (1999), Pool et al. (2000) and Druet et al. (2003) showed the 

highest genetic variance in mid-lactation and lower estimates at the beginning and at the 

end of lactation.  

 

Several studies have reported varying trends for the additive genetic variances across the 

lactation period. For instance, Zavadilová et al. (2005), Caccamo et al. (2008) and 

Mohammadi et al. (2014) reported higher estimates of additive genetic variances at the 

beginning and towards the end of the lactation.  On the contrary, higher additive genetic 

variances at the beginning and a declining trend afterward have been reported by El Faro 

et al. (2008). Flores and van der Werf (2015) from their work on data from buffalo 

population have reported higher estimates of additive genetic variance in early and during 

peak lactation.  
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5.4.2.2. Heritability of test-day milk yield  

 

In this study, except at the edges of the lactation periods, the trend of heritability was one 

of increasing with the increase in DIM in all lactations. Similar increase in heritabilities 

with the increase in DIM have been reported by Guo et al. (2002) and Zavadilová et al. 

(2005) in three lactations. The heritabilities among lactations were slightly different; from 

mid to end of lactation. The heritabilities from third lactation were higher than the first 

and second lactations and no clear difference in heritability estimates was observed 

between the first and second lactations. A somewhat similar result has been reported by 

Strabel and Misztal (1999) and Zavadilová et al. (2005) indicating that heritability 

increased with the increase in parity number. On the contrary, other studies reported that 

estimates of heritability for consecutive lactations decreased with increase in lactation 

number (Liu et al., 2000; Guo et al., 2002).  

  

5.4.2.3. Genetic and phenotypic correlations between lactations  

 

One of the key points of breeding programs is selection of young bulls, usually based on 

their daughters’ performance in the first lactation. Because longevity, and hence 

performance in later lactations is also of interest for breeders, the effectiveness of 

selection schemes will depend on the genetic correlations between the first and later 

lactations (Strabel and Jamrozik, 2006). If genetic correlations between different 

lactations are less than unity, this implies different set of gene influence the TD milk yield 

in different lactations. In the present study, genetic and phenotypic correlations between 

TD records depend on the stages of lactation and number of lactation. The genetic and 

phenotypic correlations calculated based on both daily and 305-d basis between lactations 

were higher for adjacent lactations (first and second, and second and third) than those 

estimated between first and third lactations. Several authors have similarly reported that 

genetic correlations of TD milk yield between the first and second lactations were higher 

than the correlations between the first and third lactations (Zavadilová et al., 2005; 

Strabel and Jamrozik, 2006; Tijani et al., 2010). In the present study the genetic 
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correlations between lactations were slightly higher than other studies. For instance, 

Strabel et al. (2004) reported that genetic correlations between adjacent lactations were 

around 0.70 for milk yield whereas between first and third lactations were lower (0.62). 

Similarly, Zavadilová et al. (2005) obtained the genetic correlations of 0.77, 0.75 and 

0.61 between the first and second, second and third, and first and third lactations, 

respectively. In this study, the patterns of genetic correlation showed an increase along 

DIM and a slight decline towards the end of lactations. On the other hand, Strabel and 

Jamrozik (2006) and Tijani et al. (2010) reported the genetic correlations across lactations 

with the smallest estimates at the peripheries of lactation and the highest in the middle of 

lactation.  

 

 

5.5. Animal Evaluation  

 

 

 

 5.5.1. Estimated breeding values from lactation average model versus random  

 regression test-day model   

 

Higher SD of EBVs for TDMs compared to LAMs have been reported for  milk yield  

(Lidauer et al., 2003) and somatic cell score  (Negussie et al., 2006) for the Nordic Red 

cattle. Negussie et al. (2006) worked on both models using data from the Nordic Red 

cattle, concluded that the increase in the SD of EBVs by RRM over and above that from 

LAM could be an indication of better utilization of information in TD records by 

revealing more genetic variation and would enable the selection of superior sires or cows. 

 

 

A close look at the estimates of correlations between EBVs from the two different models 

for the different groups of sires and cows would enable to judge the magnitude of changes 

in animal evaluations in cases of moving from the traditional LAM to the RRM. In 

general, the correlations between sires and cows EBVs estimated in this study from LAM 

and RRM was slightly higher than those reported in literature (Lidauer et al., 2003). A 
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high correlation between sires and cows EBVs from any two different models would 

indicate their equal ability in evaluation of the genetic merit of breeding animals, 

particularly for sires with large number of daughters. Particularly, the relatively lower 

correlations for the cows group could be explained by the availability of less information 

for cows compared to sires. 

 

The results from this study in general showed a correlation that is slightly lower than one 

between EBVs from the LAM and RRM indicating a possible re-ranking and rank 

changes for sires and cows. The result obtained showed that there were significant re-

rankings among the top sires and cows. This is quite expected and is in line with the 

correlations observed between the two models. This is therefore an indication that the 

ranking of cows will be changed in case of moving from LAM to RRM. In general, the 

result from this study in terms of the percent of sires and cows on both lists were slightly 

lower than those reported by Akbaş et al. (1999). Lidauer et al. (2003) also reported 

negligible difference in the ranking ability of the RRM and LAM for milk yield trait 

working on production traits using data from the Nordic Red cattle.  Generally, moving 

from LAM to TDM involves changes, not only in the genetic evaluation system, but also 

in the underlying database and the methods of expression (Van Doormaal and 

Kistemaker, 1999). 

 

5.5.2. Phenotypic and genetic trends for milk yield  

  

 5.5.2.1. Phenotypic trend for milk yield  

 

Phenotypic trend is a change in production per unit of time. All the first three lactations 

showed positive changes over the years and this can be accepted as a reflection of 

improved management and genetic improvement. The phenotypic progress for TD milk 

yield was lowest for first lactation and highest for later lactations. The positive 

phenotypic trend has also been reported by  Roshanfekr et al. (2010) for 305-d lactation 

milk yield with an annual increase of 137.15 kg during 1997 to 2007. On the contrary, 
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Bajwa et al. (2004) reported a phenotypic trend for  305-d milk yield that was negative 

over the years, and Abou-Bakr (2009) reported a negative phenotypic trend for milk yield 

with an overall rate of -91.6 kg per year. Similarly, Tonhati and Lobo (1997) and Bakir 

and Kaygisiz (2009) reported declining phenotypic trends in two different Holstein 

Friesian herds with -3.46 kg and -23.59 kg per year, respectively. Such declining 

phenotypic trend might be attributed to the adverse environmental factors, diseases such 

as, foot and mouth disease, mastitis as well as insufficient feeding of Holstein cattle, 

harsh climatic and geographical conditions could be some of the responsible 

environmental reasons for deterioration of productivity over the years.  

 

5.6.2.2. Genetic trend for milk yield  

 

The success of applying any breeding program is measured by the amount of genetic 

progress achieved by the populations along the successive generations. In this study for 

305-d milk yield trait, both the LAM and RRM had genetic trends in the same direction 

and with almost the same steepness of the curves. Compared to RRM, estimated genetic 

progress in cows was about 2 kg larger when applying LAM from first lactation, 

respectively. Therefore, the regression coefficients of LAM also showed comparable 

progress in the first lactation with that of the RRM trend. Generally, the positive genetic 

trends for milk yield indicate that there was a reasonable genetic improvement over the 

years in the Ethiopian Holstein Friesian cattle population. These results could be due to 

the use of imported semen of the sires having better breeding values for milk yield and 

genetically superior sires during the recent years. The genetic trend was not smooth along 

the birth years of cows and this might be due to the emphasis on selection for higher 

phenotypic mean values rather than based on the genetic merit of the animals and a lack 

of designed genetic improvement program. 

