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Summary 
 
Automatic milking systems (AM-systems) are known due to two major advantages; 
reduce in labour and increase in milk yield. However, the exponential growth of AM-
systems has led to a discussion about the somatic cell count (SCC). During the last years, 
the average SCC in the Netherlands has decreased to approximately 175,000 cells/ml. The 
relation between milk quality, animal welfare and SCC show the importance of SCC within 
AM-systems. Somatic cell count does not only affect the parameters, such as milk yield, 
milk quality or animal welfare, but also the economic performance on a farm. The average 
total costs of mastitis are mostly related with the failure costs, cost due to treatment or 
consequences of mastitis such as milk production losses. For cows with a high SCC, the 
economic losses are caused by production losses and variate between primiparous (0.4 
kg milk per day) and multiparous (0.6 kg milk per day) cows.  
 
The transition from conventional milking systems (CM-systems) to AM-systems can have 
an effect on different parameters, among which is the bulk milk somatic cell count 
(BMSCC). The aim of this research was to analyse the economic consequences due to SCC 
after the transition to AM-systems. Also the consequences on cows with high SCC and 305-
day production were important factors within this research. With the use of multivariable 
population-averaged generalized estimating equations models, the farms which made a 
transition to a AM-system were compared to farms with CM-systems.  
 
A significant increase in BMSCC was observed directly after the transition to a AM-
systems. However the increase became less pronounced over the years with a direct 
increase of 20,000 cells/ml in 2007 and 2,000 cells/ml in 2017. The transition to AM-
systems also had an effect on cows with high SCC or new high SCC. For both parameters, 
an direct increase was shown which did not return to the same level as before the 
transition. The 305-day production after the transition did increase. In 2017, the 305-day 
production did even increase by 87.5% from 12 months before till 12 months after 
transition. 
  The economic losses within this research were focused on the costs of individual 
SCC and the incidence rate of clinical mastitis. On cow level, the economic losses increased 
directly after the transition and were higher compared to farms with CM-systems.  
 
The results of this research show the (economic) consequences of SCC after the transition 
to a AM-system. The methodology and results of this study can be used for further 
research, for example a study whereby farms are categorised before the transition to AM-
systems or a dividing in AM-system brands. The results also adds knowledge to the 
further improvement of the SCC in AM-systems. The results showed an improvement of 
the increase in BMSCC, which will have a positive impact on the advice for farms when 
considering switching to AM-systems. 
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1 Introduction 
This chapter describes the introduction of this thesis report, concluding problem 
statement, research objective and research questions and the methodology of this thesis. 
 

1.1 Problem statement 
Introduction 

Automatic milking systems (AM-systems) became globally accepted as a milking 
technology which reduces the need for labour and offers the possibility for an increased 
milking frequency and consequently the milk yield. Currently there are more than 25,000 
dairy farms with AM-systems in the world (Barkema et al., 2015). The current number of 
farms with AM-systems in the Netherlands is 4,157 (Stichting KOM, 27-01-2019). Several 
studies have analysed the advantages and disadvantages of AM-systems. Frequent 
mentioned items are reduced labour, between 18% and 46%, (Bentley et al., 2013; 
Hogeveen et al., 2004) and increased milk production. The average milk production 
increase is from 10% to 15%. (Hansen, 2015) but when correcting for the yearly 
production increase due to improving genetics and management, the increase of milk 
production is only around 2% (Wade et al., 2004). On the other hand, the impact of AM-
systems on milk quality and animal health is not consistent. Several studies showed no 
differences in somatic cell count (SCC) on quarter milking or the bulk tank SCC (BTSCC) 
(Berglund et al., 2002; Tse et al., 2018). Another study expects that the variation in the 
milking interval can be part of the reason in the increase in SCC (Hogeveen et al., 2001).  

The awareness of SCC has increased in the last years. Milk with a high level of SCC 
cannot be used for cheese production and has a negative influence on the condition of the 
animal (Sharma et al., 2011). This causes an increase in the awareness of consumers and 
organisations regarding animal welfare (Schukken et al., 2003). But most important is the 
negative influence on milk quality, lower milk production and changes in milk consistency 
(Sharma et al., 2011). Those changes have also an influence on the profitability of a dairy 
farm. A study concluded that “the SCC is a useful benchmark for evaluating dairy farm profit 
and milk quality” (El‐Tahawy & El‐Far, 2010, page 468). This study mentioned a decrease 
of milk return per month per cow from 24% when SCC is over 400,000/ml instead of being 
below 100,000/ml.  

Somatic cell count is frequently used as a proxy for mastitis and mastitis is one of 
the most expensive disease costs in dairy farms (Geary et al., 2012). Previous surveys have 
found that the incidence of mastitis in American dairy herds is rising over time, whereas 
milk quality standards have become more rigorous. In the Netherlands, the incidence of 
mastitis reduced in the past years. A study by Lam et al. (2013) has shown a significantly 
decrease of clinical mastitis between 2004 and 2009. Subclinical mastitis occurrence did 
not change significantly, although a more recent study has shown a decrease of 5% of 
subclinical mastitis in the last years (Santman-Berends et al., 2016).  

The inconsistencies of studies on SCC and milk quality within AM-systems affects 
the opinion from the dairy farmer. According to Van der Vorst et al. (2002), milk quality 
is significantly lower with AM-systems, with the poorest quality in the first six months 
after introducing an AM-system. However, the effect of AMS on BTSCC has been variable 
according to a study by Tse et al. (2018). With the use of linear regression models the 
strength of associations between BTSCC and  time since transition to AM-systems has 
been shown. A decrease or  no change after the transition to AM-systems was reported by 
80% of the interviewed respondents. Based on the reported averages, geometric mean of 
the BTSCC was 180,000/ml. According to de Koning (2011), the results of SCC before 
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automatic milking are 175,000/ml and after automatic milking increased to 190,000/ml. 
Both are still far within the requirements of the dairy industry. 

According to developers of AM-systems, the technique of the AM-systems has 
improved significantly. The knowledge of SCC within AM-systems has ensured that the 
milking technique has improved, besides the knowledge of farmers working with an AM-
system. The change in working method has also an impact on the SCC. Nowadays suppliers 
of AM-systems advice to improve the udder health before the transition, which also 
reduces the SCC.  

 
Problem statement 
Several studies have shown the differences of SCC before and after automatic milking, 
effects on milk quality, milk yield and corresponding milk return. But none is focussed on 
the costs and economic efficiency of variation in SCC by AM-systems, where the decrease 
in milk return and increase in costs are taken into account.  
 
According to the current literature, there is no study about the economic consequences of 
SCC within AM-systems. There are several studies about SCC in AM-systems and about the 
difference in milk return within AM-systems. However, these studies are not focused on 
the overall economic consequences of SCC within AM-systems.  

This study aims to analyse the SCC changes on Dutch dairy farms after introducing 
AM-systems and to quantify its economic consequences. The results of the study will 
contribute to the discussion on economic consequences of SCC within AM-systems within 
the Dutch dairy industry.  

 

1.2 Objective of study 
In connection with the problem statement, the aim of this study is to analyse the effects 
on the economic efficiency of SCC within AM-systems, based on the overall trend of SCC 
in Dutch dairy farms. This will lead to the following main research question: 
 
What are the economic consequences of SCC after the introduction of an AM-systems in 
Dutch dairy farms? 
 
