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ABSTRACT 

Milking temperament (MT) is an important functional trait in dairy cattle, as it influences 

herd profitability, human and animal welfare. There is, however, limited knowledge 

such as genetic parameter estimates on MT in South African Holstein cattle, which 

makes it difficult to improve the trait genetically. The aim of this study was to estimate 

genetic parameters for MT and its relationships with milk production traits (milk yield, 

fat and protein) in South African Holstein cattle. Data consisted of MT scores on 2 844 

cows from 16 herds participating in the National Milk Recording and Improvement 

Scheme, recorded from September 2020 to November 2021. Corresponding test-day 

records of milk yield and composition, and pedigree information, were obtained from 

the Integrated Registration and Genetic Information System of South Africa. Analysis 

of variance was performed using the General Linear Models procedure of the SAS 

software, to determine non-genetic factors affecting MT and milk production traits. 

Repeatability of MT scores was estimated using the variance components procedure 

of the SAS software. Genetic parameter estimates were obtained by linear animal 

models, using the ASReml software. Herd test-day, age of cow at calving (P <0.0001) 

and lactation stage (P <0.05) had significant effects on MT. The repeatability estimate 

for MT scores was moderate (0.47), while the estimate of heritability was low 

(0.05±0.04). Heritability estimates for milk production traits were low to moderate, 

ranging from 0.11±0.05 for milk yield to 0.24±0.06 for protein %. Milking temperament 

had a moderate and favourable genetic correlation (0.60±0.35) with milk yield. In 

contrast, low and unfavourable correlations were observed for MT with fat % (-

0.12±0.24) and protein % (-0.30±0.32). Phenotypic correlations were also positive for 

MT with milk yield (0.25±0.02) and negative with fat (-0.06±0.03) and protein % (-

0.04±0.02). There was no discernible genetic trend for MT, for animals born from 2009 
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to 2019, and a marginal overall decline was observed over the period. These results 

indicate reasonable consistence in the assessment of MT in the current study, and 

suggest that there is scope to improve MT through selection, using multi-trait models 

including milk yield. 

Key Words: dairy cows, milking behaviour, genetic improvement, milk composition, 

welfare  
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CHAPTER 1: GENERAL INTRODUCTION 

1.1 Background 

Milking temperament is a measure of the response or reactiveness of a cow to the 

milking process. It expresses the level of comfort or stress experienced by the cow, as 

indicated by its behavioural reaction or level of nervousness and, therefore, is related 

to animal welfare (Wenzel et al., 2003; Szentleleki et al., 2015). Extreme reactiveness 

(i.e. poor temperament) can threaten the safety of other animals and that of the animal 

handlers; hence, temperament influences both animal and human welfare (Costantini 

et al., 2008; Mincu et al., 2021). Besides its importance as a welfare-related trait, 

milking temperament has large implications on herd profitability as it has been found 

to be associated with cow performance indicators such as milk yield and compositional 

quality (Cziszter et al., 2016), performance in automated milking systems (Wethal and 

Heringstad, 2019), milking speed (Jacobsen et al., 2009; Kramer et al., 2013; Agravat 

et al., 2023), reproduction (Sewalem et al., 2011; Cziszter et al., 2016), udder health 

(Santos et al., 2018) and survivability (Chang et al., 2019).  

Although there is generally no consensus among researchers on the relationship 

between milking temperament and milk production (Marcal-Pedroza et al., 2023), most 

studies have found that highly reactive or nervous animals tend to produce less milk 

(Sziszter, 2003; Muller and Von Keyserlingk, 2006; Quist et al., 2008; Abdel-Hamid et 

al., 2017; Santos et al., 2018; Priyam et al., 2023). The negative effects of high 

reactiveness on milk yield may be attributable to the fact that stress causes elevated 

levels of cortisol and endogenous opioids in plasma, coupled with lower 

concentrations of oxytocin (Chang et al., 2020). Stress due to fearfulness during 

milking has also been reported to influence milk composition by reducing the solid 
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constituents (Muller and Von Keyserlingk, 2006; Priyam et al., 2023). This could be 

due to the metabolic disorders caused by the stress experienced by the cow, which 

compromises milk quality (Cooke et al., 2017). Prolonged milking of cows with poor 

temperament also has negative effects on herd profitability, due to increased costs of 

labour and electricity (Berry et al., 2005; Sewalem et al., 2010; Abdel-Hamid et al., 

2017). In automated milking systems, poor temperament has been documented to 

negatively affect the milking process through increased numbers of rejected or 

incomplete milkings, kickoffs of clusters and unallocated teats (Wethal and Heringstad, 

2019).  

Stress due to poor cow temperament has also been reported to be detrimental to 

health and reproductive performance (Santos et al., 2015; Brown and Vosloo, 2017; 

Brandao and Cooke, 2021; Mincu et al., 2021). Increased levels of neutrophils, cortisol 

and glucose have been observed in reactive than calm animals, as an indicator of 

elevated stress (Hulbert et al., 2011). For example, Mincu et al. (2021) noted that 

calmer animals may be less susceptible to metabolic diseases than their nervous 

counterparts. Furthermore, Antanaitis et al. (2021) found higher pregnant rates in 

European Holstein cows with favourable temperament than those with poor 

temperament. Higher pregnancy rates were also reported for calmer animals 

(Kasimanickam et al., 2014). This may be attributed to high stress levels inhibiting the 

animal’s response to the administration of Gonadotropin-releasing hormone (GnRH), 

which interferes with the Luteinizing hormone (LH) peak and ovulation (Cooke et al., 

2009; Fernandez-Novo et al., 2020). Moreover, agitated cows have been found to be 

more associated with reproductive disorders such as retained placenta and metritis 

(Chebel et al., 2016). 
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Milking temperament has an impact on herd replacement costs and lifetime 

production, as animals with poor temperament are at a higher risk of being culled early 

(Kenttamies et al., 2006; Sewalem et al., 2010; Kalinska and Slosaraz, 2016).  For 

example, Sewalem et al. (2010) noted that 26% of involuntary culling in Canadian 

Holstein herds was due to poor milking temperament.  

Dairy breeding objectives worldwide are increasingly being broadened to incorporate 

functional and welfare-related traits that received little attention in the past (Miglior et 

al., 2017). In addition to traits such as those related to reproduction and health, there 

is a growing interest in management or workability traits such as milking temperament, 

due to their economic importance and association with welfare and ease of 

management (Szymik et al., 2015; Costilla et al., 2020).  

Holstein is the major dairy cattle breed in South Africa, and comprises about 46% of 

the milk recorded population (DARD, 2019/20; NMRIS, 2022). Extensive research has 

been conducted and routine genetic evaluation is conducted for traits related to 

production, conformation, udder health (somatic cell score) and reproduction in South 

African Holstein cattle (Makgahlela et al., 2007; Dube et al., 2009; Banga et al., 2014; 

Tshilate et al., 2021; INTERBULL, 2022; Kgari et al., 2022). Considerable genetic 

improvement has been attained in this population for production traits (Ramatsoma et 

al., 2014). There has, however, been limited attention on workability or functional traits 

such as milking temperament. Few studies have been conducted on these traits in 

South African dairy cattle (Dodzi and Muchenje, 2011; Tshilate et al., 2021; Mpisana 

et al., 2021). It is important to study the genetic attributes of functional traits, in order 

to facilitate their inclusion in the genetic evaluation programme and breeding objective 

and, therefore, keep pace with global developments and remain competitive.  
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1.2. Problem Statement 

Aggressiveness, or excessive fear during milking, is an undesirable temperament 

characteristic in dairy cattle. It has been found to be detrimental to cow performance 

and herd profitability and has negative implications on animal and human welfare.  

Therefore, milking temperament is an important trait, and should be included in dairy 

cattle selection objectives. There is growing interest in genetic selection to improve 

milking temperament in dairy cattle breeding programs worldwide (INTERBULL, 

2022). Although South Africa has a sound genetic evaluation program, milking 

temperament and other functional traits are not included in the selection programme, 

and there has been limited attention to these traits. It is therefore important to 

incorporate these traits in the genetic evaluation program, in order to keep pace with 

global developments and ensure a sustainable dairy industry. However, estimates of 

genetic parameters, which are essential for genetic evaluation, are not available for 

milking temperament in South African dairy cattle. 

 

1.3. Justification 

Milking temperament is an important trait in dairy cattle, due to its effects on herd 

profitability, human and animal welfare. Accordingly, it is receiving growing attention 

and is increasingly being included in dairy breeding objectives worldwide. Currently, 

milking temperament is not included in the national genetic evaluation programme for 

South African dairy cattle. Genetic correlations between milking temperament and milk 

production traits in the South African Holstein cattle population can be used to improve 

accuracy of genetic evaluation for milking temperament through multi-trait analysis. 

Results of the current study provide the means for achieving accurate selection for 
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milking temperament in the South African Holstein cattle population. This will 

contribute towards improved human and animal welfare and profitability in South 

African dairy herds. 