 

The patterns of genetic change in milk yield of Holstein Friesian in the study are 

consistent with the patterns reported by several authors. For instance, Tehani et al. (2008) 

and Yousefi-Golverdi et al. (2012) reported genetic trends of 2.34 and 6.791 kg, 
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respectively, in Iranian Holstein population. The positive but much higher genetic 

progress have been reported by Weller and Ezra (2004), Atil and Khattab (2005) and 

Kunaka and Makuza (2005) with 53.7, 44.85 and 14.4 kg per year, respectively, for 

Holstein dairy cattle. On the other hand, Abdallah and McDaniel (2000) estimated genetic 

trends of -2.5, 27.9, 36.7 and 94.7 kg for milk yield from 1950 to 1993 (in ten years 

period) for Holstein Friesian in North Carolina. In another study, 39.9 kg per year was 

reported for milk yield traits in first lactation Jersey cows (Roman et al., 1999). On the 

contrary, Amimo et al. (2007) reported a genetic trend of -2.1 kg per year for 305-d milk 

yield for Ayrshire cattle in Kenya.  
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6. CONCLUSIONS AND RECOMMENDATIONS 

 

This study addressed some of the most essential methodological aspects of a modern 

dairy cattle evaluation system using data from Holstein Friesian in Ethiopia. The stepwise 

methodological approaches employed were focused on different but interrelated aspects 

of modern animal evaluation system. The four major aspects that this study addressed 

included selection of best TDM, modeling of the permanent environmental variance, 

estimation of the genetic and phenotypic parameters from first and multi-lactation 

analyses and animal evaluation.  

 

In model selection, combinations of several model selection criteria were employed to 

identify a model that is less parameterized and appropriate to the variance structure in the 

data. A summary of the different model selection criteria favored the RRM3 model that 

fitted third order Legendre polynomials for modeling the additive genetic and permanent 

environmental variations and the RRM2 as the second best model. Similarly, the 

modeling of the permanent environmental effects compared several different RRMs with 

varying orders of the Legendre polynomials. Here also the model evaluation criteria 

favored the RRPE3 model with third order Legendre polynomials for permanent 

environment and second order for additive genetic effects as the best followed by the 

RRPE2 model which was exactly the same model as RRM2. In this model comparison, 

although RRPE3 model was favored, no significant difference was found between the 

parameters estimates from the closest competing model (RRPE2). Moreover, the structure 

of variance and heritability estimates from the RRM3 model have shown wiggly curves 

and erratic estimates compared to RRM2. A look at the eigenvalues of the additive 

genetic random regression coefficient matrices clearly indicated that the addition of third 

order in the RRM3 model explained only 0.07 of the variation. Therefore, the RRM2 

model which fits second order Legendre polynomials for additive genetic and permanent 

environment effects had the advantage of giving a biologically reasonable estimates and 

less parameterized parsimonious model that is appropriate to the variance structure in the 

Holstein Friesian data.  
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Evaluation of the genetic merit of dairy cows requires accurate estimates of genetic 

parameters. Genetic parameters for TD milk yield of Ethiopian Holstein Friesian 

population were successfully estimated providing the most important ingredients for 

building the national dairy evaluation model. Genetic parameter estimates from first 

lactation analysis from RRM2 model showed that heritability for TD milk yield were 

from 0.17 to 0.29 and genetic correlations across the different stages of lactation ranged 

from 0.37 to 0.99. A genetic correlation that is less than unity indicated that milk yield at 

different TDs are indeed different traits. Therefore, combining them into a single lactation 

average yield as practiced with the traditional LAM may lead to bias in the evaluation of 

the genetic merit of dairy animals. Similarly, the results from the multi-lactation analysis 

(the first three lactations) showed that correlations among the first three lactations ranged 

from 0.70 to 0.88. This correlation is much less than unity and suggests that in Holstein 

Friesian multi-lactation analysis should be taken as the most appropriate dairy animals 

evaluation strategy.  

 

The comparison between the RRM2 and LAM showed the correlations between breeding 

values from the two models were slightly lower and ranged from 0.90 to 0.96. Besides, 

the use of TDMs for the genetic evaluation of animals resulted in more efficient use of 

available information as evidenced with the higher SD of EBVs for the different groups 

of breeding animals than the traditional LAM. This is therefore an indication that, in view 

of the SDs and correlations between the EBVs from the two models, some changes in the 

ranking of top sires and cows are expected. In this evaluation, positive phenotypic and 

genetic trends were found for milk yield for Holstein Friesian cows. These positive trends 

could be an indication of improvement in terms of genetics and management. The genetic 

progress might possibly be due to importation of genetically improved semen from 

different developed countries. Although the present study was limited to milk yield and 

few herds of Holstein Friesian, it initiates and illustrates the usefulness of routine animal 

evaluation applying modern statistical methods preferably using multi-lactation TD 

animal models.  
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Based on the results of this study, the following recommendations are outlined: 

 

o The accuracy of animal evaluation depends on the quality of performance 

information used. Therefore building a sound dairy herd performance recording 

systems and ensuring quality data keeping and edition procedures should be taken 

as a most important and crucial steps to ascertain optimum genetic progress in 

dairy sectors.  

o The accuracy of estimates of parameters and breeding values depends on the size 

of the data used for the analysis. Therefore, future studies should embark upon 

large data sets which could also used to verify the estimates from this study. 

o The genetic improvement of one production trait is highly dependent on other 

correlated traits in the breeding goal. For that reason, important dairy production 

traits, for instance protein, fat yields and etc. should be included in the future 

routine dairy herd performance recording practices.  

  



96 

 

7. REFERENCES 

 

Abdallah J.M. and McDaniel B.T. (2000). Genetic parameters and trends of milk, fat, 

days open, and body weight after calving in North Carolina experimental herds. J. 

Dairy Sci., 83: 1364-1370.  

Abdullahpour R., Shahrbabak M.M., Nejati-Javaremi A. and Torshizi R.V. (2010). 

Genetic Analysis of Dairy milk, fat and protein percentage of Iranian first 

lactation Holstein cattle. World Appl. Sci. J., 10: 1042-1046.  

Abdullahpour R., Shahrbabak M.M., Nejati-Javaremi A., Torshizi R.V. and Mrode R. 

(2013). Genetic analysis of milk yield, fat and protein content in Holstein dairy 

cows in Iran: Legendre polynomials random regression model applied. Archiv 

Tierzucht, 56: 497-508.  

Abou-Bakr S. (2009). Genetic and phenotypic trends of 305-d milk yield of Holstein 

cows raised at commercial farm in Egypt. Egyptian J. Anim. Prod., 46: 85-92. 

Acquah H.de.G. (2010). Comparison of Akaike Information Criterion (AIC) and 

Bayesian Information Criterion (BIC) in selection of an asymmetric price 

relationships. J. Dev. Agric. Econ., 2:1-6. 

Ahmed M.A.M., Ehui S. and Assefa Y. (2004). Dairy Development in Ethiopia. EPTD 

discussion paper No. 123. International Food Policy Research Institute. 

Washington, DC. U.S.A. 41p. 

Akaike H. (1973). Information theory and an extension of the maximum likelihood 

principle. In B. N. Petrov & F. Caski (Eds.), Proceedings of the Second 

International Symposium on Information Theory. Budapest: Akademiai Kiado. Pp. 

267-281.  

Akbaş Y., Kaya İ., Uzmay C., Yakupoğlu Ç. and Ünver Y. (1999).  Breeding value 

estimation of dairy cattle using test day milk yields. Turkish agriculture and natural 

scientists, German-Turkish Agricultural Research. 6
th

 Symposium on 27 September 

- October 2, 1999 at the University of Giessen, Giessen, Germany.  

Ali T.E. and Schaeffer L.R. (1987). Accounting for covariances among test day milk 

yields in dairy cows. Can. J. Anim. Sci., 67: 637-644.  



97 

 

Amimo J.O., Wakhungu J.W., Inyangala B.O. and Mosi R.O. (2007). The effects of non-

genetic factors and estimation of genetic and phenotypic parameters and trends for 

milk yield in Ayrshire cattle in Kenya. Livestock Res. Rural Development 19: 1-9. 