The main research question can be divided into several sub-questions, in order to 
examine the influences mentioned in the problem statement and to answer the present 
knowledge gap: 

1. What is the relation between animal welfare, milk quality and SCC? 
2. What is the influence of SCC on economic performance? 
3. What is the overall trend of SCC on Dutch dairy farms? 
4. What are the changes on SCC after introducing AM-systems? 
5. What are the economic consequences of SCC on a Dutch dairy farm? 
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2 Literature review 
The global acceptance of Automatic Milking Systems (AM-systems) as a milking 
technology has led to more than 25,000 dairy farms with AM-systems worldwide 
(Barkema et al., 2015). AM-systems are known for a reduction in labour, increase in milk 
yield and improvement of animal welfare (Jacobs & Siegford, 2012). However, the results 
in milk quality vary widely (Tse et al., 2018). AM-systems are developed in order to 
improve the farmers daily routine, but what are the results on milk yield, milk quality and 
animal welfare? 
 Somatic cell count can be used to monitor the occurrence of subclinical mastitis 
(SCM), and is therefore an important component of milk in assessing aspects of quality 
and hygiene. Mastitis has a direct negative influence on animal welfare, milk quality, and 
milk yield (Cinar et al., 2015; Petersson-Wolfe et al., 2018; Sharma et al., 2011). But what 
is the direct relation between those aspects and the trend within Dutch dairy farms? 
  
Within this chapter several sub-questions will be answered. First of all a introduction of 
AM-systems and SCC is given, thereafter the relation between those subject and milk yield, 
milk quality and animal welfare is described, answering sub-question 1. Also the influence 
of SCC on economic performance, answering sub-question 2, will be given. Additionally, 
sub-question 3, the overall trend in the last 10 years of SCC on Dutch dairy farms, will be 
answered. 
 

2.1 Automatic milking systems and somatic cell count 
Milking is a time-consuming and demanding routine task, especially on smaller dairy 
farms where milking is done by the family. On larger farms, where hired labour is used, it 
is often difficult to continue the hired labour due to competition from other companies. 
Automatic milking systems offer the possibility to relieve the farmer of this labour-
intensive task. AM-systems offer two major advantages; reduction in labour for milking 
and increase in milk production (Rotz et al., 2003). After introducing the AM-systems, it 
became apparent that it is an entirely new management system whereby milking, milk 
quality, feeding, cow behaviour, cow traffic, grazing and animal welfare are important 
factors (Svennersten-Sjaunja & Pettersson, 2008).  
 Milk yield is related to the milking frequency of high-yielding cows. With a milking 
frequency of more than twice daily, an average increase of 10%-15% on the milk yield is 
expected (Österman & Bertilsson, 2003). With AM-systems it is possible to control the 
milking frequencies during different stages of the lactation and between different cows 
(Svennersten-Sjaunja & Pettersson, 2005).  
 Somatic cell count and udder health are highly related to milk quality and dairy 
cow hygiene (Sant’Anna & Paranhos da Costa, 2011). Concerns were raised regarding 
udder health and SCC after introduction of AM-systems (Klungel et al., 2000; Kruip et al., 
2002). A decrease in milk quality, due to an increased SCC or total bacterial count, has 
significant negative consequences for the farmer and the dairy industry (Rasmussen et al., 
2002). An significant increase of the total bacterial count is shown during the first three 
months after introduction of AM-systems. Although several studies have shown that AM-
systems do not increase SCC and occur no increase in clinical mastitis (Bennedsgaard et 
al., 2006; Berglund et al., 2002), higher values of SCC are shown during the first year after 
introduction. Nevertheless the SCC decreased over time and showed an improvement in 
the third year (Castro et al., 2018).  
 After the introduction of AM-systems, the awareness that the systems have an 
influence on the cows’ well-being is raised. A study by Hagen et al. (2005) has concluded 
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an increased chronic stress level compared to loose housing systems and a study by 
Stefanowska et al. (2000) has shown an increase of attachment failure with robotic 
milking. Although an increase of chronic stress during milking was not observed, 
attachment failure can lead to stress and leakage of milk.  
 
Somatic cell count, a udder-health-associated variable, is an indicator for mastitis. Risk 
factors for mastitis can be categorised into three group; factors related to (1) exposure to 
causal pathogens, (2) host resistance to infection and (3) cure of infection (Barkema, 
Schukken, et al., 1999). The first factor group is frequently mentioned on farms with CM-
systems. Factors related to this group are; hygiene of the cow and the milking machine, 
housing, milking procedure, post-milking teat disinfection and milk leakage (Barkema, 
Schukken, et al., 1999; Breen et al., 2009; Klaas et al., 2005; Santman-Berends et al., 2016). 
Risk factors related to the second group, host resistance to infection, are for example; 
breed, milk production level and nutrition (Heringstad et al., 2000; Hogan et al., 1993; 
Schukken et al., 1990). Factors associated with the last group, cure of infection, include 
cow, treatment-associated factors and pathogen characteristics (Barkema et al., 2006).  

Many risk factors for mastitis in CM-systems apply to AM-systems also, however 
some determinants differ (Deng et al., 2019). For example, the detection of clinical 
mastitis is based on screening with sensors within AM-systems, while it is done by the 
farmer within CM-systems Deng et al. (2019). Moreover, udder preparation is done 
automatically with the same intensity within AM-systems, whereas the farmer can adjust 
the process related to the circumstances within CM-systems. Additionally, the incidence 
of milk leakage is higher within AM-systems compared to CM-systems, according to 
Persson Waller et al. (2003) 
 
An increase in SCC does not only have an effect on the potential of clinical mastitis but 
also, as mentioned before, on the milk yield, milk quality and animal welfare. During the 
next sections, these effect are discussed. 
 

2.1.1 Milk yield 
When introducing AM-systems, farmers frequently mention a milk yield increase. 
However, production losses may be observed also because almost 10% of the herd 
realised a milking frequency of 2 or lower which can lead to non-increase in milk yield 
(De Koning & Rodenburg, 2004). Penry et al. (2018) has shown a positive relation 
between milking interval and days in milk (DIM; figure 1). Cows in late lactation may thus 
explain that 10% of the total herd has a milking frequency of 2 or lower.  
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As mentioned before SCC is mainly affected by exposure to causal pathogens and host 
resistance to infections, mainly mammary gland infections (Dohoo & Meek, 1982). SCC is 
also influenced by physiological and management factors such as milking frequency, 
lactation stage or stress (Wiktorsson & Sørensen, 2004). According to a study by 
Helmreich et al. (2016), SCC is only weakly influenced by milking frequency. A higher 
milking frequency tends to have a lower SCC compared to lower milking frequencies 
(figure 2).  
 
Moreover, an increase in SCC does have a significant effect 
on milk yield. Figure 3 indicates the correlation between 
SCC and milk yield, with a P-value under 0.01 (Cinar et al., 
2015). Milk yield loss will increase related to the number of 
day with SCC ≥ 100,000 cells/ml, whereby cows with 
chronic mastitis have higher milk losses than cows with a 
new infection. The daily revenue losses vary from $1.20 per cow per day in the first 
month, to $2.06 per cow per day in the 10th month of lactation (Hadrich et al., 2018).  