 

1.4. Aim and Objectives 

The aim of the study was to evaluate non-genetic and genetic influences on milking 

temperament, and estimate its relationships with production traits (milk yield, fat and 

protein percentage) in South African Holstein cattle.  

The specific objectives were to: 

i. Estimate the repeatability of milking temperament scores. 

ii. Identify non-genetic (environmental) factors influencing milking temperament in 

South African Holstein cattle. 

iii. Estimate heritabilities and genetic and phenotypic correlations between milking 

temperament and daily milk yield, fat and protein percent in South African 

Holstein cattle. 

 

1.5. Hypotheses 

The null hypotheses tested in South African Holstein cattle were:  

i.  Milking temperament scores are not repeatable. 

ii. There are no non-genetic factors influencing milking temperament. 

iv. There is no genetic (co)variation among milking temperament and daily milk 

yield, fat and protein percent in South African Holstein cattle. 
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1.6. Research outputs and conference contribution 

 

SIWELE, T.T., DUBE, B., MTILENI, B.J., NEPHAWE, K.A., MADILINDI, M.A. & 

BANGA, C.B. 2021. Non-genetic influences on milking temperament in South 

African Holstein cattle. 52nd Annual SASAS Congress (Online) Poster. 

 

SIWELE, T.T., DUBE, B., MTILENI, B.J., NEPHAWE, K.A., MADILINDI, M.A. & 

BANGA, C.B. 2023. Genetic analysis of milking temperament and its 

association with daily milk yield and composition in South African Holstein 

cattle. 39th International Society for Animal Genetics (ISAG) Poster. 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Introduction 

An overview of the South African dairy industry is presented in this chapter, together 

with background information on the Holstein cattle breed of South Africa, and a 

discussion of the importance of milking temperament. Additionally, literature on non-

genetic (environmental) and genetic influences on milking temperament, and genetic 

and phenotypic correlations between milking temperament and milk production traits 

are reviewed.   

 

2.2 The South African dairy industry 

Dairy farming supports the livelihoods more than a billion people worldwide, and milk 

provides a source of many vital nutrients that are essential to sustain the growing world 

human population (Nguyen et al., 2023). Increased global milk production is, therefore, 

key to ensuring socio-economic and food security worldwide. In order to meet the 

growing demand for milk as well as remain a sustainable agricultural sector, the dairy 

industry worldwide needs to improve efficiency while conserving the environment and 

ensuring good animal welfare (Tucker, 2015; Nguyen et al., 2023).  

In South Africa, the dairy industry is the fourth largest agricultural sector, and currently 

it accounts for approximately R4 584 billion gross domestic product (GDP) of the South 

African agricultural sector (Milk SA, 2023). The industry contributes significantly to the 

South African economy by providing employment, food security and export revenues 

(Milk SA, 2023). In the year 2019/2020, there were around 1200 farms in South Africa, 

which generated approximately 60,000 jobs (SA Yearbook, 2019/20). Additionally, 

unlike most other agricultural activities, dairy production provides year-round 
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employment opportunities for many individuals (DAFF, 2012). In 2022 alone, the South 

African dairy industry exported 52 000 tons of dairy products, thus bringing in much-

needed foreign currency to the country (Milk SA, 2023).  

Recent trends show consistently increasing national milk production in South Africa, 

despite a concurrent decline in the number of large-scale commercial dairy farmers. A 

9.5% decrease in commercial dairy herds (from 984 to 891) was recorded between 

2022 and 2023, while national milk production increased by 2.9 % to 334,900 tons 

from 2017 to 2022 (Milk SA, 2023), it can be attributed to the dairy genetic breeding 

improvement programme which focus on production traits, mainly increased milk yield 

as the primary aim for genetic progress (Hansen, 2000; Brotherstone and Goddard, 

2005; Erasmus and Van Marle-Koster, 2021). Furthermore, it has been reported that 

average milk yield per animal has increased significantly over the years (Mekonnen et 

al., 2019), resulting to fewer cows required per unit of milk produced (Balmfort et al., 

2018). 

Although milk is produced throughout South Africa, most of the production is 

concentrated in the coastal areas (Eastern Cape, Western Cape and KwaZulu-Natal), 

because of the warm temperatures and abundant rainfall, which promote good pasture 

growth (SAWS, 2021; Milk SA, 2023). Approximately 85.8% of the milk is produced in 

the coastal areas, with the Western Cape being the highest producing province 

(29.3%), followed by the Eastern Cape (28.5%), and KwaZulu-Natal (28.0%) (MPO, 

2022; Milk SA, 2023). 

The South African dairy industry consists of several organizations that fulfill various 

roles, and these include Milk South Africa (Milk SA), Milk producers’ Organization 

(MPO), South African Milk Processors’ Organisation (SAMPRO) and Agricultural 
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Research Council (ARC) (SA Yearbook, 2019/20). Milk SA is the governing body of 

the primary and secondary dairy sectors in South Africa, managing the dairy industry 

in the country, while the MPO represents the interests of unprocessed milk producers 

and SAMPRO is a representative organization of the milk processors and dairy 

products manufactures in South Africa (Milk SA, 2022). The ARC manages the 

National Milk Recording and Improvement Scheme (NMRIS), which aims to improve 

production and economic efficiency of dairy herds (Van Den Bergh, 2010). It also 

offers technical support to dairy farmers to help them in making sound management 

decisions (SA Yearbook, 2019/20). The data collected from the farms through the 

NMRIS is stored in the national database known as the integrated registration and 

genetic information system (INTERGIS) of South Africa (Intergis, 2000; SA Yearbook, 

2019/20). The number of commercial farmers participating in the NMRIS has been 

decreasing because more farmers are moving towards automatic milking systems and 

recording (van Marle-Koster and Visser, 2018). 

 

2.3 Dairy cattle genetic improvement in South Africa 

Routine genetic evaluation in South African dairy cattle is carried out for traits related 

to production (milk yield, fat and protein), reproduction (calving interval and age at first 

calving), udder health (somatic cell count) and conformation (Imbayarwo-Chikosi et 

al., 2017). Many years of genetic selection, using estimated breeding values, have led 

to significant changes in production and conformation traits (Ramatsoma et al., 2014). 

Functional traits were, however, largely ignored in the national selection programme 

in the past (Imbayarwo-Chikosi et al., 2017).  
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2.4 Holstein breed of South Africa 

 

There are four main dairy cattle breeds in South Africa, namely Holstein, Jersey, 

Guernsey and Ayrshire (SA Yearbook, 2019/20). Holstein is the primary dairy cattle 

breed in South Africa (Banga et al., 2014). The breed originated in the provinces of 

northern Holland and western Friesland in the Netherlands, and was introduced into 

South Africa in 1912 (Poena van Niekerk, 2019). Holstein cattle have desirable 

phenotypic characteristics, such as their distinctive large size, and sharply defined 

black and white spotted markings (red and white in some cattle) (Poena van Niekerk, 

2019). They have high milking ability (average milk yield of 28 litres per day and 8,550 

kg per lactation), and weigh around 550-750 kg (Poena van Niekerk, 2019). Although 

their milk is low in fat content (2.5 to 4.3%), the Holstein is the highest milk yielding 

dairy cattle breed (Yoo et al., 2019; (Poena van Niekerk, 2019). Holstein cows have a 

stress-resistant temperament; they are not solitary animals; they exhibit a herd 

mentality, and they adapt well to all management and utilization systems (Poena van 

Niekerk, 2019). 

 

2.5 Functional traits in dairy cattle 

Functional traits are those characteristics of an animal that influence its functionality, 

and are related to production costs (Boettcher, 2005). Examples of such traits include 

health, fertility, feed efficiency, milkability, and milking temperament. Previous 

research on dairy cattle in South Africa has mainly focused on traits related to milk 

production, udder health, conformation and reproduction (e.g., Dube et al., 2009; 

Banga and Maiwashe, 2014; Erasmus and van Marle-Koster, 2021; Kgari et al., 2022). 

Limited studies have been carried out on functional traits such as milkability and feed 
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efficiency (Tshilate et al., 2021; Madilindi et al., 2023). Globally, there has however 

been increased attention on functional traits such as those associated with carbon 

emission, feed efficiency, and animal health and welfare (Miglior et al., 2017; van 

Marle-Koster and Visser, 2018; Madilindi et al., 2022, 2023). There has also been 

growing interest on workability traits such as milking temperament, due to their effect 

on herd profitability and animal welfare (Egger-Danner et al., 2015; Chesnais et al., 

2016). 

