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ABSTRACT 

 

 

IMPEDIMENTS TO ADOPTION OF RECOMMENDED MILKING PRACTICES 

BY CANADIAN DAIRY FARMERS 

 

 

Emilie Belage        Advisor: 
University of Guelph, 2016      Dr. David F. Kelton 
 

 

Objectives of this thesis were: (1) describe the consistency of producers with their 

milking routines, identify areas of higher variability, determine how well milking 

practices are being implemented; (2) describe the proportion of adoption of 

recommended milking practices (RMPs) across all Canadian provinces, and investigate 

differences across regions, milking systems, herd size and bulk tank SCC; (3) identify 

barriers and motivators for adoption of RMPs. 

Farm-to-farm differences and variations between cows during a specific milking 

accounted for the largest part of the variability observed. Most Canadian dairy farmers 

adopted RMPs, but some are not as extensively used as others. Adoption of practices was 

significantly associated with milking system, herd size, and region.  

Main barriers to adoption of RMPs included personal habits, not perceiving udder 

health as a priority, and lack of information/misinformation. Producers listed incentives 

for better milk quality as a motivator to implement RMPs and work on udder health.
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CHAPTER ONE: Udder Health On Canadian Dairy Farms And Milking 
Practices Associated With Increased Risk Of Mastitis – A Literature Review 
 

Economic Impact of Mastitis. 

Mastitis is defined as the inflammation of the mammary gland. Mastitis can 

present as clinical or subclinical. Subclinical mastitis is the presence of measurable 

inflammation, without apparent signs in the milk, udder or cow in general, and is 

asymptomatic. Subclinical cases can be detected by monitoring indicators of 

inflammation in the milk, which are positively correlated with the presence of infection. 

An example of these indicators is milk somatic cell count (SCC). Clinical mastitis is the 

inflammatory response of the mammary gland causing visibly abnormal milk, as well as 

local signs of redness, swelling and pain in the udder, and perhaps systemic signs of 

illness.  

Mastitis is one of the most costly diseases in the dairy industry, mostly due to loss 

of production and discarding of milk (Reneau and Packard, 1991), but also due to 

associated costs of treating infection, premature culling, and increased labour (Hogeveen 

et al, 2011). Much effort is focused on treatments, and these can quickly become 

expensive (Schepers and Dijkhuizen, 1991). Once clinical signs are obvious, the cow is 

already fighting the infection and loss of production has already occurred. With 

subclinical mastitis, not only is there a loss for the producer due to lower milk 

production, but also a decrease in milk quality due to the increased SCC in the milk (Ma 

et al, 2000). According to the Canadian Bovine Mastitis and Milk Quality Research 

Network (CBMQRN), the total cost of a clinical case of mastitis on a Canadian dairy 

farm is close to $345/case, including production losses, breeding performance decline, 
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milk withdrawal, cost of treatment, and cost of increased mortality. They estimated 

recoverable losses from intra-mammary infection (IMI) were $200 to $250 per cow per 

year (Carrier, 2009). High SCC counts also lead to significant economic losses, although 

they are much harder to quantify. Nonetheless, reduced milk production accounts for the 

majority of the total losses linked to mastitis. 

 

Current Udder Health Findings On Canadian Dairy Farms. 

There have been several studies investigating current the udder health profile in the 

Canadian dairy industry. These studies, however, were usually limited to certain regions: 

Van Dorp et al (1999) conducted a study in 32 herds in British Columbia and found a low 

incidence rate of clinical mastitis (IRCM) for this population of herds. Other studies 

conducted with Ontario herds found higher IRCMs (Sargeant et al., 1998; McLaren et al., 

2006). A more recent study by Olde Riekerink et al (2008), on the IRCM of 106 

Canadian dairy farms determined Ontario and Quebec were the provinces with the 

highest clinical mastitis rates. Western Canada had the lowest IRCM across the country. 

Region specific pathogen distributions were also reported in this study: Quebec and 

Ontario had the highest IRCM caused by Staphylococcus aureus and Streptococcus 

dysagalactiae, whereas provinces in western Canada had the lowest rates of S. aureus, 

Streptococcus uberis, and S. dysagalactiae (Olde Riekerink et al, 2008). Barn-type 

specific distributions were also observed: tie-stall barns had higher IRCM for S. aureus, 

S. uberis, and coagulase-negative Staphylococcus (CNS), meanwhile Klebsiella spp 

IRCM was higher in free-stall barns (Olde Riekerink et al, 2008). 
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Many management practices have a significant impact on udder health from dry cow 

management to type of housing, or season. All these have an impact on how milking 

practices affect mastitis development on farm. Variables related to housing range from 

type of bedding, presence of rubber mats, cleanliness, and even distance to parlour. Soft 

stall bases, like rubber mats have been shown to be a risk factor associated with presence 

of S. aureus in bulk tank milk (Olde Reikerink et al, 2010).  This could be due to the fact 

farms use mats/mattresses, or use sand or deep-bedded boxes. In the same study by Olde 

Riekerink (2010), presence of S. uberis was associated with type of stall base and barn 

type. Producers using straw as bedding material had a higher incidence risk of clinical 

mastitis than farms using sawdust or shavings. This demonstrates the importance of 

implementing pathogen-specific, as well as barn-specific, preventative measures for the 

control of mastitis in Canadian dairy herds. 

 

Importance Of Milking Practices With Regards To Udder Health. 

During a systematic review of the literature, Dufour et al (2011) found the number of 

published studies conducted at herd-level investigating the efficacy of practices 

recommended for mastitis control on SCC was rather scarce. The studies that were 

conducted about appropriate milking practices aimed to investigate how to reduce the 

incidence of clinical mastitis in dairy herds (Barkema et al, 1999; Chassagne et al, 2005; 

Dufour et al, 2012). Therefore, their effectiveness to reduce the SCC in herds was not 

always measured.  

Nevertheless, some of these milking practices have a bigger impact on the udder 

health profile than others. In 1999, a study by Barkema et al found that the incidence of 
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E. coli in farms was related to housing, hygiene, and machine milking. Likewise, the 

incidence of S. aureus was related to management practices that affected the bulk-milk 

somatic cell count (BMSCC), like the use of individual paper towels for drying udders, 

foremilk stripping, and post-milking teat disinfection. 

 Based on these findings, the National Mastitis Council published protocols, 

guidelines and procedures for recommended milking practices they deemed most 

effective for the prevention of mastitis and its control (NMC – Recommended Milking 

Procedures, 2013). The list is as follows: 

• Stripping foremilk and checking udder for signs of clinical mastitis 

• Washing teats with an udder wash solution or disinfecting teats pre-milking, using 

an effective disinfectant product 

• Drying teats completely with an individual towel 

• Attaching milking unit within 120 seconds after initiation of stimulation 

• Shutting off vacuum before removing unit 

• Disinfecting teats immediately after unit removal with an effective post-milking 

disinfectant product 

These practices are outlined in more detail below, as they are key elements of adequate 

milking hygiene and management. 

 

Premilking teat preparation: forestripping, udder cleanliness and drying teats. 

Premilking teat preparation is essential to decrease the number of bacteria present on the 

teat surface at the time of milking, to reduce the rates of IMI, and for overall milk quality 

(Pankey, 1989). Foremilk stripping is most important during milking preparation to 
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stimulate milk letdown and identify animals with clinical mastitis infections. Stimulation 

of the teats leads to the release of oxytocin, which results into expulsion of milk from the 

udder (Bruckmaier and Blum, 1996). This is important for complete milk-out as well as 

preventing teat damage and hyperkeratosis. There is some conflicting evidence regarding 

pre-disinfection as a possible method for mastitis prevention. Barnouin et al (2004) 

hypothesized that, when teat disinfection was not protective against IMI, it was not 

because of the ineffectiveness of the teat dip, but more due to insufficient teat-cup 

hygiene. This emphasizes the importance of not only implementing the practices, but also 

of their correct use. Pre-milking teat disinfection may be more successful at preventing 

infections from environmental pathogens, and in a study by Dufour et al (2012), it was 

also associated with lower prevalence and incidence of S. aureus (contagious mastitis). 

 The use of udder wash to clean teats prior to milking is also fairly prevalent 

amongst producers. However, its use without drying teats afterwards has been associated 

with a higher bacterial count (Elmoselmany et al, 2010). This is possibly due to not 

removing the water contaminated with bacteria before attaching the units, which can 

increase transmission of bacterial pathogens between cows. This highlights the 

importance of drying teats after disinfecting them and before unit attachment.  

Udder cleanliness is a key component of udder health. Cleaning udders and teat 

ends before the start of milking is vital to proper milking hygiene and milk quality. A 

good pre-milking teat preparation should include scrubbing off the teats and drying with 

a towel; this is an effective method to increase udder health and milk quality (Rasmussen 

et al, 1991). Studies have positively associated poor udder cleanliness scores with 

increased risk of mastitis infection (Renaud et al, 2005; Schreiner and Ruegg, 2003). 
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Elmoslemany et al (2010) found that proper cleaning and disinfection of teats with a pre-

milking teat dip combined with drying of the teats, had the greatest effect at reducing 

bacterial count in the milk. It is important to note the effect of drying teats was dependent 

on using a single cow towel and not sharing towels between different cows 

(Elmoslemany et al, 2010). Pre-milking teat preparation is only successful in preventing 

IMI when done properly, and if all the elements are used together to ensure proper teat 

hygiene. The effectiveness of the practices is diminished when one or more of the 

aforementioned practices are not utilized properly or at all. 