Andonov S., Ødegård J., Svendsen M., Ådnøy T., Vegara M. and Klemetsdal G. (2013). 

Comparison of random regression and repeatability models to predict Breeding 

values from test-day records of Norwegian goats. J. Dairy Sci., 96: 1834-1843.  

Assefa G. (2010). Experience at EIAR on dairy research and development in Ethiopia. 

National Dairy Forum, November 23-24 2010, Addis Ababa, Ethiopia,.  

Atil H. and Khattab A.S. (2005). Estimates of genetic trends for productive and 

reproductive traits of Holstein Friesian cows in Turkey. Pakistan J. Biological Sci., 

8: 202-205.  

Ayalew W. (2014). Estimation of genetic parameters for productive and reproductive 

traits of Holstein Friesian dairy cattle fitting multivariate animal model at Holetta 

bull dam farm, Ethiopia.  M.Sc. Thesis. Jimma University Ethiopia.   

Bajwa I.R., Khan M.S., Khan M.A. and Gonda K.Z. (2004). Environmental factors 

affecting milk yield and lactation length in Sahiwal cattle. Pakistan Vet. J., 24: 23-

27. 

 Bakir G. and Kaygisiz A. (2009). Estimation of genetic and phenotypic trends heritability 

and repeatability for some production traits of Holsteins. Kafkas University Vet. 

Fak. Derg., 15: 879-884. 

Beaumont C. (1989). Restricted maximum likelihood estimation of genetic parameters for 

first three lactations in the Montbéliarde dairy cattle breed. Genet. Sel. Evol., 21: 

493-506.  

Bignardi A.B., El Faro L., Cardoso V.L., Machado P.F. and de Albuquerque L.G. (2009). 

Random regression models to estimate test-day milk yield genetic parameters 

Holstein cows in Southeastern Brazil. Livest. Prod. Sci., 123: 1-7.  

Bignardi A.B., El Faro L., Torres Júnior R.A.A., Cardoso V.L., Machado P.F. and 

Albuquerque L.G. (2011). Random regression models using different functions to 

model test-day milk yield of Brazilian Holstein cows. Genet. Mol. Biol., 10: 3565-

3575. 



98 

 

Bilal G., Khan M. S., Bajwa I. R. and Shafiq M. (2008). Genetic control of test-day milk 

yield in Sahiwal cattle. Pakistan Vet. J., 28: 21-24.  

Bilal G. and Khan M.S. (2009). Use of test-day milk yield for genetic evaluation in dairy 

cattle. Pakistan Vet. J., 29: 35-41. 

Boake C.R.B. (1989). Repeatability: its role in evolutionary studies of mating behavior. 

Evolutionary Ecology 3: 173-182. 

Bormann J., Wiggans G., Druet T. and Gengler N. (2003). Within-herd effects of age at 

test-day and lactation stage on test-day yields. J. Dairy Sci., 86: 3765-3774. 

Boujenane I. and Hila B. (2012). Genetic and non-genetic effects for lactation curve traits 

in Holstein-Friesian cows. Archiv Tierzucht, 55: 450-457.   

Brotherstone S., White I.M.S. and Meyer K. (2000). Genetic modeling of daily milk 

yields using orthogonal polynomials and parametric curves. Anim Sci., 70: 407-415. 

Burnham K.P. and Anderson D.R. (1998). Model selection and inference: a practical 

information, theoretic approach. Springer-Verlag, New York, USA. 

Burnham K.P. and Anderson D.R. (2002). Model selection and multimodel inference: a 

practical information-theoretic approach, 2
nd

 edn. Springer, New York. USA.  

Caccamo M., Veerkamp R.F., de Jong G., Pool M.H., Petriglieri R. and Licitra G. (2008). 

Variance components for test-day milk, fat, and protein yield, and somatic cell 

score for analyzing management information. J. Dairy Sci., 91: 3268-3276.  

Chebo C. and Alemayehu K. (2012). Trends of cattle genetic improvement programs in 

Ethiopia: Challenges and opportunities. Livestock Research for Rural Development. 

Volume 24, Article #109. (http://www.lrrd.org/lrrd24/7/cheb24109.htm) 

Cobuci J.A., Euclydes R.F., Lopes P.S., Costa C.N., Torres R.A. and Pereira C.S. (2005). 

Estimation of genetic parameters for test-day milk yield in Holstein cows using a 

random regression model. Genet. Mol. Bio., 28: 75-83.  

Cobuci J.A., Costa C.N., Teixeira N.M. and Freitas A.F. (2006). Use of Legendre 

polynomials and Wilmink function in genetic evaluations for persistency of 

lactation in Holstein cows. Arq. Bras. Med. Vet. Zootec., 58: 614-623. 

Cobuci J.A., Costa C.N., Braccini N.J. and de Freitas A.F. (2011). Genetic parameters for 

milk production by using random regression models with different alternatives of 

fixed regression modeling. R. Bras. Zootec., 40: 557-567.  

http://www.lrrd.org/lrrd24/7/cheb24109.htm


99 

 

Costa C.N., de Melo C.M.R., Packer I.U., de Freitas A.F., Teixeira N.M. and Cobuci J.A. 

(2008). Genetic parameters for test day milk yield of first lactation Holstein cows 

estimated by random regression using Legendre polynomials. R. Bras. Zootec., 37: 

602-608. 

CSA (Central Statistical Authority) (2011). Agricultural Sample Survey 2010/11.volume 

II-Report on Livestock and Livestock Characteristics. Statistical Bulletin. Addis 

Ababa, Ethiopia: CSA. 

CSA (Central Statistics Authority) (2013). Agricultural sample survey 2011/2012. Vol. II. 

Report on livestock and livestock characteristics. Statistical Bulletin. Addis Ababa, 

Ethiopia: CSA. 

Dayton C.M. (2003). Model comparisons using information measures. J. Mod. Appl. Stat. 

Meth., 2: 281-292.  

de Leeuw P.N., Omore A., Staal S. and Thorpe W. (1999). Dairy production systems in 

the tropics. In: Smallholder Dairying in the Tropics. (Eds. L. Falvey and C. 

Chantalakhana). ILRI (International Livestock Research Institute), Nairobi, Kenya. 

pp. 19-44.  

de Roos A.P.W., Harbers A.G.F. and de Jong G. (2002). Herd specific random regression 

curves in a test-day model for protein yield in dairy cattle. Proc. 7
th

 World Congress 

on Genetics Applied to Livestock Production, Montpellier, France, 29, 55.  

Gebremedhin D. (2008). Assessment of problems/constraints associated with artificial 

insemination service in Ethiopia. MSc thesis, Addis Ababa University, Ethiopia.  

Diggle P.J., Liang K.Y. and Zeger S.L. (1994). Analysis of longitudinal data. Oxford 

University Press, New York.  

Dongre V.B. and Gandhi R.S. (2014). Genetic and phenotypic parameters of fortnightly 

test day and first lactation 305-day or less milk yield in Sahiwal cattle. Int. J. Livest. 

Res., 4: 17-20.  

Druet T. and Ducrocq V. (2006). Innovations in software packages in quantitative 

genetics. Paper no. 27-10. World Congress on Genetics Applied to Livestock 

Production, Belo Horizonte, Brazil. 



100 

 

Druet T., Jaffrezic F., Boichard D. and Ducrocq V. (2003). Modeling lactation curves and 

estimation of genetic parameters for first lactation test-day records of French 

Holstein cows. J. Dairy Sci., 86: 2480–2490.  

Druet T., Jaffrézic F. and Ducrocq V. (2005). Estimation of genetic parameters for test 

day records of dairy traits in the first three lactations. Genet. Sel. Evol., 37: 257-

271.   