2.5.1 Importance of milking temperament 

Milking temperament refers to the type and degree of reaction of the animal to the 

whole milking procedure. It reflects the level of comfort or stress experienced by the 

cow, as indicated by its behavioural reaction or level of nervousness and, therefore, is 

related to animal welfare (Wenzel et al., 2003; Szentleleki et al., 2015). Animals with 

favourable (calm) temperament are also easier to handle, feed, milk and transport 

(Santos et al., 2018; Costilla et al., 2020; Jaskowski et al., 2023). Extreme 

reactiveness (i.e. poor temperament) can threaten the safety of other animals and that 

of the animal handlers; hence, temperament influences both animal and human 

welfare (Mincu et al., 2021; Smolinger and Skorjanc, 2021). Besides its importance as 

a welfare-related trait, milking temperament has large implications on herd profitability 

as it has been found to be associated with cow performance indicators such as milk 

yield and compositional quality (Cziszter et al., 2016), udder health (Santos et al., 

2018),  survivability (Chang et al., 2019), reproduction (Sewalem et al., 2011; Cziszter 

et al., 2016), milking speed (Jacobsen et al., 2009; Kramer et al., 2013; Agravat et al., 

2023) and performance in automated milking systems (Wethal and Heringstad, 2019).  
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2.5.1.1 Effects of milking temperament on milk production traits 

 

Milking temperament has been widely documented to influence milk yield and 

compositional quality (Kasimanickam et al., 2018; Chang et al., 2020; Mincu et al., 

2021; Marcal-Pedroza et al., 2023). Several studies have found calm cows to produce 

significantly more milk than aggressive and nervous ones (Haskell et al., 2014; 

Sutherland and Dowling, 2014; Cziszter et al., 2016; Abdel-Hamid et al., 2017; Mincu 

et al., 2021; Morales-Pineyrua et al., 2022). For example, in a study on Egyptian 

Friesian cattle, calm cows produced about 11 kg of milk per day more than nervous 

cows, and about 19 kg of milk per day more than aggressive cows (Abdel-Hamid et 

al., 2017). Similarly, Neja et al. (2015) reported that calm cows yielded approximately 

329 kg more milk than aggressive cows per lactation in Polish Holstein-Friesian cattle. 

Another study on Ukrainian Holstein cattle also noted that calm cows produced about 

275 kg more milk per lactation than active ones (Polupan et al., 2021). Nervousness 

during milking induces stress which has been reported to affect milk composition by 

lowering solid components (Muller and Von Keyserlingk, 2006; Priyam et al., 2023). 

Studies on Bulgarian Holstein-Friesian cows have, however, reported higher milk 

yields for nervous cows compared to those with calm milking temperament 

(Gergovska et al., 2012; Gergovska et al., 2014).     

Calm temperament appears to also favour desirable compositional quality of milk. For 

example, Marcal-Pedroza et al. (2023) reported a significantly higher protein percent 

per day in calm than aggressive cows, in Brazilian Holstein-Gyr cattle. Similar results 

were obtained in Ukrainian Holstein cattle by Polupan et al. (2021), who recorded 9 

kg more protein yield per lactation in calm than active cows. Radu et al. (2023) also 

reported that calm cows produced more protein yield compared to nervous ones, in a 

study on Romanian Simmental dual-purpose cows. The increase in protein production 
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could partly be due to the lower stress levels in calm cows resulting in favourable 

metabolic processes for protein synthesis (Muller and Von Keyserlingk, 2006; Cooke 

et al., 2017; Priyam et al., 2023). Contrary to these findings, however, 

nervous/aggressive cows were found to produce higher fat and protein percent than 

calm cows in Romanian Simmental dual-purpose cattle (Cziszter et al., 2016). Lower 

milk yield in nervous cows may result in higher fat and protein content, given the 

established negative relationship between milk yield and composition (Cziszter, 2003; 

Quist et al., 2008; Santos et al., 2018).  

2.5.1.2 Effects of milking temperament on cow longevity 

 

Cows with poor milking temperament tend to be culled prematurely, resulting in 

reduced longevity and, consequently, lower herd profitability. For example, a culling 

rate of 26% was reportedly associated with nervousness and aggressiveness of cows 

in the Canadian Holstein cattle population (Sewalem et al., 2010). Similarly, Neja et al. 

(2015) noted that aggressive cows were culled at a rate of 27.41 % more than calm 

ones in Polish Holstein-Friesian cattle. Haile-Mariam et al. (2023) found a correlation 

of -0.19 between temperament and slaughter rate in Australian Holstein cattle, 

indicating an increase in risk of culling for cows with poor temperament. 

 

2.5.1.3 Effects of milking temperament on reproduction 

Results from many studies suggest that there may be an association between milking 

temperament and reproductive performance of cattle (Sewalem et al., 2011; Cooke et 

al., 2017; Sawa et al., 2017; Antanaitis et al., 2021; Mincu et al., 2021). For instance, 

Polish Holstein-Friesian cows with calm temperament were reported to have 

favourable fertility rate (Sawa et al., 2017). In Brazil, Cooke et al. (2017) reported that 
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excitable Bos indicus beef cows had reduced reproductive performance. These results 

were supported by more recent research which found higher pregnant rates in calmer 

temperament animals than those with poor (nervous) temperament (Kasimanickam et 

al., 2018; Antanaitis et al., 2021). Reproductive disorders, such as retained placenta 

and metritis, have also been linked to poor temperament in cows (Chebel et al., 2016). 

Contrary to all these findings, however, Cziszter et al. (2016) found no effect of 

temperament on reproductive performance in Romanian Simmental dual-purpose 

cattle. Detrimental effects of poor temperament on reproductive performance could be 

due to the high level of stress in nervous cows interfering with the peak release of 

Luteinizing hormone (LH) and ovulation (Fernandez-Novo et al., 2020; Brandao and 

Cooke, 2021).    

  

2.5.1.4 Effects of milking temperament on health and welfare 

Poor milking temperament has been generally  associated with impaired health and 

welfare (Costantini et al., 2008; Hulbert et al., 2011; Cooke et al., 2017; Santos et al., 

2018; Chang et al., 2020; Mincu et al., 2021). A nervous response to the milking 

process is indicative of elevated stress levels. For example, increased levels of cortisol 

and oxytocin concentration were found in Brazilian Holstein-Gyr cattle with poor 

temperament (Marcal-Pedroza et al., 2023). Stress indicators such as heart rate level 

and cortisol concentration were similarly reported to be significantly higher in nervous 

cows during milking than in calm animals (Gygax et al., 2006; Gygax et al., 2008). 

Cortisol hormone is mainly associated with physiological and neuroendocrine stress 

response (Cockrem, 2013; Cooke, 2014). Orban et al. (2011) reported that calmer 

cows had lower somatic cell count (SCC) of 176.07x103/cm3 compared to nervous 
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counterparts in Hungarian Holstein-Friesian cattle, which leads to reduced milk yield 

and compositional quality and increased udder inflammation.   

 

2.5.2 Measurement of milking temperament  

Large quantities of reliable data are required to achieve accurate selection for any trait 

in a population. However, recording of milking temperament is labour-intensive, and 

difficult to carry out in large herds. It may be done by screening for aggressiveness or 

excessive fear during milking or handling (Haskell et al., 2014). Temperament can also 

be measured during stressful situations by observing the behavioural response of the 

animal and giving it a score (Chang et al., 2020). Milking temperament scores are 

commonly recorded on scales of 1 to 3, 1 to 4, 1 to 5, 1 to 9, or 1 to 50  (Sewalem 

et al., 2010; Sutherland and Dowling, 2014; Stephansen et al., 2018). Table 2.1 

presents a description of the scores that are commonly used when assessing milking 

temperament through this approach (Gergovska et al., 2012). This method is easy to 

apply in small herds; however, it is difficult to use in large dairy cattle operations as it 

is labour-intensive (Chang et al., 2020). 
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Table 2.1: Description of scores for milking temperament (Gergovska et al., 2012) 

Class Definition                Description of the behavior 

1 Very nervous/ 
Aggressive 

Very restless during preparation and milking process, the animals 
showed signs of lifting their leg, kicking the milking machines and 
the farm workers, slashes the tail. 

2 Nervous Perceived restless during preparation and milking process, the 
animal startled when humans approach. 

3 Medium They were calm but they move a lot and lift legs during 
preparation and milking process. 

4 Calm Stand calm on the bedding the animal did not show any type of 
restlessness during preparation and milking process, slash the 
tail. 

5 Very calm Never showed restlessness, the animals were fully calm and 
obedient during preparation and milking processes. 

 

Novel and more efficient technologies such as video imaging, activity collars, 

pedometers, and metabolite profiling, which can standardize temperament evaluations 

across farms, have been developed (Chang et al., 2020). Investment in such 

technologies will make it possible to achieve more accurate genetic evaluation of 

milking temperament through large scale recording across herds. Activity monitors can 

be used to detect animal behavioural and physiological activities, while video imaging 

methods have made it possible to better assess the temperament of dairy cattle 

(Chang et al., 2020). Biomarkers such as heart rate and cortisol level, which can be 

linked to stress level, have been associated with temperament traits (Chang et al., 

2020; Smolinger and Skorjanc, 2021; Jaskowski et al., 2023). The advantage of these 

methods is that they do not interfere with herd routine procedures and they generate 

large quantities of repeated records which enable better estimation of breeding values 

and, consequently, more accurate selection (Chang et al., 2020). 
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2.7 Genetic improvement of milking temperament 

Milking temperament is now increasingly included in dairy breeding programmes 

worldwide (e.g., United Kingdom, Denmark, Sweden, France, Norway) (Byrne et al., 

2016; Chang et al., 2020; INTERBULL, 2022). In South Africa, there is, however, 

limited knowledge on milking temperament and no efforts have been made to include 

the trait in the national recording and genetic improvement programmes (INTERBULL, 

2022). Therefore, in order to develop models for genetic evaluation of milking 

temperament so as to include it in the selection objective, it is imperative to identify 

environmental factors that need to be fitted in such models as well as estimate genetic 

parameters for milking temperament in the South African Holstein population. 