 

Post-milking practices. Vaccuum pressure and automatic take-offs play an 

important role in proper milkout and in teat health. Dufour et al (2011) found during their 

literature review that a properly adjusted milking unit, as well as using automatic take-

offs were essential practices during milking and had an impact on SCC. Cows were found 

to be at higher risk of developing IMI with poorly adjusted units that slipped towards the 

end of milking, or if the vacuum dropped (O'Callaghan and O'Brien, 1989). Over-milking 

also causes deterioration of teat-end integrity, which can have long-term consequences on 

udder health of older cows; studies suggest that over-milking should be minimized as 

much as possible to preserve teat-end health (Edwards et al, 2013). 

Post-milking teat disinfection (PMTD) is likely the most effective practice against 

development of mastitis and is widely implemented across Canada. During a systematic 

review of the effects of udder health management practices on SCC, Dufour et al (2011) 

found PMTD was well supported in the literature, as a practice that was highly associated 

with lower SCC. In a study by Williamson and Lacy-Hulbert (2013) in New Zealand 
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farms, they found the use of a post-milking teat disinfectant spray reduced the incidence 

of IMI by contagious and environmental pathogens, as well as reduced the bulk tank 

SCC. Similar findings were reported by Chassagne et al (2005), where herds that used a 

post-milking teat spray to disinfect had lower bulk milk SCC scores than herds that did 

not. Barkema et al (1999) showed that post-milking teat disinfection was the only 

variable that affected the incidence risk of clinical mastitis, when it interacted with bulk 

tank SCC. Herds with relatively low bulk tank SCC more frequently utilized post-milking 

teat disinfection, and also had more detailed and hygienic milking routines than herds 

with higher bulk tank SCC (Barkema et al, 1998). This shows the importance of having a 

proper protocol for post-milking teat disinfection on farm. Given the amount of evidence 

in the literature, one could argue this is one of the most important (if not the most 

important) practices in the milking hygiene routine.  

 

 Use of gloves, milker hygiene, and consistency of milking routines. Wearing 

gloves at the time of milking was consistently associated with lower SCC in herds 

(Hutton et al, 1990. Dufour et al, 2011). Gloves are useful to limit the spread of 

pathogens, notably S. aureus, between cows. However, for this practice to be effective, 

milkers should be keeping their gloves clean throughout the milking.  

A study by Köster et al (2006) found that consistency in the milking methods and 

routines varied substantially. Different farms implemented different practices, but there 

was also inconsistency when it came to implementing various practices. They found an 

association between attentiveness of people milking and SCC, during that particular 

month. Most farms sampled in the study practiced foremilk stripping and post-milking 
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teat disinfection. However, the consistency at which this practice was done varied 

between farms, and between people milking (Köster et al, 2006). The study also found 

that the people milking were not consistent at detecting cases of clinical mastitis in 32% 

of the herds in their study. Another variable with an impact on bulk tank SCC is the 

number of people milking in the herds, as well as how familiar the herdsman is with 

his/her cows. It seems that farms with less people involved in the milking process have 

lower bulk tank SCC than herds with more people milking, and this may be due to the 

familiarity and precision one person may have, as opposed to many people not being as 

familiar with the milking routine (Barnouin et al, 2004). Farmers that considered 

themselves “meticulous” and “tidy” had herds with lower bulk tank SCC (Barkema et al, 

1999; Barnouin et al, 2004). Herds with bulk tank SCC that could be considered 

“medium”, usually had milkers that were less skilled or less careful than herds with low 

bulk tank SCC (Chassagne et al, 2005). What the literature has not addressed so far is 

whether there is a difference in larger dairy farms versus smaller farms in milker skills, 

and attention to detail. Larger dairy farms more often than not have hired help, and would 

have training on Standard Operating Procedures; whereas, smaller farms are more likely 

to be run by families where the training is less formal. 

 

Adoption of Milking Practices in Canada. 

Most studies report associations between the absence and/or poor use of the above 

mentioned milking practices, and a higher IRCM or a high herd SCC. However, there are 

few to no reports on the percentage of adoption of various milking practices across 

Canada, or even at a provincial level. A study of Dutch dairy farms showed a significant 



 9 

proportion of dairy farms were not following the guidelines (Steeneveld et al, 2014). It is 

important to address this gap in knowledge in the Canadian dairy industry, and 

investigate what proportion of farms is not following the guidelines, as well as the 

reasons behind these findings. 

 In 2007, the Canadian Bovine Mastitis Research Network (CBMRN) enrolled a 

cohort of 90 dairy farms in the country to be part of the National Cohort of Dairy Farms 

(NCDF) (Reyher et al, 2011). As part of this study, extensive health management data 

were collected, including herd demographic data, details about management procedures, 

and overall cleanliness in herds. One of the questionnaires captured milking procedures 

and management, which made it possible to estimate the adoption proportions of several 

milking practices in these herds. Even though these herds were selected in four different 

Canadian provinces, one can argue they are not representative of the entire population of 

Canadian dairy farms. All farms enrolled in NCDF participated in milk recording, 

whereas 25% of Canadian dairies are not enrolled in any kind of milk recording. The 

farms willing to participate were selected to have a distributional SCC average as close to 

the national average as possible. However, the farms selected to participate had 

volunteered to do so, which could lead to some selection bias. Although the NCDF was 

selected to represent, as close as possible, the general population of Canadian dairies, 

they had some characteristics that could have introduced bias. Therefore, the adoption 

rates in the cohort cannot be generalized to the entire Canadian dairy farm population. 

To address this gap in our knowledge base, one needs to be aware of how 

producer psychology and attitudes or perceptions can influence the decision-making 

process on farm. It is necessary to rely on more than the passive distribution of 
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information to producers, to ensure the implementation of the best practices relating to 

udder health. 

 

Producer Psychology and Behavioural Change: Attitudes, Motivations, Perceived 

Barriers and Udder Health Knowledge In Dairy Farmers. 

Despite having a large body of research showing the benefits of implementing certain 

milking practices on farm to prevent mastitis infections and high SCCs in herds, 

researchers are now more aware that the successful implementation of various practices 

has an important human component. To understand how a person evaluates the benefits 

of changing certain behaviours, one must look at the different theories of behaviour 

change to fully grasp the phenomenon. 

 

Theories of behavioural change. Several theories suggest behaviour is mediated by 

cognitions. Knowledge is necessary, yet not sufficient, to produce behaviour change. 

Perceptions, motivations, skills and social environment are key influences on behaviour 

(NIH, 2005). 

Two theories of behaviour change can be used to explain why dairy producers are not 

adopting, or fully adopting, appropriate milking management measures to prevent 

mastitis: the Health Belief Model (HBM), and the Theory of Planned Behaviour (TPB). 

Both of these theories have been used in Public Health to investigate what influences the 

attitudes and perceptions of certain populations towards given behaviours (Carpenter et 

al, 2002; Nejad et al, 2005). 

Theory of Planned Behaviour 
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The Theory of Planned Behaviour “examines the relations between an 

individual’s beliefs, attitudes, intentions, behaviour, and perceived control over that 

behaviour” (NIH, 2005). According to Azjen (1991), the decision to change certain 

behaviours is not just controlled by a person’s beliefs, but in part by the perceived 

consequences of the change of behaviour or lack thereof (positive or negative 

consequences), as well as by subjective norms (e.g. what society will perceive as 

acceptable or unacceptable). The first two factors determine the attitude of a person 

towards the particular behaviour.  

A third component of behavioural change is the perceived control someone has over the 

behaviour itself: it is constituted of a person’s belief of the control they have, as well as 

the perceived power of that person to change. These two components create what is 

referred to as “perceived behavioural control” (Azjen, 1991). 

Behavioural intention, therefore, comprises all three factors: attitude towards the 

behaviour, subjective norms, and perceived behavioural control. This produces 

motivation or intention to alter or perform specific behaviours. 

 

Health belief model (HBM) 

The HBM was first introduced in the 1950s by the U.S Public Health to explain 

what influences an individual to perform a behaviour related to a health outcome 

(Rosenstock, 1974). It consists of six constructs that influence people’s decision to take 

action or not. They are: (1) perceived susceptibility, (2) perceived severity, (3) perceived 

benefits, (4) perceived barriers, (5) cues to action, and (6) self-efficacy (NIH, 2005). This 
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theory could be used to describe how susceptible to mastitis (clinical or subclinical) 

producers consider their herd to be (Table 1).  

The TPB has been previously used in studies to understand producers’ 

motivations and perceptions towards udder health and mastitis control (Jansen et al, 

2010). Although the HBM has not been used in studies with dairy producers, it is a theory 

that can be used to explain the reasoning behind their decisions that subsequently lead to 

behavioural change. 

 

The impact of human psychology in the dairy industry. Recently, there has been 

an increased effort to understand the role human psychology, communication, and social 

variables have on farm management. Some research has found having a positive attitude 

towards mastitis control is associated with lower bulk tank SCC. For example, meticulous 

and consistent producers who took the time to ensure good udder hygiene during milking 

were found to have lower bulk tank SCC compared to producers who favoured speed 

during milking time (Barkema et al, 1999).  