Although SCC has a negative correlation with milk yield it has a positively 
correlation with the total solids of milk such as milk fat, milk protein and milk urea 
Nitrogen (figure 4). The milk lactose level is also correlated with SCC but did not change 
in cows in first lactation. It decreased in cows in second lactation (Cinar et al., 2015).  
 

 
Figure 4 Correlation of SCC with milk composition (Cinar et al., 2015) 

 

2.1.2 Milk quality 
Somatic cell count is a common measure of milk quality (Harding, 1995, page 25). Also, 
total plate count, free fatty acids, freezing point, fat content and protein content are 
important parameters. According to a study by Klungel et al. (2000), conducted on 28 
farms in the Netherlands, the introduction of AM-systems in dairy farms has a negative 
impact on milk quality. Increases in total plate count, free fatty acids and freezing point 
were observed. The SCC did not change after introduction of the AM-systems but the SCC 

Figure 1 Linear regression of milking interval versus days in milk 
(Penry et al., 2018) 

Figure 2 Influence of SCC by milking 
frequency (Helmreich et al., 2016) 

Figure 3 Correlation of SCC with 
milk yield (Cinar et al., 2015) 
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levels before transition were already rather high (> 200,000 cells/ml) compared to SCC 
levels of CM-systems in this study.   
 A more recent study has shown an significant increase in SCC during and just after 
the introduction of AM-systems. Figure 5 shows the course of the BMSCC on 99 Danish 
farms 45 days before and until 390 after the introduction of the AM-systems. Three 
groups of AM-systems are compared with a group of CM-systems, the groups were divided 
based on the installation dates of the AM-systems. The results show that the introduction 
of AM-systems has a high impact on bulk milk SCC (BMSCC) during and after the 
introduction of AM-systems (De Koning et al., 2004).  AM4, the group to which the AM-
system was last installed, does show a lower BMSCC compared to the other AM-groups. 

        
 
A more recent study by Castro et al. (2018) only indicates a difference between the 
summer and winter months. The BMSCC was the highest during the first year after 
installation (figure 6) although differences between before and after introducing an AM-
system were not significant (P-value = 0.275). Over time the BMSCC decreases to the same 
level before the introduction of AM-systems, due to gaining experience, improvement in 
management and the adaption of the cows (Castro et al., 2018). 
 

2.1.3 Animal welfare 
Cows usually fulfil their activities, such as eating and resting, synchronously. With an AM-
system, cows are forced to eat, milk and rest separately and line-up in front of the system. 
This can lead to problems with low-ranked cows to adapt in a situation where they must 
compete with high-ranked cows (Svennersten-Sjaunja & Pettersson, 2008). Cows kept in 
barns with AM-systems do have an increased chronic stress, compared with cows kept in 
a loose housing system. However, this is not observed during milking (Hagen et al., 2005). 
Moreover, adaptation to the new system within a few days is possible for most cows but 
there is a large variation around that. The first visit of a cow to the AM-system did increase 
the heart rate compared to CM-system but the second visit did not (Weiss et al., 2004). 
Also the risk for failure of milking has an impact on cow behaviour. Missed attachment of 
the milking cluster impacts the time spent lying and it results in more frequent urinating 
(Stefanowska et al., 2000).    
 
On farms with AM-systems, the hygiene of the cow and milking system are significantly 
related to udder health (Dohmen et al., 2010). A recent study has determined risk factors 
for mastitis within AM-systems. The dairy farms were divided into two principal 

Figure 5 Changes of BMSCC before and after 
introduction of AM-systems (De Koning et al., 2004) 

Figure 6 Changes of BMSCC before and after 
introduction of AM-systems (Castro et al., 2018) 
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components; (PC1) larger farms with poor hygiene of cows and AM-system and (PC2) 
newly built smaller farms with poor cow hygiene and low milk production. The results of 
this study, as shown in figure 7,  concluded that variables most related to PC1 are based 
on farm size (5 variables), hygiene of the AM-systems (8 variables) and hygiene of the 
cows (8 variables). The variables related to PC2 are mostly based on farm size (4 
variables) and hygiene of cows (3 variables). The authors concluded that most risk factors 
are comparable with the risk factors of CM-systems, although farm size seems to be an 
important factor within farms with AM-systems.  
 

 
Figure 7 Plot for the variables and principal components on dairy farms with  
AM-systems (Deng et al., 2019) 

The corporal hygiene of the cow is an important indicator of dairy cows’ welfare. The 
hygiene of the udder and the leg also has a relation with the occurrence of (sub-) clinical 
mastitis, although the association of mastitis with cleanliness of the leg is lower compared 
to one with the cleanliness of the udder (Schreiner & Ruegg, 2003). A study by Sant’Anna 
& Paranhos da Costa (2011) has furthermore shown an significant correlation between 
cleanliness of each body area and the SCC. It is therefore important to establish 
management procedures to control the hygiene of the cows and to improve their welfare. 
Management style has an important role on the SCC. The management style which can be 
described as clean and accurate has a positive effect on the SCC. Important is the attention 
on the individual cows and the implementation measures to prevent mastitis more often. 
A management style whereby “quick and dirty” are an important role, have a negative 
effect on the SCC (Barkema, Van der Ploeg, et al., 1999).  
 

2.2 Economic performance  
Investments for AM-systems are much higher than for CM-systems, although an increase 
with less labour reduces the costs of milking per kilogram (De Koning & Rodenburg, 
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2004). When an AM-systems replaces hired labour, a substantial saving up to $200 per 
cow per year can be obtained. However, when the farmer’s labour is replaced, the saving 
is less tangible (Rotz et al., 2002).  

Rotz et al. (2002) analysed the economic impact of AM-systems. The results of this 
study, shown in figure 8, are divided into three different systems; an CM-system with 
twice daily milking, an AM-system also with twice daily milking and an AM-system with 
three times a day milking. The study concluded that the economic benefit of an AM-system 
will be the highest on farms where herd size matches the capacity of the AM-system. 
Figure 8 indicates that on several herd sizes, the CM-systems has a higher annual net 
return compared to the AM-systems. 

 
Figure 8 Annual net return as influenced by milking system (Rotz et al., 2002) 

Although several herd sizes have a higher annual return when using an AM-system 
compared to an CM-system  (Rotz et al., 2002), the costs of an increase in SCC is not taken 
into account. An increase in SCC has an negative impact on the milk yield and milk return 
(El‐Tahawy & El‐Far, 2010). The costs can be divide in (1) penalties in the milk payment 
related to SCC and (2) veterinary costs due to mastitis. To reduce the costs and avoid 
payment penalties, culling of cows with high SCC is commonly advised. However culling 
is not often applied, culling incurs a cost of replacement and this might be more expensive 
than accepting milk quality penalties (Dekkers et al., 1996).  Another approach is to 
withdraw the milk from cows with high SCC. But according to Nielsen et al. (2010), 
withdrawing milk from cows with high SCC is never profitable due to a substantial amount 
of milk withdrawal.  
 