 

2.5.3 Environmental influences on milking temperament 

Non-genetic or environmental factors are those effects that are not part of the genetic 

make-up of the animal and, therefore, are not passed down from one generation to 

the next (Nyamushamba et al., 2013). These factors may cause substantial variation 

in phenotypic expression; hence, it is important to account for them when evaluating 

the genetic merit of individual animals. Knowledge and understanding of these factors 

can also assist in making sound management decisions (Amimo et al., 2007). Milking 

temperament may be influenced by factors such as herd, parity, lactation stage, age 

of cow, test day, year, season (Rensing and Ruten, 2005; Neja et al., 2015; 

Stephansen et al., 2018; Chang et al., 2020; Antanaitis et al., 2021; Marcal-Pedroza 

et al., 2023). 

  



18 

 

2.6.1 Herd 

Herd is a primary source of variation in milking temperament (Jaskowski et al., 2023). 

Differences in milking temperament among herds are attributable to management 

factors such as animal handling, milking process and human approach, which may 

differ by herd (Uetake et al., 2004; Antanaitis et al., 2021). Milking personnel’s 

relationship with the animals can significantly influence the level of stress or comfort 

experienced by cows during milking and, therefore, their milking temperament. For 

example, Bertenshaw and Rowlinson (2009) showed that bad attitude of milkers 

towards cows negatively affected milking temperament in United Kingdom dairy herds. 

On the other hand, a good relationship between milking personnel and the animals 

has been documented to result in calmer animal behaviour during handling (Breuer et 

al., 2000; Hemsworth and Coleman, 2011; Jaskowski et al., 2023). Therefore, herd 

effects need to be accounted for in genetic analysis models for milking temperament. 

 

2.6.2 Parity 

Parity has widely been reported as a significant source of variation in milking 

temperament (Sutherland and Huddart, 2012; Szentleleki et al., 2015; Chang et al., 

2019; Morales-Pineyrua et al., 2022). First-parity cows have been found to be 

generally more nervous/aggressive during the milking process than their multiparous 

contemporaries. This may be attributed to the fact that primiparous cows tend to be 

more susceptible to stress caused by the noise of the milking machine that they are 

not used to, and they are also less accustomed to the general milking process and 

regrouping during early lactation (Sutherland and Huddart, 2012; Kovacs et al., 2013; 

Szentleleki et al., 2015; Chang et al., 2019; Mazer et al., 2020). Multiparous cows, on 
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the other hand, have been observed to be calmer during the milking process, most 

likely due to them being more accustomed to the milking process (Chang et al., 2019; 

Morales-Pineyrua et al., 2022). Parity is, thus, an important effect to consider in the 

genetic analysis of milking temperament. 

 

2.6.3 Lactation stage  

Milking temperament scores have been reported to vary significantly according to the 

stage of lactation, indicating the need to consider lactation stage in genetic analysis 

models (Gergovska et al., 2012; Neja et al., 2015; Antanaitis et al., 2021). Most studies 

have found low temperament scores (nervousness/aggressiveness) to be more 

prevalent in early lactation, and to increase with stage of lactation (Gergovska et al., 

2012; Sawa et al., 2017; Antanaitis et al., 2021). Neja et al. (2015), on the contrary, 

found early lactating Polish Holstein-Friesian cows to be calm in temperament, while 

those in late lactation were aggressive. This may be attributed to the drop in milk 

production in late lactation causing cows to be uncomfortable and stressed during 

milking (Chebel et al., 2016; Proudfoot et al., 2018).  

 

2.6.4 Age at calving 

In concurrence with the observed effects of parity, many studies have noted improved 

milking temperament with increase in age at calving (Neja et al., 2015; Caetano et al., 

2017; Cielava et al., 2017; Almasri et al., 2020). Younger cows are naturally more 

nervous and, therefore, are expected to exhibit poorer temperament than older cows. 

Surprisingly, however, studies on Polish Holstein cattle have reported more 

aggressiveness by older cows during milking, compared to younger cows (Kalinska 
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and Slosarz, 2016; Karamfilov, 2022). There is, therefore, some inconsistence on the 

effects on age at calving on milking temperament. 

 

2.6.5 Year of calving 

Yearly variation in herd management and other environmental conditions may have 

an effect on milking temperament, as observed in some studies (Herve et al., 2007; 

Stephansen et al., 2018; Wethal and Heringstad, 2019). The introduction of unfamiliar 

conditions such automatic milking systems, increased noise, change of management 

groups or isolation may cause stress on cows and, therefore, negatively impact on 

their temperament.  

 

2.6.6 Season of assessment 

Milking temperament scores have been reported to significantly differ depending on 

the season of testing (Antanaitis et al., 2021; Kumar and Mandal, 2023).  Antanaitis et 

al. (2021) observed that, in Lithuanian Holstein cattle, more cows with calm 

temperament were recorded during the warm season (May to October), while more 

nervous cows were recorded in the cold season (November to April). On the other 

hand, Kumar and Mandal (2023) reported calmer milking temperament during the 

winter season compared to the rainy summer season in Indian Jersey crossbred cows. 

However, season/month of testing did not have significant effects on milking 

temperament of Brazilian Holstein-Gyr cattle (Marcal-Pedroza et al., 2023). It, 

therefore, appears that the effects of season of calving on milking temperament may 

depend on the region and/or breed.  
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2.6.7 Herd-test-day 

Several studies on large data sets, using test-day models, have reported herd-test-

day to be a significant source of variation in milking temperament (Rensing and Ruten, 

2005; Szentleleki et al., 2008; Sewalwem et al., 2011; Haskell et al., 2014; Wethal and 

Heringstad, 2019; Antanaitis et al., 2021). This may be attributable to variations in daily 

herd management practices within herds influencing milking temperament. Thus, 

herd-test-day is normally included as a contemporary group when milking 

temperament is analysed by test-day models. 

 

2.8 Genetic parameters for milking temperament  

Estimates of genetic parameters such as heritability, repeatability and genetic 

correlations are essential for carrying out genetic evaluation of a trait in a given 

population. Various analytical models have been applied to estimate genetic 

parameters for milking temperament in different dairy cattle populations (e.g., Abdel-

Hamid et al., 2017; Chang and Wang, 2020; Szymik et al., 2021; Batista-Taborda et 

al., 2023; Marcal-Pedroza et al., 2023). Estimates of heritability for milking 

temperament and genetic correlations between milking temperament and milk 

production traits were generally low in most of these studies. However, the genetic 

parameter estimates appear to vary with the method used to assess milking 

temperament and the analytical approach. 

 

2.8.1 Repeatability of milking temperament scores 

Repeatability, also known as the intraclass correlation coefficient, refers to the relative 

expression of the same trait at different times in the life of the same animal, or the 
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extent to which repeated measurements on an individual maintain a consistent value 

(Cilek and Sahin, 2009). It can also be described as a statistical measure of the 

consistency of repeated measurements, and is normally denoted by the letter r 

(Harper, 1994). Repeated measurements of the same animal could be identical in an 

ideal world. In practice, however, this is not the case as the observer unavoidably 

makes errors while measuring or scoring the animal (Barrett et al., 1989; Leverton, 

1989). The trait being measured may also vary with time (Harper,  1994), due to 

changes in temporary environmental effects on the animal’s phenotype. Since they 

can be used to predict future performance of the animal, repeatability estimates can 

assist in identifying which animals can be kept or culled in a herd (Cassell, 2009).  

Some estimates of repeatability for milking temperament, from the literature, are 

summarized in Table 2.2. These estimates are generally moderate, ranging from 0.32 

to 0.47 (Kramer et al., 2013; Wethal and Heringstad, 2019; Polupan et al., 2021; 

Batista-Taborda et al., 2023). This indicates that repeated measures of milking 

temperament on a cow are likely to produce fairly similar scores.  Differences in the 

analytical models applied and populations studied, as well the methods used to assess 

milking temperament, may partly explain the slight variation in these estimates. 