Research in the Netherlands highlights the importance of producer psychology as 

it relates to behavioural change on farm (Jansen et al, 2010). Farmers perceived as “hard-

to-reach”, were not necessarily lacking the knowledge they needed to change, but rather 

the motivation or will to change. Four categories of “hard-to-reach” farmers were 

identified: proactivists, do-it-yourselfers, wait-and-seers, and reclusive traditionalists 

(Jansen et al, 2010). Each group had distinct attitudes towards certain management 

practices and also had differences in which sources of information they trusted. 

Researchers found that having a single message targeted at all groups was not an 
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appropriate way to encourage producers to change aspects of their current management. 

Therefore, tailoring the approach to each producer, based on which category they fall into 

could bring the most significant change regarding management practices on farm. This 

work highlights the importance of effective communication of advisors, such as 

veterinarians, with dairy producers. Some of the most important aspects of successful 

communication include having a “pro-active approach, personalisation of messages, 

providing a realistic frame of reference for the farmer, and use of the farmer’s social 

environment” (Lam et al, 2011). 

 It is important to note that there has been little research done on how social norms 

and interactions impact management in dairy farms. While some aspects of the research 

from the Netherlands can be applied to producers in the Canadian dairy industry, specific 

factors and behaviours are unique to each population. For instance, the Canadian dairy 

industry is under a supply-management system, whereas the European dairy industry is 

not. This could significantly change the perceptions and attitudes of these two 

populations of producers. Supply management provides some stability and security to 

Canadian farmers. All Canadian producers are able to sell their milk at stable prices, and 

receive compensation for their milk as long as it follows certain standards and 

requirements set by the provincial milk boards. Whereas, in other systems, producers are 

competing in a fluctuating market, and producing the most milk at a cheaper price is most 

beneficial. Producers under the supply management system might be more reluctant to 

change if their product already complies with the requirements set by the milk boards. 

However, if the milk boards were to implement stricter standards for milk quality, 
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Canadian farmers might be compelled to change certain behaviours to be able to comply 

and continue selling milk. 

Some studies have been done on Canadian dairy producers’ perceptions of Johne’s 

disease; the goal was to identify motivations and barriers to implement management 

practices to control Johne’s disease on farm (Roche, 2014). Using focus groups, this 

research determined that physical barriers, like time or money, were not the only limiting 

factors to adoption of recommended practices for Johne’s disease control. Producer 

attitudes and perceptions also were identified as major barriers for Johne’s disease 

control. Another study looked at characterizing the attitudes and perceptions of Ontario 

dairy farmers with varying SCCs towards mastitis and udder health (Shock, 2014). In this 

particular study, researchers identified four themes that influenced producers’ views of 

mastitis control: “empowered management to control mastitis, lack of power to control 

mastitis, motivated management, and frustrations” (Shock, 2014). This study illustrates 

how producers can be very motivated to control mastitis on farm, but also the difficulties 

they face when trying to maintain a herd-level strategy to reduce SCC and mastitis on 

farm. 

 

Qualitative research 

Paradigm considerations: post positivism vs. constructivism. Paradigms provide 

us with guidance when investigating a new research question. The question’s nature 

determines the inquiry paradigms and the framework containing the basic assumptions 

(ontological question), ways of thinking (epistemological question), and methodology 

(methodological question) that are commonly accepted by members of a scientific 
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community (Guba and Lincoln, 1994). Traditionally, the quantitative approach has been 

more widely used in the sciences to explore and/or explain phenomena. The use of 

quantitative research usually falls under the post-positivist paradigm (Guba and Lincoln, 

1994). The post-positivist paradigm assumes there is a single reality but it cannot be fully 

described due to human errors and the difficult nature of the phenomena; 

epistemologically, post-positivism looks at estimating, quantifying, measuring, or 

calculating, and it works under the assumption that replication of findings means they are 

true (Guba and Lincoln, 1994). The methodology used in this paradigm, therefore, places 

emphasis on proving or disproving a null hypothesis through experiments or tests. 

However, to appropriately answer certain research questions using methods more 

commonly adopted by the social sciences, one must consider the use of the constructivist 

paradigm. Under this framework, the researcher acknowledges the fact that there are 

multiple constructions or realities: they are all dependent on each person’s experiences 

and social constructs, although different people can share similar elements or realities 

(Guba and Lincoln, 1994). Under this paradigm, the line between ontology and 

epistemology becomes blurred: since the realities change depending on the person, the 

investigator creates the findings and there is subjectivity in the interpretation of the 

results. In research that falls under the constructivist paradigm, the researcher is the key 

instrument of data collection and analysis (Merriam, 2002). Therefore, it is necessary to 

acknowledge how the researcher’s background and experiences affect their construction 

of reality (Sword, 1999).  Questions under the constructivist paradigm look at 

understanding, investigating, inquiring or exploring; this makes qualitative research the 

most appropriate methodology to answer them.  
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Perceptions and attitudes of Canadian dairy producers towards udder health and 

recommended milking practices are shaped by the experiences of each producer, and 

there is no single answer as to why some might adopt certain routines vs. others. To be 

able to investigate this phenomenon, a qualitative approach is the most suitable research 

method. 

Methodology in qualitative research. To fully grasp the reasons or motivations 

behind behaviours or behavioural change, one needs a methodology that can pull 

meaning and depth (Creswell 2013), which is where qualitative research comes in. 

Qualitative research looks to describe perspectives and experiences (Green and 

Thorogood, 2004; Marshall & Rossman, 2010), and the methodology is reflective of this 

purpose. The two main methods of data collection are individual interviews or semi-

structured focus groups, but observations and use of documents are also used as means of 

collecting data. The open-ended nature of the questions in qualitative research gives the 

participants an opportunity to express themselves more thoroughly than with a 

quantitative approach, which is the source of the depth and wealth of information. The 

rich, detailed information gathered by the researcher is then conveyed using words and 

figures rather than numbers; since the goal of the qualitative inquiry is to describe 

phenomena, not measure it (Merriam, 2002). 

The analysis of qualitative data is also vastly different compared to quantitative 

data (Green and Thorogood, 2005). The goal of qualitative data analysis is not only to 

pull meaning from the words of the participants, but also to determine the reasons behind 

it, and the implications of the underlying structure of the data.  
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For the purpose of this project, we shall only focus on one method of data 

analysis, namely thematic analysis, as it was the analysis method used. However, it is 

important to note there are other ways of analyzing qualitative data (grounded theory, 

framework analysis), depending on which method is more appropriate to use with the 

data available, or what the research question requires. 

Thematic analysis, as described by Braun and Clarke (2006) is “a method for 

identifying, analyzing, and reporting patterns (themes) within data”.  The analysis can be 

done using an inductive or “bottom-up” approach, or in a theoretical/deductive way 

(“top-down”) (Braun and Clarke, 2006), depending on the research question and how the 

data was collected. During thematic analysis, the researcher looks for “patterns of 

meaning” and interesting topics in the data. Using codes or coding schemes, the 

researcher labels the data by identifying features; then the codes are grouped based into 

broader categories based on similarities or other meaningful types (Braun and Clarke, 

2006; Green and Thorogood, 2005). Once the entirety of the data is coded and grouped, 

the researcher can combine codes into subthemes or themes, and organize them based on 

how they fit with the research question, as well as the relationship between each of the 

themes (Braun and Clarke, 2006; Green and Thorogood, 2005). This is where the 

interpretive phase takes place, and the researcher continues to refine and review the 

themes to fit them into a coherent pattern, and then defining each theme based on their 

content (Braun and Clarke, 2006). 

 

Validity and reliability. There is no systematic way of performing qualitative data 

analysis. In fact, the best analyses contextualize the findings and use the current social 
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knowledge to draw conclusions for the population from which the data was gathered 

(Green and Thorogood, 2005). However, it is essential to maintain the integrity of the 

data. To ensure validity and reliability of their findings, researchers have been 

encouraged to explicitly describe the process of data analysis and how the interpretation 

of the data leads to their conclusions (Green and Thorogood, 2005). In qualitative 

research, validity is defined as “how accurately the account represents participants’ 

realities of the social phenomena and is credible to them” (Schwandt, 1997). 

It is important for the researcher to acknowledge that validity in qualitative 

research is different from validity in quantitative research. The aim of each method is 

vastly different from the other, and so should be the considerations when it comes to 

measure the soundness of each study. Three “lenses” have to be taken into account when 

assessing the validity of a qualitative study: the people conducting the study, the 

participants, and the readers or reviewers of the study (Creswell and Miller, 2000). First, 

the researchers should reflect on how research was conducted, whether saturation has 

been reached, and if the analysis has been interpreted in a way that tells the story of the 

participants. Second, qualitative research looks at portraying an accurate description of 

the participants’ experiences, so it is important to check with participants that the final 

report represents the data correctly. Finally, reviewers can provide further validity by 

assessing the credibility of the study. Some of the methods that can be used to ensure 

further validity include triangulation, member checking, keeping an audit trail, peer 

debriefing and collaboration with other researchers (Creswell and Miller, 2000). 
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Summary and research objectives. 