Ducrocq V. and Wiggans G. (2015). Genetic improvement of dairy cattle. The Genetics 

of Cattle, 2
nd

 edition. Garrick, D.J., and Ruvinsky, A. (eds.). Chapter 15, pp. 371–

396. CAB International, Wallingford, Oxford shire, UK.  

Dzomba E.F., Nephawe K.A., Maiwashe A.N., Cloete S.W.P., Chimonyo M., Banga 

C.B., Muller C.J.C. and Dzama K. (2010). Random regression test-day model for 

the analysis of dairy cattle production data in South Africa. S. Afr. J. Anim. Sci., 40: 

273-284.  

Effa K., Wondatir Z., Dessie T. and Haile A. (2011). Genetic and environmental trends in 

the long term dairy cattle genetic improvement programmes in the central tropical 

highlands of Ethiopia. J. Cell Anim. Biol., 5: 96-104.  

El Faro L., Cardoso V.L. and de Albuquerque L.G. (2008). Variance component 

estimates for test-day milk yield applying random regression models. Genet. Mol. 

Biol., 31: 665–673.  

Falvey L. and Chantalakhana C. (eds.) (1999). Smallholder Dairying in the Tropics. ILRI 

(International Livestock Research Institute), Nairobi, Kenya. 462 pp.  

Felleke G. and Geda G. (2001). The Ethiopian Dairy Development Policy: A Draft Policy 

Document. Ministry of Agriculture/AFRDRD/AFRDT Food and Agriculture 

Organization/SSFF. Addis Ababa, Ethiopia.  

Ferreira  W.J., Teixeira N.M., Torres R.A. and Silva M.V.G.B. (2002). Utilizao da produo 

de leite no dia do controlena avaliao genetica em gado de leite - Uma reviso. Arch. 

Latinoam. de Prod. Anim., 104: 6-53. (in Portuguese)  

Flores E.B. and van der Werf J. (2015). Random regression test day models to estimate 

genetic parameters for milk yield and milk components in Philippine dairy 

buffaloes. J. Anim. Breed. Genet., 132: 289-300.  



101 

 

Foulley J.L. and Van Dyk D. (2000). The PX-EM algorithm for fast stable fitting of 

Henderson's mixed model. Genet. Select. Evol., 32: 143-163. 

Gebre  Wold A., Alemayehu M., Demeke S., Dediye S. and Tadesse A. (2000). Status of 

dairy research in Ethiopia. In the role of village dairy co-operatives in dairy 

development. Smallholder dairy development project Proceeding, Ministry of 

Agriculture (MoA). Addis Ababa, Ethiopia.  

Gebreyohannes G., Koonawootrittriron S., Elzo M.A. and Suwanasopee T. (2012). 

Fitness of lactation curve functions to daily and test-day milk data in an Ethiopian 

dairy cattle population. Annual Meeting Abstracts, Poster Presentation. J. Anim. 

Sci., Volume 90, Supplement 3, July 15-20, 2012.  

Gebreyohannes G. (2013). Genetic evaluation for lactation pattern and milk production 

traits of Dairy Cattle in a multi breed population in Ethiopia. PhD Thesis, Kasetsart 

University. Bangkok, Thailand. 146 Pages. 

Gelfand A.E. (1996). Model determination using sampling-based  methods. In: Gilks, 

W.R., Richardson, S., Spiegelhalter, D.J. (Eds.), Markov Chain Montecarlo in 

Practice. Chapman and Hall.  

Gengler N., Tijani A., Wiggans G.R. and Misztal I. (1999). Estimation of (Co)variance 

Function Coefficients for Test-day Yield with a Expectation-Maximization 

Restricted Maximum Likelihood Algorithm. J. Dairy Sci., 82: 1849.e1-1849.e23 

Goshu G., Singh H., Petersson K.J. and Lundehei N. (2014). Heritability and correlation 

among first lactation traits in Holstein Friesian cows at Holeta Bull Dam Station, 

Ethiopia. Int. J. Livest. Prod., 5: 47-53.  

Guo Z. and Swalve H.H. (1997). Comparison of different lactation curve sub-models in 

test day models. Interbull meeting. Vienna, International Bull Evaluation Service, 

Uppsala, Sweden. Interbull Bull., 16:75-79. 

Guo Z., Lund M.S., Madsen P., Korsgaard I. and Jensen J. (2002). Genetic parameter 

estimation for milk yield over multiple parities and various lengths of lactation in 

Danish Jerseys by random regression models, J. Dairy Sci., 85:1596-1606. 

Haile A., Joshi B.K., Ayalew W., Tegegne A. and Singh A. (2009). Genetic evaluation of 

Ethiopian Boran cattle and their crosses with Holstein Friesian in central Ethiopia: 

milk production traits. Animal 3: 486-493. 



102 

 

Haile A., Ayalew W., Kebede N., Dessie T. and Tegegne A. (2011). Breeding strategy to 

improve Ethiopian Boran cattle for meat and milk production. IPMS (Improving 

Productivity and Market Success) of Ethiopian Farmers Project Working Paper 26. 

Nairobi, Kenya, ILRI (International Livestock Research Institute).  

Haile G. (2009). The impact of global economic and financial crisis on the Ethiopian 

dairy industry. Impact of the global economic crisis on least developed countries’ 

(LDCs) productive capacities and trade prospects: Threats and opportunities, Least 

Developed Countries Ministerial Conference, UNIDO, UN-OHRLLS, 3-4 

December 2009, Vienna International Center, Austria.  

Hammoud M.H. and Salem M.M.I. (2013). The Genetic Evaluation of Some First 

Lactation Traits of Holstein Cows in Egypt. Alex. J. Agric. Res., 58: 1‐8.   

Henderson C.R. (1973). Sire evaluation and genetic trends. In Proceedings of the Animal 

Breeding and Genetics Symposium in Honour of Dr. Jay L. Lush, pp. 10-41. 

Champaign, Illinois: American Society of Animal Science and American Diary 

Science Association. 

Ilatsia E.D., Muasya T.K., Muhuyi W.B. and Kahi A.K. (2007). Genetic and phenotypic 

parameters for test day milk yield of Sahiwal cattle in the semi-arid tropics. Animal, 

1: 185-192.  

Interbull (2009). Proceedings of the Interbull Meeting in Barcelona, Spain, August 21-24, 

2009. 

Interbull (2012). Description of National Genetic Evaluation Systems for dairy cattle 

traits as applied in different Interbull member countries. 

Jamrozik J. and Schaeffer L.R. (1997). Estimates of genetic parameters for a test-day 

model with random regressions for yield traits of first lactation Holsteins. J. Dairy 

Sci., 80: 762-770. 

Jamrozik J., Kistemaker G.J., Dekkers J.C.M and Shaeffer L.R. (1997a). Comparison of 

possible covariates for use in a random regression model for analyses for test-day 

yields. J. Dairy Sci., 80: 2550-2556.  

Jamrozik J., Schaeffer L.R. and Dekkers J.C.M. (1997b). Genetic evaluation of dairy 

cattle using test day yields and random regression model. J. Dairy Sci., 80: 1217-

1226. 



103 

 

Jensen J. (2001). Genetic evaluation of dairy cattle using test-day models. J. Dairy Sci., 

84: 2803-2812.  

Kaya I., Akbas Y. and Uzmay C. (2003). Estimation of breeding values for dairy cattle 

using test-day milk yields. Turkish J. Vet. Anim. Sci., 27: 459-464.  

Kaygisiz A. (2013). Estimation of genetic parameters and breeding values for dairy cattle 

using test-day milk yield records. J. Anim. Plant. Sci. 23: 345-349.  

Ketema H. and Tsehay R. (1995). Dairy production systems in Ethiopia. In: Proceedings 

of a workshop entitled: Strategies for market orientation of small scale milk 

producers and their organizations. 20-24 March, 1995, Morogoro, Tanzania.  

Kettunen A., Mäntysaari E.A. and Strandén I. (1997). Analysis of first lactation test day 

milk yields by random regression model. Pages 39-42 in Proc. Open Session 

INTERBULL Annu. Mtg., Vienna, Austria, Aug. 28-29, 1997. Int. Bull Eval. Serv. 