The costs of mastitis and mastitis prevention can be divided into several factors and 
several events. Table 1 shows an indication of all costs according to different studies, 
based on the events and the factors defined by Halasa et al. (2007).    
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Table 1 Costs of mastitis and mastitis prevention (in Euro per case or per average cow a year) (Halasa et al., 2007) 

Reference Ref. 32 Ref. 43 Ref. 49 Ref. 22 Ref. 40 Ref. 50 Ref. 511 Ref. 61 Ref. 72 

Type of event Summer 
mastitis 

Clinical 
mastitis 

Subclinical 
mastitis 

Mastitis 
prevention 

Clinical 
mastitis 

Clinical 
mastitis 

Mastitis and 
prevention 
 

Treatment 
of mastitis 

Clinical 
mastitis 

Analysis level Case Case Case Cow Cow Cow Cow Cow Cow 

Total costs 279 287 102 26 28 31 31 3 22 

Cost factors          
Loss in milk 
production 

136  49   112 11  8 

Labour 28  -   13 3  - 

Treatment 6  -   64 1  45 

Culling 1033  31   13 9  10 

Death and 
disposal 

-  -   - 1  - 

Veterinarian 6  -   - 2  - 

Milk quality -  14   - -  - 

Materials and 
investments 

-  8   - 4  - 

(Fourichon et al., 2001; Hillerton et al., 1992; Kaneene & Hurd, 1990; Kossaibati & Esslemont, 1997; McInerney et al., 1992; Miller & Dorn, 
1990; Miller et al., 1993; Reinsch & Dempfle, 1997; Sischo et al., 1990) 

                                                      
1 Costs of treatment were calculated per type of pathogen 
2 Includes body weight losses 
3 Includes costs of death and disposal 
4 Includes costs of veterinary services 
5 Includes costs of labour, body weight loss, veterinary services and death and disposal 
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A more recent study by van Soest et al. (2016) has analysed the average failure and 
preventive costs associated with mastitis. Failure costs can divided into direct and 
indirect costs. Direct costs included costs associated with treatment an indirect costs are 
associated with the consequences of mastitis, such as milk production losses. Preventive 
costs are associated with the prevention of mastitis. The average total costs of mastitis are 
€240 per lactating cow per year. However, the total costs variate between €120 and €438 
per cow per year, with a corresponding failure costs between €72 and €262 and 
preventive costs between €48 and €176 per lactating cow per year (figure 9). 
 

 
Figure 9 Average failure and preventive costs associated with masttis per herd (van Soest et al., 2016) 

Subclinical mastitis can be defined as cows with an increased SCC. Subclinical mastitis 
causes economic losses due to production losses. Cows with SCC below 50,000 cells/ml 
can be defined as normal, every doubling of the SCC above 50,000 cells/ml results in a 
milk production loss of 0.4 kg milk per day for primiparous cows and 0.6 kg milk per day 
for multiparous cows (Huijps et al., 2008). The costs of production losses, caused by 
subclinical mastitis, is €0.12 per kg in the default situation. These cost consist of the 
marginal costs of feed, manure, water, bedding material, health and breeding costs 
(Huijps & Hogeveen, 2007; Lam et al., 2013).  
 

2.3 Somatic cell count trend 
In the 1960s, bulk milk somatic cell count (BMSCC) was introduced as a milk quality 
parameter. At the start of its use as a regulatory parameter in 1971, the average BMSC in 
the Netherlands was 560,000 cells/ml. The BMSCC gradually decreased in the subsequent 
years, mainly caused by the introduction of a penalty system (Nightingale et al., 2008). 
Also the 5-point contagious mastitis prevention and control program was introduced, to 
help farmers meeting the new challenges they were facing (Neave et al., 1969). The 
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average Dutch BMSCC decreased after the introductions and stabilized at approximately 
220,000 cells/ml in the first 10 years of this century (figure 10) (Sampimon, 2009). 
 

                
 
Season has a significant effect on the average BMSCC, whereby the summer does increase 
the average BMSCC (Riekerink et al., 2007). Figure 11 are the results of a study, done by 
Lam et al. (2011), which shows the effect when focussing on SCC and (sub)clinical mastitis 
in three different study groups (● = participating, ▲ = not participating, ∎ = control 
group). Moreover, the study did show the monthly effect on BMSCC, causing an increase 
during the summer months and a lower SCC during the winter months.  
 

 
Figure 12 Average SCC from 2014 to 2017 in the Netherlands (Zuivel NL, 2018) 

More recent data from Zuivel NL (2018) shows the average SCC from 2010 until 2017. As 
shown in figure 12, the average SCC decreased from approximately 210,000 cells/ml in 
2010 to approximately 175,000 cells/ml in 2017. Also the percentage of milk deliveries 
with a SCC above 400,000 cells/ml decreased during the period, from 1.5% in 2010 till 
0.4% in 2017. Notable is the equal decrease between the SCC and the percentage above 
400,000 cells/ml. 
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Figure 10 Average BMSCC from 1970 to 2008 in the 
Netherlands (Sampimon, 2009) 

Figure 11 Monthly BMSCC from March 2004 to 
March 2006 in the Netherlands (Lam et al., 2011) 
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2.4 Conclusion 
Somatic cell count has an effect on different performance indicators of farms with AM-
systems. During the last years, the average SCC in the Netherlands has decreased to 
approximately 175,000 cells/ml with only 0.4% of all cows above 400,000 cells/ml. 
However, the exponential growth of AM-systems have led to an discussion about the SCC. 
The relation between milk quality, animal welfare and SCC show the importance of SCC 
within AM-systems. Even though SCC has an positive correlation with several milk quality 
aspects, such as total solids, milk fat and protein, SCC does decrease the total milk yield. 
The relation between animal welfare and SCC is not directly feasible, indirect relations 
through indicators as cleanliness of the legs or udders are important to indicate the 
animal welfare. Farms with AM-systems have comparable risk factors for animal welfare 
as farms with CM-systems, however missed attachment or cow hygiene are more 
important within AM-systems.  
 Somatic cell count does not only affect the parameters but also the economic 
performance on a farm. The average total costs of mastitis, failure and preventive costs, 
are €240 per lactating cow per year, which mostly results from the failure costs. For cows 
with a high SCC, the economic losses are caused by production losses and variate between 
primiparous (0.4 kg milk per day) and multiparous (0.6 kg milk per day) cows.  
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3 Materials and methods 
Data management and methodology are part of the overall effort to design or analyse a 
study. Several steps need to be taken into account, such as formulating the problem, 
collecting data, constructing a computer program which need to be verified and analysing 
output data (Law, 2015).  

In this paragraph, the data management and methodology will be explained. The data 
management is focused on changing the data, obtained from CRV Holding BV, to 
analysable data. Thereafter, the methodology to answer the fourth and fifth sub-
questions, what are the changes on SCC after introducing AM-systems and what are the 
economic consequences of SCC on a Dutch dairy farm, will be described.  
 

3.1 Data management 
Data from around 16,000 Dutch dairy farms from 2007 until December 2017 were 
available, received from CRV Holding BV. The data consists of test-day milk records and 
contained information on cow (cow number, herd identification number (UBN), milk 
production, SCC, date of calving and date of test day) and farm level (herd identification 
number (UBN), 305-day production, net income, date of test day and if the farm uses AM-
systems). The data was used to obtain an analysable dataset with information on farm 
level (herd identification number (UBN), date of test day, net income, 305-day production, 
if the farm uses AM-systems, milk total on test-day, BMSCC, total amount of cows, amount 
of high SCC and new high SCC) where the transition from CM-system to AM-system is the 
key variable . The key variable is gained by analysing the difference between MPR data. If 
the farm did not use AM-systems during the previous test date and did use a AM-system 
during the current test date, it was indicated as the transition. Figure 13 is the used 
framework to create the dataset. Several steps had to be taken into account to create the 
dataset. The coding which are used are shown in appendix I-IV. 
 