 In summary, mastitis continues to be a substantial issue for the Canadian dairy 

industry. Despite the number of preventative measures proven to reduce the incidence of 

mastitis and lower somatic cell counts, not all producers are following the guidelines for 

proper milk harvest and milking hygiene. There is little information on the rate of 

adoption of practices across Canada; larger scale studies are common in the United States 

(NAHMS) that provide regular benchmark for the industry, but those have not been done 

in Canada yet. There is considerable effort in the industry to increase and promote milk 

quality and udder health, but to encourage and target certain producers to follow milking 

hygiene guidelines, one must consider the limitations each group faces and what can be 

done to reduce or eliminate these barriers. For that latter purpose, qualitative studies are 

beneficial and provide an insight into producer perspectives and experiences. 

The primary objectives of this thesis are: 

1) To describe the consistency of producers with their milking routine, identify areas 

of higher variability, and determine how well milking practices are being 

implemented (Chapter 2) 

2) To describe the proportion of adoption of recommended milking practices across 

all 10 Canadian provinces, and investigate differences across regions, milking 

systems, herd size and bulk tank SCC (Chapter 3) 

3) To identify barriers or impediments for adoption of best milking practices and 

investigate potential motivators for producers to implements these practices on 

farm (Chapter 4) 
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APPENDIX 

Table 1. Health Belief Model and mastitis prevention 

Concept Definition Example 

Perceived susceptibility 
Beliefs about the chances of 

getting a condition ‘How susceptible is my 
herd to mastitis?’ 

Perceived severity 
Beliefs about the 

seriousness of a condition 
and its consequences 

‘What kind of impact does 
mastitis have on my farm?’ 

Perceived benefits 

Beliefs about the 
effectiveness of taking 
action to reduce risk or 

seriousness 

‘Will making on-farm 
changes to control mastitis 
reduce my susceptibility or 

its severity?’ 

Perceived barriers 
Beliefs about the material 
and psychological costs of 

taking action 

‘Are the costs of controlling 
mastitis outweighed by the 

benefits?’ 

Cues to action 
Factors that activate 
‘readiness to change’ 

‘What is being 
communicated to me about 

mastitis control?’ 

Self-efficacy 
Confidence in one’s ability 

to take action 
‘Am I confident that I can 
make on-farm changes to 

control mastitis?’ 
Adapted from NIH, 2005 
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ABSTRACT 

The management practices and milking procedures that affect udder health have 

been widely studied, leading to a variety of evidence-based recommendations. Lack of 

adoption or inconsistency in milking practices can directly and/or indirectly interfere with 

efforts to prevent mastitis in the herd. The objective of this study was to assess the 

variation in adoption and application consistency of important milk harvest practices 

between and within farms over time. During the summer (June to August) of 2013, 50 

herds in southern Ontario were visited twice within a month, during milking time, and a 

single person observed and time-recorded pre-milking preparation procedures. A 

generalized mixed model was used to partition the variance for pre-disinfectant contact 
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time and preparation lag time, and thus determine the proportion of variation attributable 

to farms, milkers, visits, and a cow-milkings’ characteristics. Then, using logistic 

regression, univariable models were built to assess factors affecting adequate contact time 

and adequate preparation lag time, respectively. Farm, the person(s) milking, and visit 

number were used as random effects in both instances. In both models, farm-to-farm 

differences and variations between cows during a specific milking accounted for the 

largest part of the variability seen in both contact time (47% and 44%, respectively) and 

preparation lag time (40% and 36%, respectively). For both outcomes, milkers were 

consistent in their routines over the two visits (only 9% and 3.1% of total variance for 

contact and preparation lag time, respectively). Parlours were more likely to meet the 

recommended contact time than tie-stalls; increased number of milkers at milking time 

and having contact times under 30 seconds had negative effects on meeting 

recommended preparation lag time. Overall, the majority of farms in the study adhered 

with the recommendations for adequate milking practices; however, most did not follow 

a consistent timed protocol. This study shows there are several potential sources of 

variation in the milking routine on a dairy farm. In order to improve milk quality and 

udder health, it is important to identify whether best management practices are being 

implemented on each farm. Producers appeared to be consistent in the application of 

milking procedures across time, regardless of whether or not they were correct. Hence, 

with corrective education and training, improvements in these practices could be 

experienced and maintained to promote better udder health. 

Keywords: Dairy cattle, udder health, milking practices, contact time, preparation lag 

time, variation in milking preparation. 
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INTRODUCTION 

The management practices and milking procedures that affect mastitis and 

somatic cell count (SCC) have been widely studied, leading to a variety of evidence-

based recommendations. The practices with the greatest effect on herd SCC and mastitis 

incidence on farm include wearing gloves at milking time, using a single-cow towel to 

dry teats, use of  pre- and post-milking teat disinfectants, and dry cow treatment (Dufour 

et al., 2011). Based on the body of research available, the National Mastitis Council 

(NMC) published a set of recommended milking procedures for dairy farmers to follow 

(NMC – Recommended Milking Procedures, 2013). These recommendations include 

using a pre-milking teat disinfectant, cleaning and drying teats before unit attachment, 

having an adequate delay (i.e. preparation lag time) between teat stimulation and milking 

unit attachment, and using a post-milking teat disinfectant. 

A study of 80 large dairy farms in Germany between 2001 and 2002 found that 

methods employed on different farms, as well as consistency in milking methods within a 

farm, varied substantially (Köster et al. 2006). The study found an association between 

the attentiveness of people milking (measured by looking at cleanliness and consistency 

of milking practices), and overall herd SCC in each farm during the month of the farm 

visit. Most study farms practiced foremilk stripping and post-milking teat disinfection. 

The consistency with which these practices were applied, however, varied between 

milkers on a farm (Köster et al., 2006). The study also found that the detection of cases of 

clinical mastitis was lacking in 32% of participating herds, again with inconsistencies in 
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detection accuracy among milkers within the same farm. This inconsistency was 

potentially due to differences in the definition of clinical mastitis among milkers.  

Other farm-level factors impacting bulk tank SCC include the number of people 

involved in milking, and the level of familiarity the producers have with their cows. In 

one study, farms with fewer people involved in the milking process had lower bulk tank 

SCC than herds with more people milking; this effect was hypothesized to be due to the 

individual’s familiarity with the process as they milked more frequently (Barnouin et al., 

2004). Farmers who considered themselves “meticulous” and “tidy” had herds with lower 

bulk tank SCC (Barkema et al., 1999; Barnouin et al., 2004). Herds with bulk tank SCC 

that could be considered “medium” (mean SCC of 265,000 cells/mL) usually had milkers 

who were less skilled or less careful than herds with low bulk tank SCC (mean SCC of 

135,000 cells/mL) (Chassagne et al., 2005). To our knowledge, there have been no 

studies that have investigated a potential relationship between herd size and the milkers’ 

skills and attention to detail. Larger dairy farms tend to have more hired (non-family) 

help and could have training in Standard Operating Procedures (SOP), whereas smaller 

farms are more likely to be family operated with less formal training. There are also no 

published studies evaluating the rate of adoption, or the consistency of milking 

preparation procedures over time. It is important to address these knowledge gaps 

because despite having recommendation for producers, it is not known whether they are 

following the guidelines correctly and/or consistently. Lack of adoption or inconsistency 

in milking practices likely affects udder health, and it can directly and/or indirectly 

interfere with efforts to prevent mastitis in the herd. Therefore, the objective of this study 

was to assess both the variation in adoption, and consistency in application, of important 
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milk harvest practices between and within farms over time.  

 

MATERIALS AND METHODS 

Ethical approval was obtained through the Research Ethics Board at the University of 

Guelph (REB#13FE005) and all participants provided informed, written consent. 

Data Collection Protocol 

Farm Selection. This study was part of a larger project investigating the impact of 

environment, management and pathogen burden on the late summer rise in bulk tank 

SCC (Shock, 2014). Herds were selected using milk quality records routinely collected 

by the Dairy Farmers of Ontario (DFO), an organization that markets milk on behalf of 

Ontario dairy producers. Farm-level criteria required for inclusion in the study were: to 

own over 30 Kg of butterfat quota, to participate in milk recording with CanWest DHI (a 

non-profit milk recording organization) at a service level including 9 or more herd tests 

per year, and as of January 2013, to have a monthly bulk tank SCC average between 

150,000 and 250,000 cells/ml. Out of a list of 452 herds meeting the eligibility criteria, 

50 herds were recruited by convenience sampling based on the resources available for the 

project (Shock, 2014). 

 Milking Procedures. Each of the 50 herds was visited twice over a one-month 

period during the summer of 2013 (June through August) at milking time. At this time, 

the producer completed a version of the udder health questionnaire validated by Dufour 

et al. (2010), and a single person observed and time recorded various milking procedures 

using a manual stopwatch. The procedures of interest were milking hygiene and 

preparation procedures, including contact time (time between application and removal of 
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the pre-milking teat disinfectant solution), and preparation lag time (time between the 

beginning of teats stimulation and unit attachment) (Shock, 2014). The person observing 

the milking recorded the order of each milking procedure, the number of milkers present 

at the time, as well as their names. During each visit, a convenience sample of 10 to 15 

animals was selected from the entire milking herd at each milking visit, and the 

procedures were timed for those particular animals.  