Bull. No. 16. Dep. Anim. Breed. Genet., Sveriges Lantbruks Universitet, Uppsala, 

Sweden. 

Khan M.S., Bilal G., Bajwa I.R., Rehman Z. and Ahmad S. (2008). Estimation of 

breeding values of Sahiwal cattle using test day milk yields. Pakistan Vet. J., 28: 

131-135. 

Kim B., Lee  D., Lee D., Jeon J. and Lee J. (2009). Estimation of genetic parameters for 

milk production traits using a random regression test-day model in Holstein cows in 

Korea. Asian-Aust. J. Anim. Sci., 22: 923-930.  

Kirkpatrick M., Lofsvold D. and Bulmer D. (1990). Analysis of the inheritance, selection 

and evolution of growth trajectories. Genetics 124: 979-993.  

Kirkpatrick M., Hill W.G. and Thompson R. (1994). Estimating the covariance structure 

of traits during growth and ageing, illustrated with lactation in dairy cattle. Genet. 

Res., 64: 57-69.  

Kunaka K. and Makuza S.M. (2005). Genetic and environmental trends for milk traits in 

the Zimbabwean Holstein-Friesian Population. Pakistan J. Biological Sci., 8: 1011-

1015.  

Land O'Lakes (2010). The next stage in dairy development for Ethiopia: Dairy value 

chains, end markets and food security. Addis Ababa, Ethiopia: Land O'Lakes Inc. 



104 

 

Lidauer M., Mäntysaari E.A. and Strandén I. (2003). Comparison of test-day models for 

genetic evaluation of production traits in dairy cattle. Livest. Prod. Sci., 79: 73-86. 

Liu Z., Jamrozik J. and Jansen G. (1998). A Comparison of fixed and random regression 

models applied to dairy test-day production data. Interbull Bull., 17: 60-63.  

Liu Z., Reinhardt F and Reents R. (2000). Estimating parameters of a random regression 

test day model for first three lactation milk production traits using the covariance 

function approach. Interbull Bull., 25: 74-80. 

Liu Y.X., Zhang J., Schaeffer L.R., Yang R.Q. and Zhang W.L. (2006). Optimal random 

regression models for milk production in dairy cattle. J. Dairy Sci., 89: 2233-

2235.  

López-Romero P. and Carabaño M.J. (2003). Comparing alternative random regression 

models to analyse first lactation daily milk yield data in Holstein Friesian cattle. 

Livest. Prod. Sci., 82: 81-96. 

LSA (2015). Livestock sector analysis report, Ministry of Agriculture Ethiopia. 

Unpublished.  

Madsen P. and Jensen J. (2013). DMU A Package for Analysing Multivariate Mixed 

Models. Version 6, release 5.2. Center for Quantitative Genetics and Genomics 

Dept. of Molecular Biology and Genetics, University of Aarhus Research Centre 

Foulum Box 50, 8830 Tjele Denmark. 

Meyer K. (1998). Estimating covariance functions for longitudinal data using a random 

regression model. Genet. Sel. Evol., 30: 221-240. 

Meyer K. (2003). Random regression models for analysis of longitudinal data in animal 

breeding. In: Proceedings 54th Session of the International Statistical Institute, 

2003, Berlin. 

Meyer K. and Kirkpatrick M. (2005). Up hill, down dale: Quantitative genetics of 

curvaceous traits. Philos. Trans. R. Soc. Lond. B Biol. Sci., 360: 1443–1455. 

Meyer K. (2006). PX x AI: algorithmics for better convergence in restricted maximum 

like-likelihood estimation. Eighth World Congr. Genet. Appl. Livest. Prod. 

Communication No. 24–15.  



105 

 

Misztal I., Strabel T., Jamrozik J., Mäntysaari E.A. and Meuwissen T.H.E. (2000). 

Strategies for estimating the parameters needed for different test-day models. J. 

Dairy Sci., 83: 1125-1134.  

Misztal I. (2008). Reliable computing in estimation of variance components. J. Anim. 

Breed. Genet., 125: 363-370. 

Mohammadi A., Alijani S. and Daghighkia H. (2014). Comparison of different 

polynomial functions in Random Regression Model for milk production traits of 

Iranian Holstein dairy cattle. Ann. Anim. Sci., 14: 55-68.  

Montaldo H.H., Castillo-Juarez H., Valencia-Posadas M., Cienfuegos-Rivas E.G. and 

Ruiz-Lopez F.J. (2010). Genetic and environmental parameters for milk production, 

udder health, and fertility traits in Mexican Holstein cows. J. Dairy. Sci., 93: 2168-

2175. 

Mostert B.E., Theron H.E., Kanfer F.H.J. and Van Marle-Köster E. (2006a). Fixed 

regression test-day models for South African dairy cattle for participation in 

international evaluations. S. Afr. J. Anim. Sci., 36: 58-70. 

Mostert B.E., Theron H.E., Kanfer F.H.J. and Van Marle-Köster E. (2006b). Comparison 

of breeding values and genetic trends for production traits estimated by a lactation 

model and a fixed regression test-day model. S. Afr. J. Anim. Sci., 36: 71-78. 

Muir B.L., Kistemaker G., Jamrozik J. and Canavesi F. (2007). Genetic parameters for a 

multiple-trait multiple-lactation random regression test-day model in Italian 

Holsteins. J. Dairy Sci., 90: 1564-1574. 

Negussie E., Koivula M., Mäntysaari E.A. and Lidauer M. (2006). Genetic evaluation of 

somatic cell score in dairy cattle considering first and later lactations as two 

different but correlated traits. J. Anim. Breed. Genet., 123: 224-238.  

Negussie E., Stranden I. and Mäntysaari E.A. (2008). Genetic association of clinical 

mastitis with test-day somatic cell score and milk yield during first lactation of 

Finnish Ayrshire cows. J. Dairy Sci., 91: 1189–1197. 

Nibret  M. (2012). Study on reproductive performance of crossbred dairy cows under 

small holder conditions in and around Gondar, North Western Ethiopia. Journal of 

Reproduction and Infertility 3: 38-41. 



106 

 

Ødegard J., Jensen J., Klemetsdal G., Madsen P. and Heringstad B. (2003). Genetic 

analysis of somatic cell score in Norwegian cattle using random regression test-day 

models. J. Dairy Sci., 86: 4103-4114. 

Oikawa T. and Sato K. (1997). Treating small herds as fixed or random in an animal 

model. J. Anim. Breed. Genet., 114:177-183.  

Ojango J.M.K. and Pollott G.E. (2001). Genetics of milk yield and fertility traits in 

Holstein-Friesian cattle on large-scale Kenyan farms. J. Anim. Sci., 79: 1742-1750. 

Olori V.E., Hill W.G., Mcguirk B.J. and Brotherstone S. (1999). Estimating variance 

components for test day milk records by restricted maximum likelihood with a 

random regression animal model. Livest. Prod. Sci., 61: 53-63. 

Pool M.H. and Meuwissen T.H.E. (1999). Prediction of daily milk yields from a limited 

number of test-days using test-day models. J. Dairy Sci., 82: 1555-1564.  

Pool M.H., Janss L.L.G. and Meuwissen  T.H.E. (2000). Genetic parameters of Legendre 

polynomials for first-parity lactation curves. J. Dairy Sci., 83: 2640-2649. 

Powel R.L. and Norman H.D. (1981). Different lactations for estimating genetic merit of 

dairy cows. J. Dairy Sci., 64: 321-330. 

Ptak E. and Schaeffer L.R. (1993). Use of test-day yields for genetic evaluation of dairy 

sires and cows. Livest. Prod. Sci., 34: 23-34. 

Reda T. (2002). Small-scale milk marketing and processing in Ethiopia. In: Smallholder 

dairy production and market opportunity and constraints. Proceeding of a south-

south workshop held at NDDB, Anand, India, 13-16 March 2001. PP.352-367. 