 

Figure 13 Data framework 
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Deviating values in a dataset can cause poor results. Missing values is a common problem 
in analysis and the removal of the complete observation ensures a correct dataset (Acuna 
& Rodriguez, 2004). Also, the observations within the sixth milking after calving show 
insignificant values which can influence the results and were therefore deleted within the 
dataset (Barkema, Deluyker, et al., 1999).  
 
The primary outcome of this study was the change of BMSCC after the transition to AM-
systems. To calculate the BMSCC, the following code was used (i = cow, j = test-day 
record): 
 

𝐵𝑀𝑆𝐶𝐶𝑗 =  
𝑚𝑖𝑙𝑘𝑖𝑗 ∗ 𝑆𝐶𝐶𝑖𝑗

𝑚𝑖𝑙𝑘 𝑡𝑜𝑡𝑎𝑙𝑗
 

 
Also the amount of cows with an high SCC or new high SCC is important within this study. 
Herd level prevalence of SCM was defined as the proportion of cows having a composite 
SCC above 200,000 cells/ml (Lam et al., 2013; Van den Borne et al., 2011). If the SCC was 
less than 200,000 cells/ml during the previous test date and above 200,000 cells/ml during 
the current test date, it was indicated as a cow with a new high SCC. 
 

3.2 Methodology 
The methodology consists of two parts; data analysis and normative economic modelling. 
Within this study, the focus is on the change of the BMSCC when introducing AM-systems. 
 

3.2.1 Data analysis 
The effect before and after introducing AM-systems will be analysed with Multivariable 
Population-Averaged Generalized Estimating Equations (PA-GEE) models. The natural 
logarithm of the BMSCC and the 305-day production are normally distributed, and 
therefore a GEE analysis with a Gaussian distribution and a link function were used. To 
select the best working correlation structure among competing structures, the quasi-
likelihood under the independence model criterion (QIC) was used, resulting in the 
autoregressive correlation structure to be used for all models. The autoregressive 
correlation structure estimates the general trend of correlations decreasing with length 
of time interval (Littell et al., 2000). To analyse the effect of transitioning from CM-
systems to AM-systems on the proportion of cows with high SCC or new high SCC, also a 
GEE model was used. Instead of using a Gaussian distribution, the negative binomial 
distribution was used with identity log function and autoregressive correlation structure. 
The number of cows with a high SCC, or a new high SCC, were modelled; the natural 
logarithm of the total number of cows at each test day was used as the offset.  
 
Within all models, the effect over year and months before or after the transition were 
analysed. All effects have been corrected per year to be able to quantify over the years. 
This allows estimation of effects for each year after transition and shows whether it 
causes a gradual response over years or an immediate effect directly after transition 
(Mundlak, 1961). To correct for seasonality of the BMSCC, cows with high SCC and new 
high SCC, a combination of a sine-cosine function was used (Lam et al., 2013). 
 A new variable was established, dif, to ensure that the effect from 12 months before 
the transition to 12 months after the transition could be analysed. The following model 
was built for each outcome variable: 
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𝑌𝑖 = 𝛼 + 𝛽𝑦𝑒𝑎𝑟 + 𝛽𝑑𝑖𝑓 + 𝛽 cos (2 ∗
𝑚

12
) + 𝛽 sin (2 ∗

𝑚

12
) + 𝜀𝑖  

 
where Y =  the outcome variable at test day i, α = intercept, year = the year of the test, dif 
= the month before or after the transition to AM-system, β = estimated regression 
parameter, m = month of MPR recording (1 to 12) and εi = residual error term.  
 
Census data is modelled which causes less valuable statistics because of the large size of 
the dataset. Therefore, only associations which are significant and considered to be 
biologically relevant are important within this study. In a separate analysis, the 
interaction term between year and dif was added to the model to evaluate the changes in 
dif over years for each outcome variable.  
 

3.2.2 Normative economic modelling 
The normative economic modelling focused on the economic losses caused by subclinical 
mastitis and clinical mastitis. The total costs of mastitis is the sum of failure costs and 
preventive costs. Failure costs are related to treatment or consequences from mastitis, 
such as production losses, while preventive costs are related to the prevention of mastitis. 
Within this study the focus will be on the costs of treatment and consequences from 
mastitis. Costs related to treatment are veterinary visits and medication. Costs related to 
the consequences are milk production losses or culling.  

Subclinical mastitis, defined as cows with an increased SCC, causes milk 
production losses when SCC is higher than 50,000 cells/ml. To calculate these, a log-linear 
relationship between SCC and milk production losses per month was modelled as follows 
(Halasa et al., 2009): 
 

𝑌 =  (∑ −1 ∗ (0.72 + ln[𝑆𝐶𝐶𝑗] ∗ 0.22) + ∑ −1 ∗ (1.90 + ln[𝑆𝐶𝐶𝑘] ∗ −0.47)

𝐾

𝑘=1

𝐽

𝑗=1

) ∗ 30.4 

SCC ≥ 50 
 
Where Y is the reduction in daily yield on farm level as a result of the SCC, j represents 
primiparous cows and k represents multiparous cows. To calculate the milk production 
losses per month, the outcome is multiplied with 30.4.  

 
Clinical mastitis cases (CM) are linked to individual dairy cows, however CM is not 
correlated with BMSCC (Barkema et al., 1998). Since the dataset did not have any data on 
clinical mastitis, it was assumed that the clinical mastitis incidence rate would be 1.5% in 
cows with SCC <200,000 cells/ml and 5.5% for cows with SCC ≥200,000 cells/ml (Van den 
Borne et al., 2011).  
 The failure costs of clinical mastitis consisted of treatment, veterinary visits, 
culling and labour. The assumptions used within this study, table 2, are based on the 
calculations from van Soest et al. (2016). It was assumed that 80% of the clinical mastitis 
cases were treated with antibiotics by the farmer, 5% was visited by the veterinarian and 
antibiotics were used and in 15% of the cases the cow was culled, without the use of 
antibiotics. The costs of antibiotics was assumed to be €22 per case and the cost of a culled 
cow €480. The labour costs were assumed to be the price of hired labour, €20/h and the 
wage per visit of the veterinarian was assumed to be €22. It was assumed that the farmer 
was needed for all three treatments; antibiotics (45 minutes), veterinary visits (45 
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minutes) and culling (15 minutes). The following model equations were used to calculate 
the failure costs of clinical mastitis: 
 

𝐴𝑛𝑡𝑖𝑏𝑖𝑜𝑡𝑖𝑐𝑠 (𝐴) =   𝐶𝑀 ∗ 80% ∗ (€22 + 45
60⁄ ∗ €20) 

𝑉𝑒𝑡𝑒𝑟𝑖𝑛𝑎𝑟𝑦 𝑣𝑖𝑠𝑖𝑡𝑠 (𝑉) =  𝐶𝑀 ∗ 5% ∗ (€22 + €22 + 45
60⁄ ∗ €20) 

𝐶𝑢𝑙𝑙𝑖𝑛𝑔 (𝐶) =    𝐶𝑀 ∗ 15% ∗ (€480 + 15
60⁄ ∗ €20) 