 

Table 2.2: Published repeatability estimates for milking temperament 

Reference Country Breed  Repeatability  

Kramer et al. (2013) Switzerland Brown Swiss 0.32 ± 0.04 

Wethal and Heringstad (2019) Norway Norwegian Red  0.43 

Polupan et al. (2021) Ukraine Holstein 0.47 

Batista-Taborda et al. (2023) Brazil Holstein-Gyr 0.38  ±  0.05 - 0.42  ±  0.02 

 

2.8.2 Heritability of milking temperament 

Heritability is an important parameter as it influences the accuracy of selection and 
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rate of genetic progress of a trait in the population. Table 2.3 presents some estimates 

of heritability for milking temperament in dairy cattle available in the literature. Most of 

these estimates are low and less than 0.20, although the range is quite large (0.03 to 

0.36) (Kramer et al., 2013; Stephansen et al., 2018; Chang and Wang, 2020; Antanaitis 

et al., 2021; Batista-Taborda et al., 2023). Estimates based on subjective scores are 

generally low (0.03 to 0.14) (Cue et al., 1996; Sewalem et al., 2011; Rinell et al., 2014; 

Chang and Wang, 2020; Antanaitis et al., 2021; Batista-Taborda et al., 2023) 

compared to those from automated machine connection data (0.26 to 0.36) 

(Stephansen et al., 2018). This may suggest that subjective scoring of cows is 

associated with large error variance. The scoring level used, as well as analytical 

model applied, also seem to be a source of variation in estimates. These published 

estimates suggest that considerable genetic improvement in milking temperament can 

be achieved through selection; however, there is a need to improve assessment of the 

trait to minimise error of measurement. 
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Table 2.3: Heritability estimates for milking temperament from the literature 

Country Breed MT score (Description) Models Heritability References 

New Zealand Holstein  1 - 9  (Nervous - Calm)  SM 0.14 Cue et al. (1996)  

Germany Holstein 1 - 9 (Nervous - Calm) RAM 0.07 Rensing and Ruten (2005) 

Canada Holstein 1 - 5 (Nervous - Calm) LAM 0.13 ± 0.014 Sewalem et al. (2011) 

Switzerland Brown Swiss 1 - 4  (Nervous - Calm) RAM 0.04 ± 0.04 Kramer et al. (2013) 

Sweden Holstein 1 - 9  (Nervous - Calm)  LAM 0.14 Rinell et al. (2014) 

Danmark Holstein nApT LAM 0.26 ± 0.02  Stephansen et al. (2018) 

Danmark Holstein CT LAM 0.36 ± 0.02 Stephansen et al. (2018) 

Norway Red dairy 0 or 1 (kick offs) RAM 0.06 ± 0.01 Wethal and Heringstad (2019) 

China Holstein 1-3 (Calm - Aggressive) GLMM 0.033 ± 0.017 Chang and Wang (2020) 

Lithuania Holstein 1 - 5 (Very calm - Very Aggressive) LAM 0.044 Antanaitis et al. (2021) 

Poland Holstein-Friesian 1 - 3 (Calm - Aggressive) LAM 0.08 ± 0.0063 Szymik et al. (2021) 

Brazil Holstein-Gyr 1 - 8 (Quiet - Agitated) RAM 0.14 ± 0.03 Batista-Taborda et al. (2023) 

MT=milking temperament; SM=sire model; RAM=repeatability animal model; LAM=linear animal model; GLMM=general linear 
mixed model; CT=Connection time; nApT=number of attachments per teat
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2.8.3 Genetic and phenotypic correlations between milking temperament and 

milk production traits 

Knowledge of genetic correlations may assist to establish the expected genetic 

change on a trait when selection is applied on other traits. Genetic correlations among 

traits in a population are also essential in the development of multi-trait selection 

objectives. Estimates of genetic correlations between milking temperament and milk 

production traits are scarce in the literature, and some of these are summarized in 

Table 2.4. These estimates generally range from low to moderate (Kruszynski et al., 

2013; Chang et al., 2020; Antanaitis et al., 2021). Chang et al. (2020) reported 

moderate genetic correlations, ranging from 0.27 to 0.42, for milking temperament with 

milk yield, protein and fat percent, in Chinese Holstein cattle. On the other hand, low 

estimates varying from 0.01 to 0.07 were obtained in Lithuanian (Antanaitis et al., 

2021) and Polish (Kruszynski et al., 2013) Holstein cattle.  Most of the genetic 

correlations were positive, suggesting that selection for good milking temperament 

(calm animals) may result in a correlated improvement in milk yield, protein and fat 

percent, and vice versa.  

Literature on phenotypic correlations between milking temperament and milk 

production traits is scant. A recent study by Antanaitis et al. (2021) reported extremely 

low phenotypic correlations ranging from -0.024 between milking temperament and fat 

percent to 0.043 for milking temperament with milk yield, in Lithuanian Holstein cattle. 

It is difficult to make any inferences from such low correlation estimates, and based 

on a single study. 
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Table 2.4: Summary of genetic and phenotypic correlations between milking 

temperament and milk production traits from the literature 

Traits Genetic correlation Phenotypic correlation References 

Milk yield 0.07 - Kruszynski et al. (2013) 

Protein percent 0.04 -  
Fat percent 0.01 -  
Milk yield 0.27 - Chang et al. (2020) 

Protein percent 0.42 -  
Fat percent 0.35 -  
Milk yield -0.113 0.043 Antanaitis et al. (2021) 

Protein percent 0.030 0.040  
Fat percent 0.011 -0.024  

 

2.9 Genetic trends for milking temperament 

The genetic trend of a trait indicates genetic changes in a population over time, and 

can be obtained by regressing mean breeding values on birth year (Sahebhonar, 

2007).  Monitoring genetic trends assists in evaluating the effectiveness of breeding 

programs or the cumulative effects of selection decisions (Hintz and Van Vleck, 1978; 

Pezeshkian et al., 2016).   

Sewalem et al. (2011) observed a gradual and uneven increase in genetic merit for 

milking temperament in Canadian Holstein bulls born from 1995 to 2005. Although 

milking temperament is not formally included in the selection objective for Canadian 

Holstein cattle, there has been intense selection for production traits for over a century 

(Sewalem et al., 2011). Cows with poor temperament are, however, selected against 

(Sewalem et al., 2010), which may explain the gradual improvement in milking 

temperament in the population. The trend could also be a correlated response to 

selection for production or other traits in the selection objective. A negative genetic 

trend for milking temperament was, however, observed in the Polish Holstein Friesian 

population for the period 2001 to 2004 (Kruszynski et al., 2013). 

file:///D:/multimedia/seri%2021/Pezeshkian%20(15-42)/Pezeshkian%20(15-42).doc%23s
file:///D:/multimedia/seri%2021/Pezeshkian%20(15-42)/Pezeshkian%20(15-42).doc%23s
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2.10 Conclusions 

Milking temperament is an important trait, since it influences herd profitability and 

welfare of both cows and humans; therefore, it should be included in dairy cattle 

breeding objectives. Calmness or good milking temperament has been largely 

associated with increased milk yield and compositional quality, improved cow 

longevity, higher conception rates, and better health and welfare. Non- genetic factors 

such as age at calving, herd, parity, and lactation stage have been documented to 

influence milking temperament; hence they should be accounted for in genetic 

analysis models. Repeatability estimates for milking temperament have been widely 

observed to be moderate, suggesting reasonable correlation between repeated scores 

on an animal. Low to moderate heritability estimates have been reported for milking 

temperament, which indicates potential for genetic improvement through selection. 

Genetic and phenotypic correlations between milking temperament and production 

traits in the literature are variable but mostly favourable. Selection for increased 

production may, therefore, improve milking temperament, and this is also inferable 

from genetic trends observed in some studies.  
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CHAPTER 3: MATERIALS AND METHODS 

3.1 Introduction 

Details of the data used in the current study, and the analyses carried out, are 

described in this chapter. The analyses involved computation of the repeatability of 

milking temperament scores, followed by an evaluation of the environmental factors 

influencing milking temperament, and estimation of genetic parameters among milking 

temperament, milk yield, and fat and protein percent. The genetic trend for milking 

temperament was also assessed, so as to determine if there have been any changes 

in the genetic merit for the trait over time. 

 

3.2 Data 

Milking temperament was assessed on milking cows from 16 Holstein herds 

participating in the National Milk Recording and Improvement Scheme, during the 

period September 2020 to November 2021. The herds were located in the South 

African provinces of Gauteng, Free State, Eastern Cape and KwaZulu-Natal. Four of 

the herds were scored 3 or 4 times at monthly intervals, and the rest were assessed 

only once.  Milk production data on these cows, and their pedigree information, were 

obtained from the Integrated Registration and Genetic Information System 

(INTERGIS) of South Africa. 

 

3.3 Assessment of milking temperament 

Milking temperament (MT) of each cow was scored on a five-point-scale, according to 

Gergovska et al. (2012), as described in Table 3.1. All cows were assessed by one 
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person, and this was carried out during the afternoon milking for most of the herds 

(13). Scoring was done by observing the cows during milking, and due care was taken 

not to interfere with the milking process.  

  

Table 3.1: Description of milking temperament scoring system (Gergovska et al., 

2012) 

Score Definition Description of the behavior 

1 Very nervous Very restless during milking process with kicking and lifting 

their legs 

2 Nervous The animal startled when humans approach 

3 Medium Cows were calm but they move a lot 

4 Calm Stand calm on the bedding, slash the tail 

5 Very calm Never showed restlessness, fully calm and obedient 

 

3.4 Data preparation and editing 

3.4.1 Milking temperament and production data 

A total of 3,850 MT records were collected from 2,844 cows in first to third lactation. 