Statistical Analysis 

All statistical analyses were completed using SAS version 9.4 (SAS Institute Inc., 

Cary, NC). Descriptive statistics were computed for all variables of interest to assess 

frequencies and distributions, as well as to identify improbable values. Values that were 

deemed improbable (including negative time intervals) were considered to be recording 

or transcription errors and were set as missing data. Normality of continuous variables 

was assessed using both graphical methods and the Shapiro-Wilk test. Correlation 

between variables was assessed by computing Spearman and Pearson coefficients (PROC 

CORR), and odds ratios for binary variables (PROC FREQ) to identify highly correlated 

variables. Variables were considered collinear if the correlation coefficient was higher 

than 0.5 or lower than -0.5, or if the odds ratio was greater than 10.0, or smaller than 

0.10. If two variables were highly correlated, the variable of highest interest was kept for 

inclusion in statistical model development.  

  Regression and Structure of the Dataset. Two outcomes were modeled 

independently: time between pre-milking teat disinfectant application and removal, 

defined as “contact time”, and time between the beginning of teat stimulation and milking 

unit attachment, defined as “preparation lag time”.  
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 To investigate consistency of implementation of contact time and preparation lag 

time between farms, milkers, visits, and individual cow-milkings, a null model (i.e. a 

model without predictors) was first used for partitioning of the variance between levels 

(farm, milker, visit, and a cow-milking) as described by Dohoo et al. (2009). A four-level 

hierarchical model with the previously described structure was used for the preparation 

lag time analysis. The contact time dataset, however, was constituted of a subset of the 50 

herds (i.e. the 41 herds that were using pre-milking teat disinfection). In this latter smaller 

dataset, complete separation of the data precluded use of the full four-level structure. 

Therefore, for the contact time analysis, a cross-classified hierarchical model with 

individual cow-milking cross-classified by both milkers and visits, which where, in turn, 

clustered by herds was used (Tables 1 and 2). Because of this feature, disentangling the 

variation in contact time due to milkers’ and visits’ characteristics was not possible in this 

model. As such, these outcomes had to be reported as a whole (i.e. the combination of 

milkers’ and visits’ characteristics). The MIXED procedure of SAS 9.4 (Cary, NC, USA) 

was used for these analyses.   

Factors associated with probability of having a successful preparation lag time or 

a successful contact time, were then investigated. For this purpose, the dependent 

variables were converted to binary variables. Contact time was deemed adequate, or 

equal to 1, if contact time was ≥30 seconds based on published NMC guidelines (NMC- 

Recommended Milking Procedures, 2013). Contact time < 30 seconds was deemed 

inadequate or equal to 0. Preparation lag time was categorized as adequate, coded as 1, if 

time was ≥ 60 seconds, or inadequate, equal to 0, if time was <60 seconds. NMC 

guidelines recommended a preparation lag time between 60 and 120 seconds (NMC- 
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Recommended Milking Procedures, 2013). This categorization was based on studies that 

showed a short preparation lag time led to an increased milking unit on-time and 

decreased flow rates, whereas the opposite effect was seen when lag time was increased 

beyond 60 seconds up to 240 seconds (Watters et al, 2012). 

For both outcomes, the probability of observing the adequate behaviour was 

modeled using generalized linear mixed models with a logit link using the GLIMMIX 

procedure of SAS 9.4 (Cary, NC, USA). Farm, milker, and visit number were included as 

random effects in the preparation lag time analyses, while farm and milker-visit (i.e. the 

cross-classification term) were used in the contact time analyses. Due to the exploratory 

nature of this study, only unconditional associations between exposures and outcomes 

were investigated. Various predictors were, therefore, added to the model one at a time as 

fixed effects. Predictors under investigation were chosen using a causal diagram 

developed for each outcome to identify the possible relationships between variables at 

hand and the outcome. Variables assessed as potential explanatory fixed effects included 

milking system (parlour vs. tie-stall), herd size, use of fore-stripping in the milking 

routine, type of milking routine (single vs. multi-step), number of milking units, total 

number of milkers on farm, number of units per milker, and number of units per 100 

cows. Quantitative variables were categorized based on quartiles for the analysis since 

most did not meet the linearity assumption. Adequate contact (yes/no) was also tested as 

a fixed effect in the preparation lag time model to determine if farms with adequate 

contact time were more likely to have adequate preparation lag time. Least squares means 

were calculated for categorical variables to obtain odds ratios between categories and 

Tukey-Kramer adjustment was used for multiple comparisons.  
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RESULTS 

Descriptive Statistics 

The overall herd characteristics of the 50 farms are presented in Table 3. The 

proportion of number of milking units per 100 cows in parlour and tie-stall herds is 

presented in Table 4. The overall adoption of best milking practices in all herds is 

summarized in Table 5, and the contact and preparation lag time parameters are presented 

in Table 6. On average, herd size in this study was 76 cows, and farms had a weighted 

average bulk tank SCC of 252,000 cells/mL. In this study, 26 herds (52%) in this were 

tie-stalls, and 24 herds (48%) had parlours; the average number of milkers at one time 

was 2 people for tie-stall herds and 1 person for parlour herds. 

 

Mixed Model and Variance Partitions 

 Contact time. The covariance parameter estimates from the mixed model analyses 

of adequate contact time are presented in Table 7. The largest source of variation was due 

to differences between farms (47% of total variation), and there was very little variation 

between milkers on a farm or visits for a given milker (9% of total variation). However, a 

significant portion of the variation was attributed to the variation of contact time from 

one cow’s milking to another by a given milker and during a specific visit (44% of total 

variation). Milkers therefore, did not equally prepare the different cows evaluated on a 

given visit; their routine was not uniform from one cow to another. It is important to note 

that for contact time, the effects of different milkers in one farm, and the effect of visit 

number per milker in a farm could not be disentangled due to the structure of the data 
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(cross-classified hierarchical model, Table 1). The effects of milker and visit were not 

nested within one another in this case. Nevertheless, relatively little variation in contact 

time could be attributed to the milker-visit combination. 

 

 Preparation lag time. The covariance parameter estimates for preparation lag 

time are presented in Table 8.  The largest variation in preparation lag time was again 

attributed to differences between farms (40% of total variation), and to differences from 

one cow’s milking to another on a specific visit (36% of total variation). However, 21% 

of the total variation in preparation lag time could be attributed to differences between 

milkers on a given farm. Hence, all three of these sources of variation in preparation lag 

time were almost equally explained by differences between farms, between milkers, and 

across cow’s milkings. The variation between visits by a given milker on a farm was only 

a small part of the total variation (3%).  Hence, there was uniformity in milkers from one 

day to another; however, it seemed the routine changed substantially from one milker to 

another, and from one cow to another, on a given day.  

 

Logistic Regression 

Contact time. The results of the logistic regression analyses for adequate contact 

time are presented in Table 9. Of the seven variables assessed in unconditional analyses, 

only the number of milking units per 100 cows was significantly associated with 

probability of a successful contact time. Specifically, the odds of having adequate contact 

time were significantly different between farms with more than 16 units per 100 cows 

and farms having less than 10 units per 100 cows (P = 0.03) (Table 9).  
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A non-significant trend was observed for different milking systems: the odds of having 

adequate contact time (>30 seconds) were 5.6 times higher in parlour herds than tie-stall 

herds (P = 0.08, 95% CI 0.78 – 39.88).  

 

Preparation lag time. Of the variables assessed in the unconditional analyses, 

only number of milkers and adequate contact were found to be significantly associated 

with preparation lag time (P < 0.05) (Table 10). The odds of farms having an adequate 

preparation lag time significantly increased when only one milker was present compared 

to two or more milkers (P = 0.01) (Table 10).  The odds of having adequate preparation 

lag were 3.9 times higher for milkings with adequate contact time than milkings with 

inadequate contact time (P < 0.01, 95% CI 1.7 – 9.3). No other variables (milking system, 

fore-stripping, herd size, milker number, number of milking units, milker-to-unit ratio, 

number of units per 100 cows, or type of milking routine) were found to have a 

significant association with adequate preparation lag time. 

 

DISCUSSION 

 

Many studies have emphasized the importance of proper milking management 

and hygiene as a preventative measure for mastitis control on dairy farms (Barkema et al., 

1998; Barkema et al., 1999, Dufour et al., 2011; Olde Riekerink et al., 2010). Yet, few 

studies have described the variation in the daily application of these recommended 

practices at the farm level. Data used in the current analysis were from a study that aimed 

to determine potential risk factors for a rise in bulk tank milk SCC during the summer 
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months (Shock, 2014). Consistent with previous literature, recommended milking 

practices measured (time pre-milking teat disinfectant was in contact with the teats, teat 

stimulation, prep-lag between udder preparation and unit attachment, and unit-on times) 

were not significantly different during either of the two visits, in herds with small 

seasonal SCC increases in the summer compared with herds with larger seasonal SCC 

increases (Shock, 2014). A study by Hutton et al. (1990) timed some of the recommended 

milking practices in a sample of 59 herds (classified as having either “low” or “high” 

SCC) from Washington State. The investigators found there was no difference in the 

frequency of the milking practices used by herds classified as low SCC compared to 

herds with high SCC.  This study by Hutton et al., however, did not describe the 

consistency with which milkers on a single farm followed the milking protocol. There is 

still likely considerable variation in the implementation of many of the most important 

recommended milking practices.  Based on the results of the present study, most of the 

variation observed in the contact time for pre-milking teat disinfectants occurred at the 

farm level (Table 7). This was expected, as farmers use different pre-milking teat 

disinfectants, have different routines in place, and the order of these practices can vary 

from one farm to another. In the “adequate contact time” linear mixed model, the effects 

of milker and visit could not be disentangled from one another, and there was not much 

variation from one milker to another across visits. This suggests that protocols on one 

farm are being consistently applied from one person to the next, and that these are kept 

consistent over time. Nonetheless, there was still considerable variation from one cow to 

the next. In other words, milkers were not equally preparing all cows for milking. It could 

be hypothesized this variation is due to individual cow cleanliness, in that: cows with 
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dirtier teats take more time to prepare than cows with clean teats, and this difference 

affects the time milkers spend preparing other cows. Unfortunately, this hypothesis could 

not be tested, as cleanliness scores for the individual cows evaluated in this study were 

not available. However, to ensure udder health and milk quality, producers should be 

aware of the importance of applying recommended milking practices for all cows, not 

just those that have visibly dirty udders and teat ends.  