NDDB (National Dairy Development Board), Anand, India, and ILRI (International 

Livestock Research Institute), Nairobi, Kenya.  

Reents R., Jamrozik  J., Schaeffer L.R. and Dekkers J.C.M. (1995). Estimation of genetic 

parameters for test-day records of somatic cell score. J. Dairy Sci., 78: 2847-2857. 

Reents R. (1996). The use of test day models in genetic evaluation. Interbull Bull., 12: 

234-243 

Reents R., Dopp L., Schmutz M. and Reinhardt F. (1998). Impact of application of a test-

day model to dairy production traits on genetic evaluation of cows. Interbull Bull., 

17: 49-54. 



107 

 

Rekaya R., Carabaño M.J. and Toro M.A. (1999). Use of test day yields for the genetic 

evaluation of production traits in Holstein-Friesian cattle. Livest. Prod. Sci., 57: 

203-217.  

Roman R.M., Wilcow C.J. and Littell R.C. (1999). Genetic trend for milk yield of Jerseys 

and correlated changes in productive and reproductive and reproductive 

performance. J. Dairy Sci., 82: 196-204. 

Roshanfekr H., Mamouei M., Mohammadi K. and Yarinejad F. (2010). Phenotypic trend 

of lactation milk of Iranian Holsteins in Yasuj. J. Anim. Vet. Adv., 9: 561-565. 

Santellano-Estrada E., Becerril-Pérez C.M., de Alba J., Chang Y.M., Gianola D., Torres-

Hernandez G., and Ramirez-Valverde R. (2008). Inferring genetic parameters of 

lactation in tropical milking Criollo cattle with random regression test-day models. 

J. Dairy. Sci, 91: 4393-4400.  

Santos D.J.A., Peixoto M.G., Borquis R.R., Verneque R.S., Panetto J.C. and Tonhati H. 

(2013). Comparison of random regression models to estimate genetic parameters for 

milk production in Guzerat (Bos indicus) cows. Genet. Mol. Biol., 12: 143-153. 

Sargent F.D, Lytton V.H. and Wall O.G.(1968). Test interval method of calculating dairy 

herd improvement association records. J. Dairy Sci., 51: 170-179.  

SAS (2008).SAS/STAT®9.2. User’s Guide. SAS Institute Inc., Cary, NC, USA. 

Schaeffer L.R. and Dekkers J.C.M. (1994). Random regressions in animal Models for 

test-day productions in dairy cattle. 5
th

 World Congress on Genetics Applied to 

Livestock Production (WCGALP), Guelph, Canada.  

Schaeffer L.R., Jamrozik J., Kistemaker G.J. and Van Doormaal B.J. (2000). Experience 

with a test-day model. J. Dairy Sci., 83: 1135-1144. 

Schaeffer L.R. (2004). Applications of Random Regression models in animal breeding. 

Livest. Prod. Sci., 86: 35-45. 

Schaeffer L.R. and Jamrozik J. (2008). Random regression models: a longitudinal 

perspective. J. Anim. Breed. Genet., 125: 145–146.  

Schwarz G. (1978). Estimating the dimension of a model. Ann. Stat., 6: 461-464.  

Shadparvar A.A. and Yazdanshenas M.S. (2005). Genetic parameters of milk yield and 

milk fat percentage test day records of Iranian Holstein cows. Asian-Aust. J. Anim. 

Sci., 18: 1231-1236. 



108 

 

SNV (2008). Dairy investment opportunities in Ethiopia. A case study report. Addis 

Ababa, Ethiopia: SNV-Netherlands Development Organization 

Staal S.J. (1996). Peri-urban dairying and public policy in Ethiopia and Kenya: A 

comparative economic and institutional analysis. PhD dissertation, University of 

Florida. 

Staal S., Delgado C.L. and Nicholson C.F. (1996). Smallholder dairying under transaction 

costs in East Africa. International Food Policy Research Institute-Market and 

Structural Studies Division, Washington D.C., USA. 

Stanton T.L., Blake R.W., Quaas R.L., Van Vleck L.D. and Carabaño M.J. (1991). 

Genotype by environment interaction for Holstein milk yield in Colombia, Mexico 

and Puerto Rico. J. Dairy Sci., 74: 1700-1714.  

Strabel T. and Szwczkowski T. (1997). Additive genetic and permanent environmental 

variance components for test day milk traits in Black-White cattle. Livest. Prod. 

Sci., 48: 91-98.  

Strabel T. and Misztal I. (1999). Genetic parameters for first and second lactation milk 

yields of Polish black and white cattle with random regression test-day models. J. 

Dairy Sci., 82: 2805-2810. 

Strabel T., Szyda J., Ptak E. and Jamrozik J. (2003). Comparison of random regression 

test-day models for production traits of dairy cattle in Poland. Rome, Italy, August 

28-30, 1999. Interbull Bull., 31: 197-201. 

Strabel T., Ptak E., Szyda J. and Jamrozik J. (2004). Multiple-lactation random regression 

test-day model for Polish Black and White cattle. Interbull Bull., 32: 133-136. 

Strabel T., Szyda J., Ptak E., and Jamrozik J. (2005). Comparison of random regression 

test-day models for Polish Black and White cattle. J. Dairy Sci.,  88: 3688-3699.  

Strabel T. and Jamrozik J. (2006). Genetic analysis of milk production traits of Polish 

Black and White cattle using large-scale random regression test-day models. J. 

Dairy Sci., 89: 3152-3163. 

Strandén I. and Lidauer M. (1999). Solving large mixed linear models using 

preconditioned conjugate gradient iteration. J. Dairy Sci., 82: 2779-2787. 

Swalve H.H. (1995). Test-day models in the analysis of dairy production data- a review. 

Arch. Tierzucht., 38: 591-612. 



109 

 

Swalve H.H. (2000). Theoretical basis and computational methods for different test-day 

genetic evaluation methods. J. Dairy Sci., 83: 1115-1124. 

Takma Ç. and Akbaş Y. (2007). Estimates of genetic parameters for test day milk yields 

of a Holstein Friesian herd in Turkey with random regression models. Arch. Tierz. 

Dummerstorf  50: 327-336.  

Tegegne A., Redda T., Gebrewold A. and Ketema H. (2000). Milk recording and herding 

registration in Ethiopia: an essential step towards genetic improvement for milk 

production. In proceedings of the 8th National Conference of the Ethiopian Society 

of Animal Production (ESAP). 24-26 August 2000. Addis Ababa, Ethiopia. pp 90-

104.  

Tegegne A., Gebremedhin B. and Hoekstra D. (2010). Livestock input supply and service 

provision in Ethiopia: Challenges and opportunities for market-oriented 

development. IPMS Working Paper 20. Nairobi (Kenya): ILRI (International 

Livestock Research Institute). 

Tegegne A. and Hoekstra D. (2011). Mass artificial insemination interventions to enhance 

dairy and beef production in Ethiopia.  Livestock Exchange Issue Brief 18. ILRI 

(International Livestock Research Institute).  

Tegegne A., Gebremedhin B., Hoekstra D., Belay B. and Mekasha Y. (2013). 

Smallholder dairy production and marketing systems in Ethiopia: IPMS experiences 

and opportunities for market-oriented development. IPMS (Improving Productivity 

and Market Success) of Ethiopian Farmers Project Working Paper 31. Nairobi: 

ILRI (International Livestock Research Institute). 

Tehani M.R., Setaee-Mokhtari M. and Ami-Azghadi M. (2008). Genetic evaluation of 

production traits in Holstein cows using univariate and multivariate animal models. 

Proc. 3th Nat. Con. Anim. Sci. Mashhad, Iran. 

Thompson R. and Mäntysaari E.A. (1999). Prospects for statistical methods in dairy cattle 

breeding. Interbull Bull., 20: 70-79. 