 
Table 2 Overview of assumptions to estimate failure costs (Van Asseldonk et al., 2010; van Soest et al., 2016) 

Assumption Value 
Market and price assumptions  

Cost of production losses subclinical mastitis (€/kg of milk)  0.12 
Cost of antibiotics for treatment (€/case) 22 
Cost of veterinary visits (€/visit) 22 
Cost of labour (€/hour) 20 
Cost of culled cow (€/cow) 480 

Other assumptions  
Labour for treatment of clinical mastitis (minutes/case) 45 
Antibiotic uses (% per cases) 80 
Veterinary visits (% of cases) 5 
Culling (% of clinical mastitis) 15 

 
The cost of milk production losses were assumed to be €0.12/kg milk (Huijps et al., 2008). 
These costs consist of the marginal costs of feed, manure, water, bedding material, health 
and breeding costs and corrected for additional revenues. To calculate the total economic 
losses per cow per month, the following model equation was used: 
 
𝑇𝑜𝑡𝑎𝑙 𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑙𝑜𝑠𝑠𝑒𝑠 = (𝑌 ∗ €0.12 + 𝐴 + 𝑉 + 𝐶) 𝐼⁄  
 
where Y is the reduction in daily yield, A is the costs of antibiotics, V is the veterinary visits 
costs, C is the culling costs and I are all cows per farm.  
 
The effect before and after the transition were analysed with a PA-GEE mode. The 
economic losses were normally distributed and therefore a GEE analysis with a Gaussian 
distribution, a link function and the autoregressive correlation structure was used. Within 
the model, the effect over year and months before or after the transition were analysed. 
All effects have been corrected per year to be able to quantify over the years. Also the new 
variable, dif, was used to ensure that the effect from 12 months before the transition to 
12 months after the transition could be analysed. In a separate analysis, the interaction 
term between year and dif was added to the model to evaluate the changes in dif over 
years for each outcome variable. The following model was built for the outcome variable: 
 

𝑌𝑖 = 𝛼 + 𝛽𝑦𝑒𝑎𝑟 + 𝛽𝑑𝑖𝑓 + 𝛽 (2 ∗
𝑚

12
) + 𝛽 (2 ∗

𝑚

12
) + 𝜀𝑖 

 
where Y = the outcome variable at test day i, α = intercept, year = the year of the test, dif 
= the month before or after the transition to AM-system, β = estimated regression 
parameter, m = month of MPR recording (1 to 12) and εi = residual error term.   
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Figure 16 Average proportion (%) of cows with high SCC and 
new high SCC of all Dutch dairy farms 

4 Results 
The results of this study are based on the methodology and dataset received from CRV. 
The primary outcome of this study is the change of SCC during the transition to AM-
systems. The change in production, cows with high SCC and new high SCC were secondary 
outcomes. Also the economic consequences of SCC when the transition to AM-systems is 
realised are given.  
 In this chapter several results are shown. First of all the descriptive statistics which 
gives an indication of the input within the dataset and the overall BMSCC. Thereafter the 
change in BMSCC and 305-day production during the transition to AM-systems are given. 
The proportion of cows with high SCC and new high SCC after transition are also 
described. Finally, the economic consequences of SCC are shown.  
 

4.1 Descriptive statistics 
The descriptive statistics of all dairy farms included in this study are presented in table 3. 
The table is divided into several years and for each year divided into farms with CM-
systems and AM-systems. The division was made over all years, farms who transitioned 
later are categorised as a farm with a AM-system. The average herd size increased for both 
groups, ranging from 58 to 83 cows and 69 to 93 cows. The average 305-day production 
of all farms is illustrated in figure 14, the 305-day production of farms with AM-systems 
was 5%-8% higher than the 305-day production of farms with CM-systems (Table 3). The 
descriptive statistics show that the BMSCC of farms with AM-systems was approximately 
2% lower than the BMSCC of farms with CM-systems, mostly related to the high maximum 
of CM-systems. The average BMSCC of all farms (figure 15) confirms the seasonality and 
downward trend which were concluded from the literature research. Notable is the 
similar proportion of cows with high SCC and new high SCC between both systems (Table 
3), the national average of both indicators is shown in figure 16.  
 

           
 
 
 
 
 
  

Figure 14 Average 305-day production of all Dutch 
dairy farms 

Figure 15 Average BMSCC (* 1,000 cells/ml) of all Dutch 
dairy farms 
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Table 3 Descriptive statistics of the dataset 

 2007 

 Farms with CM-systems Farms with AM-systems 

Total farms 13,648 3,818 

Farms transited to 
AM-systems 

238 

 Mean Min Max Mean Min Max 
Herd 58 1 1,140 69 2 497 
305-day production 8,324 1,835 20,670 8,753 3,772 13,044 

BMSCC(* 1,000 
cells/ml) 

232 11 6,186 225 29 1,424 

Cows with high SCC 
(%) 

27 0 100 25 0 87 

New high SCC (%) 8 0 100 8 0 48 
 

 2012 

 Farms with CM-systems Farms with AM-systems 

Total farms 12,609 3,911 

Farms transited to 
AM-systems 

386 

 Mean Min Max Mean Min Max 
Herd 68 1 1,154 78 2 502 
305-day production 8,313 290 27,366 8,829 2,040 12,702 

BMSCC(* 1,000 
cells/ml) 

194 3.5 9,999 192 24 981 

Cows with high SCC 
(%) 

22 0 100 22 0 98 

New high SCC (%) 8 0 100 9 0 85 
 

 2017 

 Farms with CM-systems Farms with AM-systems 

Total farms 11,729 3,895 

Farms transited to 
AM-systems 

186 

 Mean Min Max Mean Min Max 
Herd 83 1 1,696 93 1 578 
305-day production 8,517 2,434 14,109 9,199 1,964 13,732 

BMSCC (* 1,000 
cells/ml) 

178 12 5,069 177 17 1,625 

Cows with high SCC 
(%) 

18 0 100 18 0 100 

New high SCC (%) 7 0 100 8 0 53 
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4.2 BMSCC and 305-day production 
The BMSCC of farms with AM-systems showed a significant and relevant difference 
compared to the farms with CM-systems, as shown in table 4. During and after the 
transition, the BMSCC increased. Over the years, there was a decreasing trend in BMSCC.  

The average BMSCC of farms with AM-systems increased after the transition, 
figure 17. However, the BMSCC-increase in the first month after transition became less 
over the years with an increase of 20,000 cells/ml in 2007 and 2,000 cells/ml in 2017 
relative to the farms with CM-systems in the corresponding year. The results before the 
transition did not show a difference between 2007 and 2017. In the months after the 
transition, BMSCC decreased to the same level as the CM-systems. However, it did not 
return to the same level as before the transition.  
   

 
Figure 17 BMSCC (* 1,000 cells/ml) 12 months before and 12 months after transition to a AM-system in relation to 
farms with a CM-system (dotted line).  

The average 305-day production of farms with AM-systems showed a significant 
difference compared to farms with CM-systems, as shown in table 4. The first month after 
the transition did show an increase, which slightly increased to one year after the 
transition. Over the years, the 305-day production also increased.  

The average 305-day production of farms with AM-systems was higher before and 
after transition compared to farms with CM-systems. However, the 305-day production 
increased after the transition. Most interesting is 2017; the difference between the 305-
day production 12 months before and 12 months after transition increased with 87.5%. 
 