These cows had 35,379 corresponding test-day records of milk yield and composition. 

The data were edited to exclude animals without critical information such as birthdate, 

calving date, parity, days in milk (DIM), milk yield, fat percent or protein percent. Age 

of cow at calving was restricted to the ranges 18 to 38, 39 to 58 and 59 to 78 months 

for first, second and third parity, respectively, in order to remove outliers (Mostert et 

al., 2006; Dube et al., 2008). Test-day milk yields <3.0 kg or >50.4 kg, fat percent 

<2.66% or >5.56% and protein percent <2.33% or >4.44% were also considered as 

outliers (Mostert et al., 2006) and deleted. Only test-day records falling between 10 
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and 305 days in milk (DIM) were included in the analyses, in order to factor out 

colostrum, which lasts 4 to 5 days after calving and contains higher protein and fat 

soluble vitamins compared to milk (O'Callaghan et al.,  2021). The standard lactation 

period is 305 days, after which the cow enters into the dry and resting period in 

preparation for the next calving and lactation (Kgole, 2013). Lactation stage was 

defined as early (10-100 DIM), mid (101-200 DIM) or late (201-305 DIM). Age at 

calving was classified into distinct age groups, as shown in Table 3.2. Herd and test 

date were concatenated to create herd-test-day (HTD), which was considered as the 

contemporary group. Two separate data sets were created from the edited data. Data 

set 1 consisted of 1,348 MT records of 363 cows from four herds, with each cow having 

3 or 4 repeated measures (scores). Data set 2 comprised of MT and test-day milk yield 

and composition records of 2 278 cows, with each cow having a single MT score. Data 

set 1 was used to compute the repeatability of MT scores and data set 2 was used for 

the remainder of the analyses.  

 

Table 3.2: Classification of age of cow at calving  

Group Age (months) 

1 18-28 

2 29-38 

3 39-48 

4 49-58 

5 59-68 

6 69-78 
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3.4.2 Pedigree data 

Pedigree records with unknown cow birthdate, dam or sire were deleted. The pedigree 

file was built around animals in Data set 2 with MT, milk yield, fat and protein percent 

records, going three generations back. Contemporary groups (HTD) with less than 

three sires and five records were removed. The final pedigree data set, after editing, 

consisted of records on 2 278 cows from 16 herds sired by 264 sires, and daughters 

of 1 309 dams. 

 

3.5 Statistical analysis 

3.5.1 Descriptive statistics 

Descriptive statistics for MT, milk yield, fat and protein percent were computed using 

the Proc Means procedure of the Statistical Analysis System (SAS 9.4, 2016).  

 

3.5.1 Repeatability of milking temperament scores 

Repeatability of MT scores was calculated from data set 1, by the Varcomp Procedure 

of the Statistical Analysis System (SAS 9.4, 2016), using the following equation (Caroli, 

1998): 

Repeatability  =
𝐕𝐚𝐫(𝐀𝐧𝐢𝐦𝐚𝐥)

𝐕𝐚𝐫(𝐀𝐧𝐢𝐦𝐚𝐥)+𝐕𝐚𝐫(𝐄𝐫𝐫𝐨𝐫)
=

𝛔𝐀𝐍𝐈𝐌𝐀𝐋
𝟐

𝛔𝐀𝐍𝐈𝐌𝐀𝐋
𝟐 +𝛔𝐄𝐑𝐑𝐎𝐑

𝟐  

 

Where: 

Var(Animal) is the variance of milking temperament scores within animal  

Var(Error) is the residual error variance 
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3.5.2 Environmental factors affecting milking temperament  

An analysis of variance was performed on data set 2, using the General Linear Models 

(GLM) procedure of SAS (SAS 9.4, 2016), to determine non-genetic factors influencing 

MT. The effects tested were herd-test-day, age of cow at calving, lactation stage and 

parity. The following model was used for the analysis:   

  

𝑦𝑖𝑗𝑘𝑙𝑚 = 𝜇 + 𝐻𝑇𝐷𝑖 +  𝐿𝑆𝑗 +  𝑃𝑘 +  𝐴𝐶𝐶𝑙 +  𝑒𝑖𝑗𝑘𝑙𝑚 

 

Where: 

Yijklm is an observation of milking temperament (1, 2, 3, 4, 5); 

µ is the overall population mean;  

HTDi is the fixed effect of the ith herd-test-day; 

LSj is the fixed effect of the jth lactation stage (early, mid, late); 

Pk is the fixed effect of the kth parity (1, 2, 3); 

ACCl is fixed effect of the lth age at calving group (1, 2, 3, 4, 5, 6); 

 eijklm is the random residual error.  

It was assumed that residual errors were independent and identically and normally 

distributed with mean 0 and variance 𝜎𝑒
2, i.e.:𝑒 𝑁(0, 𝑰𝜎𝑒

2
  ~ 
𝑖𝑖𝑑 ), where σ2

e is the residual 

variance and 𝑰 is an identity matrix. Means for effects that were significant (P<0.05) 

were separated using the least significant difference (LSD) procedure (α = 0.05). 

 

3.5.3 Estimation of genetic parameters  

(Co)variance components among MT, milk yield, protein and fat percent were 

estimated from data set 2, by linear animal models, using the Restricted Maximum 
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Likelihood (REML) procedure of the ASReml 4.2 programme (Gilmour et al., 2021). 

Single trait models were run first, to derive starting values, followed by bivariate 

analyses to estimate (co)variance components between MT and milk yield, fat and 

protein percent. The following general models, in matrix notation, were fitted: 

[
𝑦1

𝑦2
] = [

𝑋1 0
0 𝑋2

] [
𝑏1

𝑏2
] + [

𝑍1 0
0 𝑍2

] [
𝑢1

𝑢2
] + [

𝑒1

𝑒2
],    

 

Where:  

𝑦1 is a vector of observations for milking temperament; 

𝑦2 is a vector of observations for milk yield, fat or protein percent; 

𝑏1 is a vector of fixed effects influencing milking temperament; 

 𝑏2 is a vector of fixed effects influencing milk yield, fat or protein percent;  

𝑋1 is an incidence matrix relating fixed effects to milking temperament; 

 𝑋2 is an incidence matrix relating fixed effects to milk yield, fat or protein percent;  

𝑢1 is a vector of animal additive genetic effects for milking temperament; 

𝑢2 is a vector of animal additive genetic effects for milk yield, fat or protein percent; 

𝑍1 
 is an incidence matrix relating random animal additive genetic effects to milking 

temperament; 

𝑍2 is an incidence matrix relating random animal additive genetic effects to milk yield, 

fat or protein percent;  

𝑒1   
is a vector of random residual effects for milking temperament; 
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 𝑒2 is a vector of random residual effects for milk yield, fat or protein percent.  

 

Fixed effects fitted for milk yield, fat and protein percent were herd-test-day, age of 

cow at calving, lactation stage and parity (Mostert et al., 2006; Kgole, 2013). 

Random animal additive genetic effects (u) were assumed to have the distribution a~ 

N (0,𝐴𝜎𝑢
2), where A is the additive genetic relationship matrix and 𝜎𝑢

2 is the animal 

additive genetic variance. Residual effects (e) were assumed to be distributed with N 

~ (0,𝐼𝜎𝑒
2), where I is an identity matrix, 𝜎𝑒

2 is the residual variance and COV (u, e) = 0.  

The (co) variance structure for random effects was assumed to be as follows: 

var[
𝑢
𝑒

] = [
𝐴𝜎𝑢

2 0

0 𝐼𝜎𝑢
2] 

Heritability was estimated using the following formula (Falconer and Mackay, 1996): 

ℎ2 =
𝜎2𝑢

𝜎2𝑝
    and 𝜎2𝑝 = 𝜎2𝑢 + 𝜎2𝑒 

Where: 

h2 is the heritability; 

σ2
u is the additive genetic variance; 

σ2
p is the phenotypic variance; 

σ2
e is the residual variance.  

 

Genetic and phenotypic correlations for MT with milk yield, fat and protein percent 

were calculated as follows: 
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𝑟𝑔  =
𝐶𝑂𝑉𝑔𝑥𝑦

𝜎𝑔𝑥 + 𝜎𝑔𝑦
   

Where: 

 r𝒈    is the genetic correlation between traits x and y;   

𝐶𝑂𝑉𝑔𝑥𝑦
 is the genetic covariance between traits x and y;   

𝜎𝑔𝑥
  is the genetic standard deviation for trait x; 

 𝜎𝑔𝑦
 is the genetic standard deviation for trait. 

𝑟𝑝  =
𝐶𝑂𝑉𝑝𝑥𝑦

𝜎𝑝𝑥  +  𝜎𝑝𝑦
 

 

Where: 

r𝑝  is the phenotypic correlation between traits x and y;  

 𝐶𝑂𝑉𝑝𝑥𝑦
 is the phenotypic covariance between traits x and y;  

𝜎𝑝𝑥
is the phenotypic standard deviation for trait x;  

 𝜎𝑝𝑦  is the phenotypic standard deviation for trait y. 