Thompson R., Brotherstone S. and White I.M.S. (2005). Estimation of quantitative 

genetic parameters. Philos. Trans. R. Soc. B., 360: 1469-1477. 

Tijani A., Rgayai B., Hammami H., Gillon A. and Gengler N. (2010). Estimation of 

genetic parameters for test-day milk yields of Moroccan Holstein cows using a 



110 

 

random regression test-day model. Proceedings of the 9
th

 World Congress on 

Genetics Applied to Livestock Production. German Society for Animal Science. 

August 1-6, 2010, Leipzig, Germany.  

Toghiani S. (2012). Quantitative genetic application in the selection process for livestock 

production: Livestock production. InTech.  

Tong A.K.W., Kennedy B.W. and Moxley J.E. (1979). Heritabilities and genetic 

correlation for first three-lactations from record subject to culling, J. Dairy Sci., 62: 

1784-1790. 

Tonhati H. and Lobo R.B. (1997). Genetic trends for milk and fat yield in Holstein-

Friesian cattle. J. Brazil Soc. Anim. Sci., 26: 714-718.  

Torshizi M.E., Aslamenejad A.A., Nassiri M.R., Farhangfar H., Solkner J., Kovac M., 

Meszaros G. and Malovrh S. (2013). Analysis of test day milk yield by random 

regression models and evaluation of persistency in Iranian dairy cows. Iranian J. 

Appl. Anim. Sci., 3: 67-76.             

Trus D. and Buttazzoni L.G. (1990). A multiple trait approach to modeling the lactation 

curve. Proc. 4th World Congr. Genet. Appl. Livest. Prod., Edinburgh, UK. 

XIII:492-495.  

Tsvetanova Y. (2004). Linear models for breeding value estimation of dairy cattle based 

on test-day records. Trakia J. Sci., 2: 65-69. 

Ugarte E., Alenda R. and Carabano M.J. (1992). Fixed or random contemporary groups in 

genetic evaluations. J. Dairy Sci., 75: 269-278. 

Van der Werf J.H.J., Goddard M.E. and Meyer K. (1998). The use of covariance 

functions and random regressions for genetic evaluation of milk production based 

on test day records. J. Dairy Sci., 81: 3300-3308. 

Van Doormaal B.J and Kistemaker G.J. (1999). Application of the Canadian test day 

model. Proceedings of the Interbull meeting. Aug 26-27, 1999. Zurich, Switzerland. 

Van Doormaal B. (2007).  Genetic evaluation of dairy cattle in Canada. Canadian Dairy 

Network. 

Vargas B., Perez E. and Van Arendonk J.A.M. (1998). Analysis of test-day yield data of 

Costa Rican dairy cattle. J. Dairy Sci., 81: 255-263. 



111 

 

Visscher P.M. and Goddard M.E. (1993). Fixed and random contemporary groups. J. 

Dairy Sci., 76: 1444-1454. 

Wall E, Simm G. and Moran D. (2010). Developing breeding schemes to assist mitigation 

of greenhouse gas emissions. Animal 4: 366-376. 

Wang C.S., Rutledge J.J. and Gianola D. (1994). Bayesian analysis of mixed linear 

models via Gibbs sampling with an application to litter size in Iberian pigs. Genet 

Sel. Evol., 26: 91-115. 

Weller J.L. and Ezra E. (2004). Genetic analysis of the Israel Holstein dairy cattle 

population for production traits with a multi trait animal model. J. Dairy Sci, 87: 

1519-1527. 

Werner D. and Zamsky J. (2007). USAID - MASHAV- MOARD Joint Technical 

Cooperation Program In Ethiopia Technical Mission Report Livestock, Ethiopia. 

Wiggans G.R. and Dickinson F.N. (1985). Standardization of NCDHIP dairy cattle 

lactation records. National Cooperative Dairy Herd Improvement Program, Fact 

sheet G-2. 

Wiggans G.R. and Goddard M.E. (1996). A computationally feasible test-day model with 

separate first and later lactation genetic effects. Proc. 56th New Zealand Soc. Anim. 

Prod. Annu. Mtg., Hamilton, New Zealand, pp: 19-21. 

Wiggans G.R. and Goddard M.E. (1997). A computationally feasible test day model for 

genetic evaluation of yields traits in the United States. J. Dairy Sci., 80: 1785-1800. 

Wilmink J.B.M. (1987). Adjustment of test-day milk, fat, and protein yields for age, 

season, and stage of lactation. Livest. Prod. Sci., 16: 335-348. 

Yilma Z., Emannuelle G.B. and Ameha S. (2011). A Review of the Ethiopian Dairy 

Sector. Ed. Rudolf Fombad, Food and Agriculture Organization of the United 

Nations, Sub Regional Office for Eastern Africa (FAO/SFE), Addis Ababa, 

Ethiopia, pp 81. 

Yousefi-Golverdi A., Hafezian H., Chashnidel Y. and Farhadi A. (2012). Genetic 

parameters and trends of production traits in Iranian Holstein population. Afr. J. 

Biotechnol., 11: 2429-2435.  



112 

 

Zavadilová L., Jamrozik J. and Schaeffer L.R. (2005). Genetic parameters for test-day 

model with random regressions for production traits of Czech Holstein cattle. Czech 

J. Anim. Sci., 50: 142-154. 

Zewdie E., Mussa A., Melese G.M., HaileMariam D. and Perera B.M.A.O. (2006). 

Improving artificial insemination services for dairy cattle in Ethiopia. In: Improving 

the reproductive management of smallholder dairy cattle and the effectiveness of 

artificial insemination services in Africa using an integrated approach. International 

Atomic Energy Agency (IAEA). Pp. 17-19.  

Zumbach B., Tsuruta S., Misztal I. and Peters K.J. (2008). Use of a test day model for 

dairy goat milk yield across lactations in Germany. J. Anim. Breed. Genet., 125: 

160-167.   

 

 

 

 

 

  



113 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8. APPENDICES  

  



114 

 

Appendix I. Tables 

 

Appendix Table 1. Estimates of heritability for milk yield at selected days in milk from 

REP, RRM1, RRM2 and RRM3 models in first lactation Holstein Friesian cows in 

Ethiopia 

 

DIM REP RRM1 RRM2 RRM3 

5 0.26 0.16 0.17 0.23 

15 0.26 0.16 0.17 0.21 

25 0.26 0.17 0.17 0.20 

35 0.26 0.17 0.17 0.19 

45 0.26 0.17 0.18 0.18 

55 0.26 0.17 0.18 0.18 

65 0.26 0.18 0.19 0.19 

75 0.26 0.18 0.19 0.20 

85 0.26 0.19 0.20 0.21 

95 0.26 0.19 0.21 0.22 

105 0.26 0.20 0.21 0.23 

115 0.26 0.20 0.22 0.24 

125 0.26 0.21 0.23 0.25 

135 0.26 0.21 0.23 0.26 

145 0.26 0.22 0.24 0.26 

155 0.26 0.22 0.25 0.26 

165 0.26 0.23 0.26 0.26 

175 0.26 0.24 0.26 0.26 

185 0.26 0.24 0.27 0.26 

195 0.26 0.25 0.28 0.25 

205 0.26 0.25 0.28 0.25 

215 0.26 0.26 0.29 0.25 

225 0.26 0.26 0.29 0.25 

235 0.26 0.27 0.29 0.25 

245 0.26 0.27 0.29 0.25 

255 0.26 0.28 0.28 0.26 

265 0.26 0.28 0.27 0.27 

275 0.26 0.29 0.26 0.28 

285 0.26 0.29 0.24 0.29 

295 0.26 0.29 0.22 0.29 

305 0.26 0.30 0.20 0.27 

 



115 

 

Appendix Table 2. Estimates of genetic (below diagonal) and phenotypic (above 

diagonal) covariance for milk yield between selected days in milk from RRM1, RRM2 

and RRM3 models in first lactation Holstein Friesian cows in Ethiopia  

 

RRM1 

           

 