 
Figure 18 305-day production 12 months before and 12 months after transition to a AM-system in relation to farms 
with a CM-system (dotted line). 
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4.3 High SCC and new high SCC 
The average prevalence of cows with high SCC increased after transition, as shown in table 
4. Over time it did not decrease, but it did stagnate. Over the years the amount of cows 
with high SCC also decreased.  

The transition to AM-systems had an effect on the prevalence of cows with high 
SCC, figure 19. Over the years the amount of cows with high SCC decreased but it never 
returned to the same level before the transition.  
 

  
Figure 19 Cows with high SCC (>200,000 cells/ml) 12 months before and 12 months after transition to a AM-system in 
relation to farms with a CM-system (dotted line). 

The transition to AM-systems also had an effect on cows with new high SCC, table 4. A 
large increase occurred during the first months after transition which slightly decreased 
in the months following. However, over time it did not decreases to the same level as 
before the transition. Over the years, the average proportion of cows with new high SCC 
reduced.  

The transition had led to a large increase in the first months after the transition, 
figure 20. Over the years, the increase became smaller but even after 12 months the 
amount of cows with a new high SCC stays higher compared to the CM-systems.  
 

 
Figure 20 Cows with new high SCC (>200,000 cells/ml) 12 months before and 12 months after transition to a AM-
system in relation to farms with a CM-system (dotted line). 
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4.4 Economic losses  
In this section, the difference of the total economic losses per month per cow before and 
after transition are given. The economic losses of farms which made a transition to a AM-
system does increase in the first months, table 4. However, after a few months the 
economic losses stagnates. Over the years, the economic losses per cow per month 
decreased. 

The interaction term of months before and after transition and years is illustrated 
in figure 21. The economic losses of farms with AM-systems before the transition were 
lower compared to farms with CM-systems. However, the transition had impact 
wherefore the economic losses increased. The economic losses mostly stagnated and 
became similar to the economic losses of farms with CM-systems. However, the economic 
losses did not decrease to the same level as before the transition. Between the years, the 
economic losses after transition did decrease.  
 

 
Figure 21 Economic losses due to SCC, euros per cow per month, 12 months before and 12 months after transition to a 
AM-system in relation to farms with a CM-system (dotted line). 
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Table 4 Model estimates 12 months before and after transition and all years for BMSCC, 305-day production, cows with high SCC and new high SCC and the economic difference. 

  BMSCC 305-day production Cows with high SCC New high SCC Economic difference 

Parameter Category Coefficient P-value Coefficient P-value IRR P-value IRR P-value Coefficient P-value 

Months before and 
after transition to 
AM-system.  
The CM-systems 
were used as 
reference category. 

-12 -.0632025 0.000 507.7465 0.000 .916165 0.000 .942893 0.000 -.1780517 0.000 
-11 -.0572031 0.000 515.4275 0.000 .9215754 0.000 .947394 0.000 -.1698314 0.000 
-10 -.0506581 0.000 522.2012 0.000 .9171679 0.000 .9384525 0.000 -.1706486 0.000 
-9 -.0528418 0.000 522.7987 0.000 .9175387 0.000 .9444386 0.000 -.1680556 0.000 
-8 -.0608042 0.000 529.6134 0.000 .9086759 0.000 .9409588 0.000 -.1773494 0.000 
-7 -.0571213 0.000 532.7006 0.000 .9127561 0.000 .9477953 0.000 -.1704971 0.000 
-6 -.0530097 0.000 535.1962 0.000 .907809 0.000 .9308499 0.000 -.1796851 0.000 
-5 -.0472573 0.000 539.4254 0.000 .9154675 0.000 .9425246 0.000 -.1678282 0.000 
-4 -.0676179 0.000 535.2554 0.000 .9072948 0.000 .947287 0.000 -.1857478 0.000 
-3 -.0597709 0.000 534.111 0.000 .9136801 0.000 .9600482 0.000 -.176703 0.000 
-2 -.0626124 0.000 526.066 0.000 .9150422 0.000 .9756607 0.042 -.1795976 0.000 
-1 -.0663465 0.000 511.4715 0.000 .9051166 0.000 .9257969 0.000 -.1957933 0.000 
0 .0690907 0.000 512.6487 0.000 1.021383 0.017 1.427199 0.000 .0267625 0.137 
1 .0795237 0.000 537.9799 0.000 1.026934 0.002 1.264356 0.000 .0360153 0.038 
2 .0911557 0.000 540.6813 0.000 1.032909 0.000 1.275252 0.000 .0518546 0.004 
3 .0782141 0.000 547.6452 0.000 1.026892 0.001 1.22073 0.000 .0477654 0.005 
4 .0801051 0.000 557.4345 0.000 1.032261 0.000 1.225883 0.000 .0569875 0.000 
5 .0810584 0.000 567.3259 0.000 1.026864 0.002 1.194613 0.000 .0526476 0.002 
6 .0755417 0.000 591.364 0.000 1.023013 0.006 1.179518 0.000 .0401605 0.013 
7 .0761006 0.000 612.7284 0.000 1.023134 0.006 1.185972 0.000 .0420425 0.009 
8 .072857 0.000 630.8055 0.000 1.032105 0.000 1.200105 0.000 .0511385 0.001 
9 .0665265 0.000 646.439 0.000 1.021784 0.010 1.174958 0.000 .0318326 0.044 
10 .0596769 0.000 667.2039 0.000 1.024082 0.003 1.173326 0.000 .0317284 0.037 
11 .0486291 0.000 685.0105 0.000 1.008599 0.293 1.153402 0.000 .003878 0.793 
12 .0207059 0.001 704.894 0.000 .9987706 0.839 1.155072 0.000 -.0220661 0.042 

Years.  
2017 was used as 
reference category. 

2007 .2691956 0.000 -241.623 0.000 1.44138 0.000 1.098234 0.000 .6738052 0.000 
2008 .2509324 0.000 -211.974 0.000 1.400846 0.000 1.217101 0.000 .6184845 0.000 
2009 .2172758 0.000 -193.0984 0.000 1.341153 0.000 1.169319 0.000 .533675 0.000 
2010 .2055201 0.000 -185.0406 0.000 1.320625 0.000 1.178699 0.000 .5055473 0.000 
2011 .144834 0.000 -150.8411 0.000 1.264505 0.000 1.130844 0.000 .4162307 0.000 
2012 .0914713 0.000 -121.8483 0.000 1.207604 0.000 1.112669 0.000 .3344965 0.000 
2013 .0903258 0.000 -108.191 0.000 1.185311 0.000 1.097063 0.000 .3000913 0.000 
2014 .100236 0.000 -59.97456 0.000 1.145858 0.000 1.101686 0.000 .2340572 0.000 
2015 .0557502 0.000 -69.4895 0.000 1.086024 0.000 1.042498 0.000 .1389439 0.000 
2016 .0405169 0.000 -35.7682 0.000 1.054828 0.000 1.048394 0.000 .084941 0.000 
2017 Reference Reference Reference Reference Reference Reference Reference Reference Reference Reference 

Sines  .0770136 0.000 - - 1.09445 0.000 1.168866 0.000 - - 
Cosines  .161202 0.000 - - 1.199419 0.000 1.584973 0.000 - - 
Constant  4.914415 0.000 8444.031 0.000 .153857 0.000 .0474194 0.000 3.23645 0.000 
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5 Discussion 
The current research is both descriptive and quantitative in nature and gives 
retrospective insight into the change in SCC after the transition from CM-systems to AM-
systems. The literature provides information about the current research results and 
contributes as input to analyse the data. The results of this study contribute to further 
research on the effect of robotic milking on SCC. However, limitations can occur which 
have effect on the results. Therefore this chapter provides comments on the results. 
 The results of this research are based on a combination of literature research and 
quantitative data analysis with an extensive data set. The used data is obtained from CRV 
Holding BV and consist of census data of all Dutch dairy farms. Given its large sample size 
even small differences become quickly significant but not all results are therefore relevant 
wherefore the study was focused on specific years. 
 