 

3.5.4 Genetic trend 

Estimated breeding values (EBVs) of animals in the pedigree data set, were computed 

from the co(variance) component estimates by the Best Linear Unbiased Prediction 

method (Henderson, 1984), using the ASReml 4.2 programme (Gilmour et al., 2021). 

The genetic trend was then determined by plotting average EBVs by year of birth. 
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CHAPTER 4: RESULTS 

4.1 Introduction 

Results from the analyses detailed in Chapter 3 are described in this chapter. These 

include summary statistics for milking temperament (MT) and milk production traits, 

the repeatability estimate for MT scores, environmental factors influencing MT, and 

genetic parameter estimates among MT and milk yield, protein and fat percent. Lastly, 

the genetic trend for MT is presented. 

 

4.2 Descriptive statistics 

Descriptive statistics for MT, milk yield, fat and protein percent are presented in Table 

4.1. Milking temperament had a mean score of 3.05±1.32, and the means for daily 

milk yield, fat and protein percent were 27.22±9.45, 3.84±0.52 and 3.30±0.34, 

respectively. Coefficient of variation was highest for milking temperament (43.43%), 

followed by milk yield (34.73%). Fat and protein percent had a much lower coefficient 

of variation (10.39%). 

 

Table 4.1: Descriptive statistics for milking temperament and milk production traits in 

South African Holstein cattle. 

Traits Mean SD Minimum Maximum CV (%) 

MT 3.05 1.32 1 5 43.43 

Milk (kg/day) 27.22 9.45 3 50.4 34.73 

Fat (%) 3.84 0.52 2.66 5.56 13.63 

Protein (%) 3.3 0.34 2.33 4.44 10.39 

SD=Standard deviation; CV=Coefficient of variation 
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4.2 Repeatability of milking temperament scores 

The repeatability estimate for milking temperament scores was 0.47±0.03. 

 

4.3 Environmental factors influencing milking temperament  

Results of the analysis of variance to determine environmental factors influencing 

milking temperament are summarised in Table 4.2. Milking temperament was 

significantly influenced by herd-test-day (P <0.0001), ACC (P <0.0001) and LS (P 

<0.05).  Parity, on the other hand, had no significant influence on MT (P >0.05). 

 

Table 4.2: Environmental factors influencing milking temperament in South African 

Holstein cattle. 

Factor Mean Squares F Value P-value 

HTD 6.54 4.41 <0.0001 

ACC 358.85 241.97 <0.0001 

LS 6.88 4.64 <0.05 

Parity 8.79 4.40 >0.05 

HTD=Herd-test-day; LS=Lactation stage; ACC=Age of cow at calving 

 

4.3.1 Herd-test-day 

Herd-test-day had a highly significant effect (P <0.0001) on milking temperament, and 

contributed 42 % of the total variation in milking temperament. Mean scores for HTD 

groups ranged from 1.13±0.86 to 4.61±1.22. 
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4.3.2 Age of cow at calving 

Figure 4.1 shows the trend in least squares means for milking temperament with age 

of cow at calving. Milking temperament scores increased with age, peaking at 49-50 

months of age, then started to decline with advancing age.  

 

 

 

Means with different letters significantly different (P<0.05). 

Figure 4.1: Least squares means (LSM) for milking temperament (MT) by age of 

cow at calving 
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4.3.3 Stage of lactation 

Least squares means for MT scores by stage of lactation are illustrated by the bars in 

Figure 4.2. Scores were significantly higher (P<0.05) in early and mid than in late 

lactation. There was, however, no significant difference (P>0.05) in milking 

temperament between early and mid-lactation. Animals in early and mid-lactation 

stages had a mean score of 3.03 (medium) while those in late lactation were slightly 

more nervous (mean = 2.7). 

 

 

Means with different letters significantly different (P<0.05). 

Figure 4.2 : Least squares means for milking temperament (MT) by lactation stage 
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4.4 Genetic parameter estimates  

4.4.1 Heritability  

Heritability estimates for MT, milk yield, fat and protein percent are presented in Figure 

4.3. The heritability estimate for MT was low (0.05±0.04), while estimates for milk 

production traits were low to moderate, ranging from 0.11±0.05 for milk yield to 

0.24±0.06 for protein percent. 

 

 

Figure 4.3: Heritability estimates for milking temperament and milk production traits 

 

4.4.2 Genetic and phenotypic correlations 

Table 4.3 contains estimates of genetic and phenotypic correlations between MT and 

milk yield, fat and protein percent. Milking temperament had a moderate and positive 

genetic correlation of 0.60±0.35 with milk yield. Negative genetic correlations were, 

however, obtained between MT and fat percent (-0.12±0.24) and protein percent (-
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0.30±0.32). Phenotypic correlations were much lower (-0.04±0.02 to 0.25±0.02) 

compared to the corresponding genetic correlations, although the direction of the 

relationships remained similar. 

 

Table 4.3:  Genetic and phenotypic correlations between milking temperament and 

milk yield, fat and protein percent in South African Holstein cattle 

Trait  rg ±SE rp±SE 

Milk (kg/day) 0.60±0.35 0.25±0.02 

Fat (%) -0.12±0.24 -0.06±0.03 

Protein (%) -0.30±0.32 -0.04±0.02 

rg=Genetic correlation; rp=Phenotypic correlation; SE=Standard error 

 

4.4.3 Genetic trend  

Genetic trend for milking temperament, for cows born in the period 2009 to 2019, are 

presented in Figure 4.4. There was generally no distinct trend, with average estimated 

breeding values (EBVs) fluctuating from year to year. A peak in average EBVs was 

observed in 2013, and there was a large dip in 2014-2015. Overall, there was a 

decrease in mean EBV, at the rate of 0.0009 per year, during the 10-year period. The 

coefficient of determination for the linear best fit equation was, however, very low (R2 

=12.72%).  
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Figure 1.4: Genetic trend for milking temperament (MT) in South African Holstein 

cattle 
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CHAPTER 5: DISCUSSION 

5.1 Introduction  

Milking temperament is an important trait in dairy cattle, as it influences herd 

profitability, and animal and human welfare. Although it is increasingly being included 

in selection objectives worldwide, milking temperament has received little attention in 

South Africa. The current study was primarily aimed at estimating genetic parameters 

for milking temperament, and its relationships with milk yield, protein and fat percent 

in South African Holstein cattle. Such parameters are essential for the estimation of 

breeding values, to enable selection for the trait, in the South African Holstein cattle 

population.  In this chapter, the major findings obtained in the current study and their 

practical implications are discussed, taking into account existing knowledge from the 

literature. 

 

5.2 Descriptive statistics  

In the current study, cows were evaluated for milking temperament with scores ranging 

from 1 “very aggressive/nervous” to 5 “very calm”. Milking temperament had a mean 

score of 3.05±1.32, meaning that, on average, cows were moderately calm. It is, 

however, difficult to make direct comparison of this mean value for milking 

temperament with those from other studies, due to disparity among the scoring 

systems used (e.g. Kruszynski et al., 2013; Antanaitis et al., 2021).   

Coefficient of variation for milking temperament (43.43%) was much higher than for 

production traits, indicating comparatively large variability in MT scores. There are, 

however, no estimates of coefficient of variation for MT available in the literature to 
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compare with. Milk production traits had estimates of coefficient of variation ranging 

from 10.39% for protein percent to 34.73% for milk yield, which were comparable to 

values obtained recently by Ismael (2021) in Serbian Holstein–Friesian cows.    

5.3 Repeatability estimate for milking temperament scores 

 Repeatability of milking temperament was estimated mainly to assess how closely 

successive scores on the same cow agree. This depends largely on the consistency 

of the person doing the assessment, although temporary environmental effects on the 

animal may also have some influence. Martin and Bateson (1986) proffered that 

repeatability estimates in the range 0.2 - 0.4 may be regarded as low; those between 

0.4 and 0.7 as moderate; and those larger than 0.7 as high. A moderate repeatability 

estimate (0.47 ± 0.03) was obtained for milking temperament scores recorded in the 

current study, in close agreement with other studies elsewhere (Kramer et al., 2013; 

Wethal and Heringstad, 2019; Polupan et al., 2021; Batista-Taborda et al., 2023). The 

moderate repeatability estimate suggests that repeated scores of milking 

temperament on a cow are fairly consistent.  In addition to indicating consistence of 

the assessor, this means that it may not be necessary to assess milking temperament 

repeatedly on a cow, since the first score corresponds reasonably with future scores.  

 

5.4 Non-genetic factors influencing milking temperament 

In addition to its use in herd management, knowledge of non-genetic factors affecting 

a trait is crucial for the accurate estimation of breeding values. This is achieved by 

fitting them in the models for genetic prediction. In the current study, herd-test-day 

(HTD), age of cow at calving (ACC) and lactation stage (LS) significantly influenced 
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milking temperament. These factors were subsequently included in the models for 

estimating genetic parameters. 