Having a correct and consistent milking routine is of importance for optimal milk 

letdown, and reducing variability could potentially affect production in a positive way 

(Hurnik, 1994; Rasmussen & Frimer, 1990). Milker consistency seems to have an 

important role in milk production. For example, Rasmussen & Frimer (1990) showed that, 

relative to a highly variable milking routine, cows with a consistent routine have higher 

milk yields. Hurnik (1994) also stressed the importance of keeping cow management 

consistent for increased milk yield and cow well-being. For optimal milk production and 

quality, milking management in herds should not only follow the recommended 

guidelines, but all milkers should also consistently apply these procedures to all cows. 

Milking system also tended to be associated with adequate contact time, although 

it was not statistically significant (P = 0.08). Parlours were almost six times more likely 

to have contact times over 30 seconds than tie-stalls. This can be explained by the way 

milking routines are performed in each of the systems: in parlours, each step of the 

routine is applied to several cows at a time before moving onto the next step until unit 

attachment. In tie-stalls, there is more variability in the way each cow is prepped and it is 

also dependent on unit on-time of the previous cow as milking units are moved from one 
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cow to another. In many tie-stall systems, the pattern of unit movement from one cow to 

another is highly variable. 

The ratio of milking units per cow was also associated with the odds of having 

adequate contact time. Farms with more units per cow were more likely to have a contact 

time over 30 seconds. The main difference observed was between farms with more than 

16 milking units per 100 cows compared to farms with 10 to 16 units or with less than 10 

units per 100 cows. These odds ratios should be interpreted with caution, due to wide 

confidence intervals, nonetheless, the association remains significant.  Having more units 

available per cow may lead to more units becoming available quicker and also having a 

shorter total milking time. Milkers may feel less rushed to prepare cows if there are more 

units available, instead of aiming for the fastest preparation to speed up unit on-time and 

be able to move onto the next cow. It is important to note that a higher proportion of 

parlour farms in this study had over 10 units per 100 cows, whereas tie-stall farms had a 

higher proportion of farms with less than 10 units per 100 cows (Table 4).  

Of note, the assessment of contact time variation does not include farms that did 

not use a pre-milking teat disinfectant. Of the 50 study herds, 9 did not use a pre-milking 

teat disinfectant. Therefore, the current analysis and subsequent conclusions do not apply 

to almost 20% of the farms in this study. A similar lack of use of a pre-milking teat 

disinfectant was reported in a previous Canadian study, with 25% of herds not using a 

pre-milking teat disinfectant (Dufour et al., 2010). 

Based on the causal diagram, relationships between the variables milking system, 

herd size, number of people milking and number of units, and both outcomes of interest 

were hypothesized. Surprisingly, only few predictors were significantly associated with 
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adequate contact time. Neither herd size, nor number of people milking were associated 

with adequate contact time or preparation lag time in the present study. Nevertheless, 

these variables have been observed to have a significant effect on bulk tank SCC levels 

(low vs. high) (Shock, 2014). Hutton et al. (1990) also found that larger, more efficient 

herds (more cows milked per person per hour) had lower SCC levels than smaller herds. 

It could be that milkers on larger farms are more consistent or careful during the milking 

preparation; however, this hypothesis has not been tested. The lack of a herd size effect 

was likely due to a lack of variability in this characteristic in this dataset.  Most farms 

were smaller (average of 76 milking cows), with only one farm milking over 200 cows 

(Table 3). The generalizability of the results described here to larger herds is unknown 

and would merit further investigation.  

For preparation lag time, most of the variation was attributed to the variability 

between farms and between cow-milkings. However, this analysis also highlighted 

substantial variability in the preparation lag time from one milker to another. Again, this 

finding stresses the importance of informing people milking to apply the same procedures 

to all cow-milkings. Yet, there was consistency from one visit to another (low variability) 

(Table 8).  Milker consistency plays an essential role in both the correct implementation 

of recommended milking practices and the prevention of mastitis. Stup (2002) 

highlighted the importance of having Standard Operating Procedures (SOPs) in place to 

reduce mastitis and milk quality problems, and to increase milk production on dairies. 

Similarly, Rasmussen et al. (1990) showed that, compared to cows milked using a 

variable milking routine, a standardized routine decreased the bulk tank bacterial count in 

the milk while increasing cow milk yield. Although there was no difference in the 
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number of cases of clinical mastitis between the two groups studied, the standardization 

of the routine seemed to improve milk quality (Rasmussen et al., 1990).  

There was little variation in preparation lag observed between visits; the farms 

and milkers in this dataset seemed to be fairly consistent across time in applying this 

practice. This could be an important area to target in mastitis prevention, as it supports 

the assertion that producers are consistent in the application of milking procedures across 

time, regardless of whether or not the procedures are correct. Potentially, with corrective 

education and training, improvements in these practices could be achieved and 

maintained. By targeting farms where recommendations are not being followed properly, 

and encouraging change of milking procedures, it would be reasonable to hypothesize 

they would continue to follow the procedures as consistently as they have before. 

Research has shown that most producers do not lack motivation to change, but rather lack 

information to make decisions leading to change (Jansen et al., 2010). By effectively 

communicating with milkers, advisors can hope to change their behaviour and improve 

management practices (Jansen et al., 2010). 

In univariable analyses, only contact time and number of milkers were associated 

with adequate preparation lag time (Table 10). Farms with adequate contact time were 

more likely to have an adequate preparation lag time compared to farms with non-

adequate contact times. For farms using pre-milking teat disinfectant, contact time was 

included in preparation lag time (which was defined as the time from initial stimulation 

until unit attachment), so it is not surprising that milkings that met the 30 second cutoff 

for adequate contact time were more likely to meet the 60 second cutoff for adequate 

preparation lag time. However, 20% of the farms in this study did not use pre-milking 
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disinfectant and the majority (80%) also met the recommended preparation lag time. The 

likelihood of having an adequate preparation lag time was not significantly different 

between farms with milking routines that involved more than a single step before unit 

attachment and farms where routines had a single step before unit attachment. In other 

words, having a successful preparation lag time is not just dependent on having adequate 

contact time, but having an appropriate milking routine. 

Farms with more than two milkers present at milking time were more likely to 

have a preparation lag time under 60 seconds compared to farms with only one or two 

milkers. Having more people at milking time tends to be associated with more rapid 

milkings and cows being prepared faster; however, having a lag time under 60 seconds 

can affect milk letdown, flow rates and increase milking unit on-time (Watters et al, 

2012).  

Limitations of this Study 

Farms in this study were selected based on a convenience sample (based on their 

likelihood to experience a rise in SCC during the summer; see Shock, 2014), potentially 

introducing a selection bias. In addition, farms were also not representative of the broader 

Canadian dairy farm population, as they were selected based on an SCC range that 

excluded herds with very low and very high cell counts; only herds that had a bulk tank 

SCC between 150,000 and 250,000 cells/ml were selected for the study. According to 

DFO, 58% of Ontario dairy herds typically fall in this range (DFO, 2015). Research 

shows that farmers who are defined as more “proactive” towards their practices are 

usually more informed and follow the regulations more closely relative to farmers 

considered as “traditionalist” or “reclusive” (Jansen et al., 2010). Participating producers 
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could have been, in general, more compliant to recommended milking protocols than 

those producers that did not agree to participate. 

There were no cow-milking-, nor visits- or milkers-specific measures recorded 

during this study. All of the milking timings recorded were independent of the cow 

identification, and during the second visit, there was no intent to gather data from the 

same cows observed during the first visit. This could explain why a significant part of the 

variation was due to cow-to-cow variation. Some cow-milking level characteristics can 

affect the milking preparation timings (e.g. slower-milking cows, level of cow hygiene, 

cow temperament, position in the parlour or in the barn for tie-stall, etc.). Gathering 

additional cow-milking-level measures, or using repeated measures for selected cows 

during the visits could have been useful to explain how cow-level or milking-level 

determinants affect the consistency and variability of the milking routine. 

Due to the exploratory nature of this study, the analyses focused only on 

unconditional associations. The effect of multiple predictors on adequate contact time and 

adequate preparation lag time would be worth investigating further with a dataset 

comprised of a larger number of representative and heterogeneous farms. In such a 

dataset, potential confounders could be controlled using conditional analyses. 