Results 
The focus of this research was to analyse the (economic) consequences of SCC after the 
transition to AM-systems. The overall BMSCC in the Netherlands decreased in the last few 
years to approximately 175,000 cells/ml in 2017. However, several studies have indicated 
an increase of the BMSCC after the transition to AM-systems and concerns about it have 
been raised (Klungel et al., 2000; Kruip et al., 2002). Both transition to AM-systems and 
seasonality have an effect on the SCC (Castro et al., 2018; Riekerink et al., 2007). This study 
confirmed this. However it was shown that the BMSCC became less several months after 
the transition and the results showed improvement over the years. The effect on BMSCC 
of farms which transited in 2017 were less than farms which transited in 2007. The 
research by Castro et al. (2018) has shown the same effect but also indicates that after 
three years the SCC improves due to gaining experience, improvement in management 
and the adaptation of the cows. However, the data from Castro et al. (2018) consists only 
of 13 farms with 15 AM-systems. The current research consists of all data from the 
Netherlands whereby the farms with CM-systems are used as a baseline to compare all 
observations of herds with AM-systems to, however only 1 year after transition was 
researched.   
 Although cows with a higher milking frequency tend to have lower SCC and AM-
systems ensure an increase in milking frequency (Helmreich et al., 2016), this research 
showed a direct SCC increase after transition to an AM-system. The variation of milking 
interval could be part of the increase in SCC (Hogeveen et al., 2001), but also stress and 
adaptation to the new system can have an impact on udder health and therefore on SCC.  
 
The increase in milk yield is commonly mentioned when introducing AM-systems. Milking 
frequency has an impact on the milk yield, a milking frequency of 2 or lower can lead to a 
non-increase in milk yield (Penry et al., 2018). On the other hand, an increase in milk 
frequency can lead to an increase in milk production from 10% to 15% (Hansen, 2015; 
Österman & Bertilsson, 2003). The results of this research are comparable with the results 
of the studies of Österman & Bertilsson (2003), Hansen (2015) and Penry et al. (2018). 
An increase of the 305-day production after the transition was shown, however the 305-
day production of those farms compared to the baseline farms were already higher before 
the transition. 
 
Economic losses due to SCC are related to the costs of mastitis and mastitis prevention. 
Failure costs, treatment of mastitis and costs associated with the consequences of 
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mastitis, and preventive costs, costs due to the prevention of mastitis, are the cost related 
factors due to mastitis (van Soest et al., 2016). To compare the costs of mastitis between 
CM-systems and AM-systems, only the failure costs are taken into account because the 
preventive costs of CM-systems and AM-systems are too different and no data of the 
preventive costs were available. The failure costs vary between €72 and €262 per cow 
per year (van Soest et al., 2016). The costs of subclinical mastitis are caused by production 
losses. Cows with SCC above 50,000 cells/ml result in a production loss of 0.4 kg milk per 
day (Huijps et al., 2008). The costs due to subclinical mastitis were analysed on individual 
cow level and the costs due to clinical mastitis were based on the incidence rate at the 
farm level. Assumptions generated from several other studies indicates the costs per 
factor. The results show an increase in economic losses per cow per month after the 
transition. However, after a few months the average economic losses per cow decreased 
to the same level as the economic losses of farms with CM-systems.  
 

Limitations 
A limitation of this research can be the chosen length of time. Within the data analysis, 12 
months before and 12 months after the transition are used. However, within the results, 
the difference after a few years is not taken into account. It could be possible that due to 
gaining experience, adaptation of the cows and improvement in management the 
parameters decrease to the same level as before the transition. A limitation for the 
analysis of high SCC and new high SCC can be the value of SCC. Within this study a SCC 
above 200,000 cells/ml is indicated as a cow with high SCC. However, in the Netherlands 
the value is different. For primiparous cows the limit is 150,000 cells/ml and for 
multiparous cows 250,000 cells/ml (Jansen & van den Borne, 2008). During the analysis 
of the economic losses several assumptions are made but some assumptions are from 
studies older than 5 years which can lead to outdated data. However, it did not have an 
effect on the difference on economic consequences between CM-systems and AM-
systems. It can only effect the actual costs which are currently applicable. 
 
Another limitation of this research is the dataset. Although the dataset includes all data of 
all farmers in the Netherlands, it has a negative impact on the data analysis. The data set 
consists of 1.8 million observations, each with more than 10 variables. As a result, it was 
not possible to run certain models. 
 

Further research 
Further research on SCC within automatic milking systems could focus on different 
elements. In the future it is possible to perform the same analysis with new data, this leads 
to better insight into the present. With the current data it is possible to make a division 
between different groups. Several examples are; a dividing of herd size, a dividing of SCC 
groups before transition or a dividing of brand. 
 Further research on the economic consequences caused by SCC within AM-
systems could be a more in-depth analysis. With the use of interviews or data from 
accountancy firms, it is possible to analyse all economic consequences before and after 
the transition.  
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6 Conclusion 
The transition from a CM-system to a AM-system has an effect on different SCC 
performance indicators. The BMSCC increases directly after the transition although it 
became less several months after the transition. After 12 months the BMSCC is almost 
equal as the CM-systems, however it does not decrease to the same level as before the 
transition. Over the years, the increase in BMSCC after transition became less strong. 
From 20,000 cells/ml in 2007 till 2,000 cells/ml in 2017. Those results indicate that the 
increase of BMSCC does not have a high impact on the overall performance of Dutch dairy 
farms. The 305-day production showed also an increase after the transition, but was 
already higher before the transition compared to herds with CM-systems. The transition 
from CM-systems to AM-systems had also an impact on the cows with high SCC and a large 
impact on cows with new high SCC. After the transition both indicators increased; 
thereafter it slightly decreased to the same level as farms with CM-systems. However, the 
prevalence of cows with new high SCC did not return to the same level as before the 
transition. The economic losses per cow per month of farms which made a transition to 
AM-systems are lower before the transition. After the transition, the economic losses 
directly increases but stagnated at the same level as farms with CM-systems.  
 
Although all SCC indicators; BMSCC, high SCC and new high SCC, showed an increase 
directly after the transition, it does not have a negative impact on the performance of the 
dairy farms. The 305-day production increased, which has a positive impact on the 
performance and the economic performance due to impaired udder health only increased 
slightly.  
 Farmers who are considering switching should take into account a possible 
increase in the BMSCC and cows with high SCC. The AM-system supplier can advise prior 
to the transition to make improvement in the BMSCC and to reduce the number of cows 
with an increased SCC. However, gaining experience, improvement in management and 
the adaptation of the cows has a positive impact after several years of AM-system usage.  
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