 

5.4.1 Herd-test-day 

Herd-test-day, which was regarded as the contemporary group, turned out to be one 

of the most significant sources of variation in milking temperament (P <0.0001), 

accounting for 42% of the total variation. This is in agreement with several other 

studies (Rensing and Ruten, 2005; Szentleleki et al., 2008; Sewalem et al., 2011; 

Haskell et al., 2014; Wethal and Heringstad, 2019; Antanaitis et al., 2021), and this 

effect may be attributable to management factors such as animal handling, milking 

procedure and human approach, which may differ among herds and within the same 

herd on a day-to-day basis (Costantini at el., 2008; Antanaitis et al., 2021; Jaskowski 

et al., 2023).  

 

5.4.2 Age of cow at calving 

Age of the cow at calving came out as another factor with a major influence on milking 

temperament (P <0.0001), in concurrence several previous studies (Turner et al., 

2013; Neja et al., 2015; Caetano et al., 2017; Cielava et al., 2017; Eastham et al., 

2018; Almasri et al., 2020). In the current study, milking temperament scores 

increased (i.e. cows became calmer) with increase in age of the cow, reaching a peak 

at 49-68 months of age, and then started to decline (i.e. cows became less calm) with 

advancing age. This trend could be explained by the fact that young cows are naturally 

more nervous, and also less familiar with the overall milking procedure, than older 

cows (Rousing et al., 2004; Haskell et al., 2012; Marcal-Pedroza et al., 2023). It is, 

however, not clear why cows would become less calm beyond the age of 49-68 
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months. Surprisingly, though, older Polish Holstein cows were reported to be more 

aggressive during the milking process compared to younger cows (Kalinska and 

Slosarz, 2016; Karamfilov, 2022). The reason that older cows were less calm than 

young cows might be attributable to the fact that older cows become uncomfortable 

during milking due to the swollen udder from high level of daily milk yield pressure 

(Szentleleki et al., 2015). 

  

 5.4.3 Lactation stage 

Milking temperament was also significantly influenced by the stage of lactation (P 

<0.05), with cows in early and mid-lactation being calmer than those in late lactation. 

This agrees with previous findings by Neja et al. (2015) in Polish Holstein-Friesian 

cows, and may be due to the drop in milk production in late lactation causing cows to 

be uncomfortable and stressed during the milking process (Chebel et al., 2016; 

Proudfoot et al., 2018). Some studies have, however, observed relatively more 

nervousness/aggressiveness in early-lactation cows compared to those in late 

lactation (Gergovska et al., 2012; Sawa et al., 2017; Antanaitis et al., 2021). This may 

partly be caused by the stress of adjusting to new groups, and increased physiological 

stress, during early lactation.  

 

5.5 Genetic parameter estimates 

5.5.1 Heritability estimates 

A key objective of this study was to determine the extent to which milking temperament 

is under additive genetic effects. This is important in assessing the potential for genetic 

improvement through selection. The (co)variance component estimates derived during 
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the analysis are also a prerequisite for estimating breeding values for the trait in the 

population under study. A low heritability estimate for MT (0.05±0.04) was obtained, 

in agreement with several other studies which reported estimates ranging from 0.03 

to 0.14 (Cue et al., 1996; Sewalem et al., 2011; Rinell et al., 2014; Chang and Wang, 

2020; Antanaitis et al., 2021; Batista-Taborda et al., 2023). These studies were also 

based on subjectively assessed MT, and factors such as the scoring scale and 

analytical models applied seemed to have resulted in a slight variation in the 

estimates. Larger heritability estimates, ranging between 0.26 and 0.36 were reported 

for first-parity Danish Holstein cows, based on MT data from objective automatic 

machine connection evaluation (Stephansen et al., 2018). These estimates suggest 

that objective assessment of MT using such a method might be better at capturing 

genetic variance among individual animals, or reducing error variance. The 

assessment procedure is, however, more time-consuming and can only be used for 

herds with automatic milking machines. It is evident from the results of the current 

study, and those from the literature, that MT is under some genetic influence. The low 

heritability estimate obtained for MT in South African Holstein cattle, in the current 

study, implies low accuracy of selection; however, this can be improved through 

approaches such as multiple trait analysis including correlated traits. For example, 

Eaglen et al. (2012) showed that multi-trait analyses including calving ease, stillbirth 

and gestation length had higher prediction accuracy than univariate analysis for 

calving ease and stillbirth. 

Heritability estimates for milk production traits obtained in the current study ranged 

from low (0.11±0.05) for milk yield to moderate (0.24±0.06) for protein percent, and 

were comparable to those from previous studies in South African Holstein cattle 

(Makgahlela et al., 2007; Maiwashe et al., 2008; Kgole, 2013; Tlabela, 2020; Van 
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Niekerk et al., 2023) and elsewhere (Peixoto et al., 2016; Getahun et al., 2020;; Ismael 

et al., 2021; Batista-Taborda et al., 2023; Kinghorn et al., 2023). . The relatively higher 

heritability of these traits may render them useful for improving the accuracy of 

selection for MT through multiple trait analysis, provided there is considerable genetic 

correlation. 

5.5.2 Genetic and phenotypic correlations  

Genetic correlations provide an indication of the expected changes in a trait when 

selection is applied on other traits. Accuracy of selection for a trait can be improved 

through multi-trait genetic analysis including traits with which it is genetically 

correlated. In the current study, milking temperament had a moderate positive 

association with milk yield, which means that cows with good temperament tended to 

produce more milk, and vice versa. Similar results were also reported for Chinese 

Holstein cattle by Chang et al. (2020), and imply that selection for increased milk yield 

is likely to result in a correlated improvement in milking temperament. Furthermore, 

accuracy of selection for milking temperament may be improved through multiple trait 

analysis including milk yield. Kruszynski et al. (2013) also found a positive genetic 

correlation between milking temperament and milk yield in Brown Swiss cattle, 

although the relationship was very weak. Contrary to all these studies, Antanaitis et al. 

(2021) observed a negative, although very low, genetic association between milking 

temperament and milk yield in Lithuanian Holstein cattle.  

Genetic correlations between milking temperament and fat and protein percent were 

low to moderate, and both negative. The negative (undesirable) relationship is 

plausible, given the fact that fat and protein percent are negatively correlated with milk 

yield and milking temperament had a positive association with milk yield. Previous 
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studies elsewhere have, however, reported favourable relationships between milking 

temperament and fat and protein percent (Kruszynski et al., 2013; Chang et al., 2020; 

Antanaitis et al., 2021).  

Phenotypic correlations between milking temperament and milk production traits 

followed the same trend as the genetic correlations, but were much lower. The 

estimate for milk yield was much higher, whereas those for fat and protein percent 

were comparable, relative to those from a previous study on Lithuanian Holstein cattle 

(Antanaitis et al., 2021). It, therefore, appears that the relationship between milking 

temperament and fat and protein percent is weak at both the genetic and phenotypic 

levels.  

 

5.5.5 Genetic trend for milking temperament 

Genetic trend for milking temperament was estimated to determine if there have been 

any changes in genetic value for the trait in the South African Holstein cattle population 

in recent years. No consistent trend was observed and, overall, there was a marginal 

decrease in genetic merit for milking temperament during the 10 year period 2009-

2019. This slight decrease could be due to the fact there has been no selection for 

milking temperament in the South African Holstein cattle population. Similar results 

were also reported in Polish Holstein-Friesian cattle (Kruszynski et al., 2013); however, 

a minor albeit also irregular increase was observed in Canadian Holstein cattle 

(Sewalem et al., 2011). It is, therefore, imperative to include milking temperament in 

the breeding objective for South African Holstein cattle, in order to achieve meaningful 

genetic improvement.   
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS 

Herd-test-day, age of cow at calving and lactation stage have a significant influence 

on milking temperament in South African Holstein cattle and, therefore, should be 

accounted for in genetic analysis models. Milking temperament scores recorded in the 

current study were moderately repeatable, indicating reasonable consistency in the 

assessment process.  

A low heritability estimate for milking temperament was obtained for the South African 

Holstein population, suggesting that low accuracy of selection and genetic progress is 

achievable. The moderately high genetic correlation obtained between milking 

temperament and milk yield, however, suggests that there is an opportunity to improve 

the accuracy of selection through multi-trait analysis including the two traits. There is 

also a need to implement large-scale recording of milking temperament on South 

African Holstein herds, as another approach to improve the accuracy of selection. 

There has been no discernible change in the genetic merit for milking temperament in 

the South African Holstein cattle population in recent years. This provides motivation 

for including milking temperament in the breeding objective, so as to achieve 

significant genetic improvement. Genetic parameter estimates obtained in the current 

study may serve to facilitate the estimation of breeding values and, hence, the 

inclusion of milking temperament in the breeding objective for South African Holstein 

cattle. 

Future work may consider the identification of genomic regions and genes linked with 

milking temperament. Such information may help to implement marker-assisted 

selection, and thus accelerate the rate of genetic gain for milking temperament in 

South African dairy cattle. 
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