 

CONCLUSION 

 

The majority of farms in the study complied with the recommendations for 

adequate milking practices, which does not necessarily imply following a consistent 

timed protocol. This study shows there are several potential sources of variation in the 
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milking routine on a dairy farm. Most farms were consistent over time in their milking 

preparation, and different milkers within a farm followed the same milking preparation 

routine regardless if they were correct or not. Determining whether correct milking 

protocols are being followed on farm or not can be a key area to target for improvement 

in mastitis control. If producers can be motivated to change and trained to implement a 

correct milking preparation routine, improvements in these practices could be achieved 

and maintained. Beyond farm level characteristics, important differences were observed 

from one cow to another during a given milking. Factors causing this variation should be 

further explored in future research. 
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TABLE 1. Structure of data for contact time of pre-milking disinfectant in 50 Ontario 
dairy herds visited twice over the summer of 2013. 
Level Number of observations Number of units per highest level 

Mean Range 

Farms 41 - - 
Milkers 91 2.2 1-5 
Visits 119 1.3 1-2 
Cow-milking 1,138 9.6 1-20 
Note: 69.2% of milkers were only observed during one visit. 
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TABLE 2.  Structure of preparation lag time data in 50 Ontario dairy herds visited twice 
over the summer of 2013. 
Level Number of observations Number of units per highest level 

Mean Range 
Farms 50 - - 
Milkers 114 2.3 1-7 
Visits 152 1.3 1-2 
Cow-milking 1,447 9.5 1-20 
Note: 66.7% of milkers were only observed during one visit. 
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TABLE 3. Overall herd characteristics of 50 Ontario dairy herds participating in a study 
on adoption and consistency on milking procedures. 
Variable Average Minimum Maximum 

Herd size 76 cows  27 cows 340 cows 

Monthly weighted average bulk tank 

somatic cell count (cells/ml) 

252,000 95,000 562,000 

Milking units – parlour (n=24) 13 units 4 units 20 units 

Milking units – tie stall (n=26) 5 units 3 units 9 units 

People milking – parlour  1 person 1 person 3 people 

People milking – tie stall  2 people 1 person 3 people 
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TABLE 4. Distribution of number of milking units in two milking systems across 50 
dairy herds in Ontario participating in a study on adoption and consistency on milking 
procedures. 
Proportion of farms <10 units/100 cows 10-16 units/100 

cows 
>16 units/100 cows 

Parlour 14% 50% 36% 
Tie-stall 26% 62% 12% 
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TABLE 5. Proportion of 50 farms that adopted recommended milking practices, visited 
during the summer of 2013 
Practice Percentage of farms 

using practice 

# (%) 

Lower 95% CI Upper 95% CI 

Use of pre-milking 
teat disinfection	

41 (82%) 71% 93% 

Fore-stripping 24 (48%) 38% 58% 

Drying teats 44 (88%) 80% 93% 

Automatic takeoff 
use	

40 (80%) 71% 87% 

Post-milking teat 
disinfection	

50 (100%) . . 
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TABLE 6. Descriptive statistics for pre-milking teat disinfectant contact time (in 
seconds) and preparation lag time (time between teat stimulation and milking unit 
attachment; in seconds) in a group of 50 dairy herds from Ontario. 
 

Variable N Mean Std. 
Deviation 

Min 1st 
Quartile 

Median 3rd 
Quartile 

Max 

Contact time 
(seconds) 1,446 69 72 0 7 60 95 612 

Preparation lag 
time (seconds) 1,446 123 89 0 65 102 156 743 
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TABLE 7.  Covariance parameter estimates for contact time in linear mixed null model 
of 50 Ontario dairy herds. 
Variable Estimate Percent variance 

Farm 0.1318 47% 

Milker*visit number within farm 0.0197 9% 

Cow-milking 0.0544 44% 
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TABLE 8. Covariance parameter estimates for preparation lag time in linear mixed null 
model of 50 Ontario dairy herds. 
Variable Estimate Percent variance 

Farm 0.0479 40% 

Milker within farm 0.0262 21% 

Visit within farm and milker 0.0038 3% 

Cow-milking 0.0440 36% 
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Table 9. Unconditional associations between probability of a successful pre-milking teat 
disinfection contact time (defined as more than 30 seconds of disinfectant contact before 
wiping off) and various predictors hypothesized to be determinants of contact time 
success and estimated using a generalized mixed model with a logit link. Observations 
were obtained from a group of 41 herds from the province of Ontario.  
 
Variable Estimate Standard 

Error 
Odds 
ratio 

Odds ratio 
95% CI 

P-
value 

Housing type     0.08 
   Freestall 1.72 1.00 5.6 0.78, 39.8  
   Tie-stall REF REF REF REF REF 
Forestrip     0.13 
   Yes 1.55 1.02 4.7 0.64, 35.0  
   No REF REF REF REF REF 

Number of milkers     0.49 
   >2 -0.72 1.29 4.7 0.22, 98.6  
     2 -1.54 1.30 0.21 0.02, 2.7  
     1 REF REF REF  REF REF 

Number of milking units 
>12 
6-12 
<6 

 
-0.39 
0.38 
REF 

 
1.43 
1.19 
REF 

 
0.68 
1.46 
REF 

 
0.04, 11.2 
0.14, 15.1 

REF 

0.85 
 
 

REF 

Herd size (cows) 
>83 
42-83 
<42 

 
-3.11 
-1.93 
REF 

 
1.59 
1.40 
REF 

 
0.04 
0.15 
REF 

 
0.002, 1.01 
0.01, 2.25 

REF 

0.14 
 
 

REF 

Milking units per 100 
cows 

>16  
10-16 
<10 

 
 

3.66 
0.58 
REF 

 

 
 

1.50 
1.16 
REF 

 
 

38.8a 

1.79b 

REFc 

 
 

2.05, 735.1 
0.18, 17.35 

REF 

0.03 
 
 
 

REF 

Milking units per milker 
>6 
2-6 
<2 

 
1.76 
1.91 
REF 

 
1.82 
1.63 
REF 

 
5.8 
6.8 

REF 

 
0.16, 205.9 
0.28, 164.8 

REF 

0.50 

    
a, b, c Within a given predictor, groups with different superscripts differed significantly (P 
<0.05) after adjustment for multiple comparisons using the Tukey-Kramer method. 
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TABLE 10. Unconditional associations between probability of a successful preparation 
lag time (defined as more than 60 seconds between first stimulation of teats and unit 
attachment) and various predictors hypothesized to be determinants of preparation lag 
time success and estimated using a generalized mixed model with a logit link. 
Observations were obtained from a group of 50 herds from the province of Ontario. 
 
Variable Estimate Standard 

Error 
Odds 
ratio 

Odds ratio 
95% CI 

P-value 

Adequate contact time 
Yes 
No 

 

 
1.2 

REF 

 
0.45 
REF 

 
3.72a 

REFb 

 
1.54 – 9.00 

REF 

0.003 
 

REF 

Housing type 
Freestall  
Tie-stall 

 
0.84 
REF 

 
0.86 
REF 

 
2.31 
REF 

 
0.43 – 12.50 

REF 

0.33 
 

REF 
Forestrip* 

Yes 
No 

 
0.57 
REF 

 
0.85 
REF 

 
1.76 
REF 

 
0.33 – 9.34 

REF 

0.51 
 

REF 
No. milkers 

1 
2 
>2 

 
2.98 
0.70 
REF 

 
1.03 
0.95 
REF 

 
19.69a 

2.01b 

REFb 

 
2.61 – 148.2 
0.31 – 12.96 

REF 

0.01 
 
 

REF 
No. milking units 

<6 
6-12 
>12 

 
0.44 
0.63 
REF 

 
1.15 
1.14 
REF 

 
1.56 
1.88 
REF 

 
0.16 – 14.79 
0.20 – 17.54 

REF 

0.86 
 

 
REF 

Herd size (cows) 
<42 
42-83 
>83 

 
0.39 
1.05 
REF 

 
1.20 
1.03 
REF 

 
1.47 
2.87 
REF 

 
0.14 – 215.5 
0.37 – 21.52 

REF 

0.56 
 
 

REF 

Milking units per 100 
cows 

>16  
10-16 
<10 

 
 

1.03 
1.41 
REF 

 
 

1.25 
1.07 
REF 

 
 

2.80 
4.09 
REF 

 
 

0.24 – 32.46 
0.50 – 33.35 

REF 

0.42 
 
 

 
REF 

Milking units per 
milker 

>6 
2-6 
<2 

 
 

2.12 
1.47 
REF 

 
 

1.55 
1.30 
REF 

 
 

8.30 
4.34 
REF 

 
 

0.40 – 173.8 
0.34 – 55.91 

REF 

 
0.39 

 
 

REF 
Milking routine with 
multiple steps before 
unit attachment 

Yes 
No 

 
 

 
0.25 
REF 

 
 

 
1.10 
REF 

 
 

 
1.28 
REF 

 
 

 
0.14 – 11.05 

REF 

0.82 
 
 
 

REF 



 56 

a, b, c Within a given predictor, groups with different superscripts differed significantly (P 
<0.05) after adjustment for multiple comparisons using the Tukey-Kramer method.  
* Due to convergence issues, the analysis of the effect of forestripping on preparation lag 
time was run without using visit as a random effect.  
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ABSTRACT 

 Several studies have investigated which management practices have the highest 

impact on udder health, but there is little information on how broadly the recommended 

milking practices are adopted across Canada. The National Dairy Study (NDS) 2015 was 

designed to gather dairy cattle health and management data on dairy farms across Canada. 