5 35 65 95 125 155 185 215 245 275 305 

5 

 

6.39 5.92 5.44 4.97 4.49 4.01 3.54 3.06 2.59 2.11 

35 1.29 

 

5.62 5.23 4.85 4.46 4.08 3.69 3.3 2.92 2.53 

65 1.24 1.22 

 

5.03 4.73 4.43 4.14 3.84 3.54 3.25 2.95 

95 1.18 1.18 1.19 

 

4.61 4.41 4.20 3.99 3.78 3.58 3.37 

125 1.12 1.14 1.17 1.20 

 

4.38 4.26 4.14 4.02 3.91 3.79 

155 1.06 1.11 1.15 1.20 1.25 

 

4.32 4.29 4.26 4.24 4.21 

185 1.00 1.07 1.14 1.21 1.27 1.34 

 

4.44 4.50 4.57 4.63 

215 0.94 1.03 1.12 1.21 1.30 1.39 1.48 

 

4.74 4.90 5.05 

245 0.89 1.00 1.11 1.22 1.33 1.44 1.55 1.66 

 

5.22 5.46 

275 0.83 0.96 1.09 1.22 1.35 1.48 1.61 1.74 1.88 

 

5.88 

305 0.77 0.92 1.07 1.23 1.38 1.53 1.68 1.83 1.98 2.14 

 RRM2 

           5 

 

6.86 5.70 4.73 3.93 3.32 2.89 2.64 2.57 2.68 2.97 

35 1.37 

 

5.54 4.97 4.47 4.03 3.66 3.35 3.10 2.92 2.80 

65 1.17 1.19 

 

5.12 4.86 4.58 4.27 3.93 3.56 3.16 2.73 

95 0.99 1.12 1.22 

 

5.12 4.97 4.72 4.38 3.94 3.4 2.77 

125 0.85 1.06 1.23 1.36 

 

5.19 5.02 4.71 4.25 3.65 2.91 

155 0.74 1.00 1.22 1.39 1.52 

 

5.16 4.90 4.48 3.89 3.15 

185 0.67 0.96 1.20 1.40 1.55 1.66 

 

4.97 4.63 4.14 3.49 

215 0.62 0.92 1.18 1.39 1.55 1.66 1.72 

 

4.71 4.39 3.94 

245 0.60 0.90 1.15 1.35 1.51 1.62 1.69 1.71 

 

4.64 4.49 

275 0.62 0.88 1.11 1.29 1.43 1.54 1.60 1.63 1.62 

 

5.15 

305 0.67 0.88 1.06 1.21 1.33 1.42 1.47 1.50 1.50 1.47 

 RRM3 

           5 

 

1.62 1.01 0.67 0.52 0.51 0.56 0.59 0.55 0.35 -0.07 

35 7.15 

 

1.14 1.04 0.99 0.99 0.99 0.99 0.95 0.86 0.68 

65 5.05 5.47 

 

1.28 1.31 1.31 1.29 1.26 1.23 1.2 1.18 

95 3.85 4.86 5.38 

 

1.49 1.5 1.47 1.44 1.41 1.42 1.49 

125 3.32 4.38 5.02 5.33 

 

1.59 1.57 1.53 1.52 1.54 1.65 

155 3.25 3.99 4.55 4.94 5.17 

 

1.6 1.57 1.56 1.59 1.7 

185 3.42 3.68 4.05 4.45 4.84 5.14 

 

1.58 1.57 1.6 1.69 

215 3.59 3.43 3.58 3.95 4.42 4.90 5.26 

 

1.57 1.59 1.67 

245 3.56 3.21 3.24 3.54 4.00 4.50 4.96 5.24 

 

1.6 1.68 

275 3.11 3.01 3.09 3.31 3.62 3.97 4.33 4.64 4.87 

 

1.77 

305 2.00 2.80 3.22 3.36 3.36 3.30 3.32 3.51 4.00 4.89 

  

 



116 

 

Appendix Table 3. Estimates of repeatability for milk yield at different stages of lactation 

from the first three lactations Holstein Friesian cows in Ethiopia  

 

 Lactation number  

DIM First Second Third 

5 0.75 0.80 0.81 

35 0.68 0.74 0.75 

65 0.64 0.71 0.71 

95 0.63 0.70 0.70 

125 0.64 0.70 0.70 

155 0.64 0.69 0.71 

185 0.63 0.68 0.71 

215 0.62 0.67 0.70 

245 0.60 0.66 0.69 

275 0.62 0.69 0.71 

305 0.67 0.75 0.75 
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Appendix Table 4. Estimates of genetic and phenotypic covariance between first and 

second (I-II), first and third (I-III) and second and third (II-III) lactations from the multi-

lactation random regression test-day model for test-day milk yield in Holstein Friesian 

cows in Ethiopia  

 

DIM I-II I-III II-III 

 

Phenotypic covariance 

 

5 3.83 2.39 6.06 

35 3.84 3.00 5.63 

65 3.98 3.51 5.50 

95 4.17 3.87 5.54 

125 4.35 4.08 5.64 

155 4.46 4.17 5.71 

185 4.50 4.18 5.71 

215 4.46 4.16 5.62 

245 4.39 4.22 5.46 

275 4.33 4.45 5.26 

305 4.36 5.01 5.11 

  

Genetic covariance 

 

5 0.96 0.92 1.40 

35 0.86 0.77 1.34 

65 0.94 0.75 1.36 

95 1.11 0.82 1.41 

125 1.30 0.94 1.47 

155 1.46 1.08 1.53 

185 1.58 1.23 1.60 

215 1.64 1.36 1.69 

245 1.63 1.47 1.81 

275 1.60 1.55 2.02 

305 1.56 1.62 2.34 
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Appendix Table 5 . Analysis of variance of 305-d milk yield in first lactation Holstein 

Friesian cattle in Ethiopia  

 

Source DF Sum of square  Mean square F Value     Pr > F 

Herd 1 152277032      152277032 268 <.0001 

Calving year 16 115091665 7193229 13 <.0001 

Calving season 2 5375867 2687933 5 0.0090 

Age class 4 

776 

405619 101404 0.18 0.9493 

Error 439679578 566597   

 

Appendix Table 6. Analysis of variance of test-day milk yield in first, second and third 

lactation of Holstein Friesian cattle in Ethiopia  

 

Source  DF SS MS F Value     

 

Pr > F 

First lactation 

Herd 1 13374 13374 1399 <.0001 

Calving year 16 10289 643 67 <.0001 

Calving season 2 328 164 17 <.0001 

Age class 4 7918 1979 207 <.0001 

DIM class 9 8997 999 104 <.0001 

Error 6817 65134 9   

Second lactation 

Herd 1 15641 15641 1225 <.0001 

Calving year 15 11456 763 59 <.0001 

Calving season 2 311 155 12 <.0001 

Age class 4 4710 1177 92 <.0001 

DIM class 9 12657 1406 110 <.0001 

Error 3964 50585 12   

Third lactation 

Herd 1 10197 10197 697 <.0001 

Calving year 14 5921 422 28 <.0001 

Calving season 2 570 285 19 <.0001 

Age class 4 2097 524 35 <.0001 

DIM class 9 11595 1288 88 <.0001 

Error 2544 37200 14   

 



119 

 

Appendix II. Figures 

 

Appendix Figure 1. Estimates of genetic correlations between days in milk 5 and all other 

days from RRPE0, RRPE1, RRPE2 and RRPE3 models in the first lactation Holstein 

Friesian cows in Ethiopia  

 

Appendix Figure 2. Estimates of phenotypic correlations between days in milk 5 and all 

other days from RRPE0, RRPE1, RRPE2 and RRPE3 models in the first lactation Holstein 

Friesian cows in Ethiopia  
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Postal Address:  
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Educational Back Ground:  

 

o BSc in Animal Production and Rangeland management from Debub University, 

Awassa College of Agriculture in July, 2004 
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July, 2008  
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