The objectives of the present study were to describe the current proportions of adoption 

of milking practices on Canadian dairy farms, and identify factors associated with their 

use on farms. A bilingual questionnaire measuring use of various practices, including an 

udder health-specific section, was developed and sent to all Canadian dairy farms. The 

questions in the udder health section of the questionnaire were adapted from a bilingual 

questionnaire previously validated and contained questions regarding general milking 
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hygiene and routine, and on farm mastitis management. Chi-squared tests were used to 

investigate simple associations between adoption of practices and various explanatory 

variables including region, milking system, herd size and bulk tank somatic cell count 

(SCC). In total, 1,373 dairy producers completed the survey. The regional distribution of 

the participants was representative of the Canadian dairy farm population, and milk 

quality was, on average, similar to non-participants. Overall, Canadian dairy producers 

followed the recommendations for milking procedures, but some were more extensively 

used than others. Fore-stripping, cleaning teats, wiping teats dry, using single-cow towels, 

and use of post-milking teat disinfectant were widely adopted. Use of gloves and glove 

hygiene, use of a pre-milking teat disinfectant, and use of automatic takeoffs were not as 

extensively implemented. Adoption percentages for several practices, including use of 

gloves, use of a pre-milking teat disinfectant, teat drying methods, and use of automatic 

takeoffs were significantly associated with milking system, herd size, and region. It 

would be helpful to explore the reasons why producers choose to adopt or ignore 

recommended milking practices as most are easy to include in the routine and are fairly 

inexpensive. 

Keywords: Dairy cattle, udder health, milking practices, adoption  

 

INTRODUCTION 

 

 The Canadian dairy industry is one of the largest agricultural sectors in the 

country and contributes over $6 billion to the Canadian economy (Canadian Dairy 

Commission, 2016). Dairy farms can be found in all of Canada’s ten provinces, with the 
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largest proportion of herds located in Ontario (33%) and Québec (50%) (Canadian Dairy 

Information Center, 2015). Mastitis is one of the most important issues that dairy 

producers deal with on a daily basis. Regional studies previously conducted in Canada 

reported low to moderate prevalences of mastitis in herds in Ontario (20 to 22%) 

(Sargeant et al., 1998; McLaren et al., 2006) and British Columbia (5.6 to 10.5%) (Van 

Dorp et al., 1999). A more recent study by Olde Riekerink et al. (2008) found the mean 

incidence rate of clinical mastitis (IRCM) across the 10 Canadian provinces was higher 

than the previous reports (23.0 cases per 100 cow-years, ranging from 0.7 to 97.4 per 

herd) (Olde Riekerink et al., 2008). Results of this latter study indicated regional 

differences in the IRCM and differences in prevalence of mastitis pathogens, especially 

among herds in western Canada, where the mean IRCM was lowest (7.6 to 20.2 cases per 

100 cow-years) and environmental pathogens were more prevalent, and herds in Ontario 

and Québec, where mean IRCM was the highest (31.6 and 29.7 cases per 100 cow-years), 

and contagious pathogens were more prevalent (Olde Riekerink et al., 2008). The 

differences found in that study suggest that there is an impact of different management 

styles, possibly also related to barn type and region, on the IRCM in herds. 

 Researchers have also examined which herd management practices, including 

overall management, housing and milking, have the largest impact on udder health 

(Barkema et al, 1998; Chassagne et al, 2005; Dufour et al, 2011; Dufour et al, 2012). 

However, there is little information on how broadly the recommended milking practices 

are adopted across Canada. While the U.S.A. has the National Animal Health Monitoring 

System (NAHMS), an initiative of the USDA to “collect, analyze, and disseminate data 

on animal health, management, and productivity across the United States” (USDA, 2016), 
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there is no similar system in place in Canada to benchmark management on dairy farms. 

The Canadian Bovine Mastitis and Milk Quality Research Network (CBMQRN) led an 

initiative to study farms across six Canadian provinces to gather data used for mastitis 

and milk quality research. This latter study, the National Cohort of Dairy Farms (NCDF) 

(Reyher et al., 2011), followed a cohort of 90 volunteer farms, who practiced milk-

recording, for a year, and gathered data on health management, including milking 

practices. The present study builds upon this work, to compare and extend the knowledge 

of the current state of the Canadian dairy industry. 

 The National Dairy Study (NDS) 2015 was designed to collect dairy cattle health 

and management data from dairy farms across all ten Canadian provinces regardless of 

participation in milk-recording. Targeted data include information about herd 

demographics, biosecurity, animal care, lameness, calf health and management, 

reproductive management, and udder health. The objectives of the current study were to 

quantify the current proportion of adoption of recommended milking practices (RMPs) 

on Canadian dairy farms, and to investigate differences in adoption across region, 

milking system, herd size and bulk tank somatic cell count (BTSCC). 

 

MATERIAL AND METHODS 

 

This project was part of a large national multi-institutional study. Four universities 

collaborated in this project: University of Guelph, University of Montréal, University of 

Calgary, and University of Prince Edward Island. Ethical approval was obtained through 

the Research Ethics Boards from all collaborating universities: University of Calgary 
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(REB#14-2481), University of Guelph (REB#14DC025), University of Montréal (15-

007-CERES-D), and the University of PEI (REB#6006095). All participants provided 

informed, written consent. 

Questionnaire development 

 The overall NDS project consisted of two phases: Phase I involved a 

comprehensive questionnaire developed from the Needs Assessment conducted in early 

2014 (Bauman et al., 2016), and Phase II which consisted of farm visits to a subset of 

Phase I participants. A literature review was conducted to identify the milking practices 

reported to have the highest impact on mastitis prevention and control, as well as 

identifying studies that reported the degree of adoption of these milking practices across 

the Canadian dairy industry. 

 The questions used in the udder health section of the questionnaire were 

adapted from a bilingual questionnaire previously validated by Dufour et al. (2010). The 

questionnaire can be found on the CBMQRN website under the Publications section 

(mastitisnetwork.org). It contained questions regarding general milking hygiene and 

routine, mastitis management on farm, methods of identification of cows with mastitis, 

and dry-off practices. The milk harvest practices of interest included: the use of gloves at 

milking time, glove disinfection (yes/no), use of pre-milking teat disinfectant (yes/no), 

fore-stripping (yes/no), method(s) used to dry teats, use of automatic takeoffs (yes/no), 

and use of post-milking teat disinfectant (yes/no). The questionnaire was constructed 

using Qualtrics© (2015), an online platform for survey design and delivery. The final 

questionnaire was sent to a sixteen-person advisory group, made up of stakeholders in the 

industry (four producers, four veterinarians, four researchers, and four government 
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representatives) for review and pre-testing. After review and subsequent revision, Dairy 

Farmers of Canada (DFC) translated the questionnaire to French. Three additional 

bilingual stakeholders further reviewed the translation to ensure the context of the 

questions was retained. The final bilingual questionnaire was formatted so that it could be 

completed via multiple formats: online, paper copy, and by telephone to reach as many 

producers as possible.  

 To give all producers in Canada (~12,000) the opportunity to complete the 

questionnaire, a letter of invitation was mailed to all of them. The contact information for 

all licensed producers in Canada is only available through each provincial marketing 

board. To maintain the confidentiality of individual dairy producers, each farm was 

assigned a unique six-figure code (composed of two letters representing each province 

(e.g. ON, QC, AB) and four numbers) and researchers did not have access to contact 

information. The questionnaire was then administered to all registered Canadian dairy 

producers in the form of their choice (i.e. online, paper copy, phone) between March 25th 

and May 7th 2015. Once the questionnaire was closed, data were exported from 

Qualtrics© (2015) into an Excel spreadsheet for analysis. Paper questionnaires and phone 

interviews were entered manually into Qualtrics© (2015). Participants could voluntarily 

release their production information (herd size, volume of milk shipped in a year, 

weighted average somatic cell count (SCC)) from their respective milk boards for the 

research team to use. Anonymized data from non-responders was obtained through each 

provincial milk board. 

Data analysis 

 All statistical analyses were completed using SAS version 9.4 (SAS Institute 
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Inc., Cary, NC). Descriptive statistics were generated for farm demographics and each 

milking routine variable. Herds with automatic milking systems were excluded from this 

analysis, as they do not follow a manual milking protocol per se. Herd size was 

categorized into three categories using the first and third quartiles (less than 37 cows, 

between 37 and 80 cows, more than 80 cows), and BTSCC in the month of May 2015 

was categorized into two groups: having a BTSCC of less than 200,000 cells/mL or 

greater than or equal to 200,000 cells/mL. This BTSCC was chosen as it was the month 

of survey administration, and the cutoff for the two categories was chosen to look at 

herds below and above the average BTSCC in Canada, which is approximately 200,000 

cells/mL. “Region” was defined as four categories due to the small number of herds in 

individual Atlantic and western provinces. The four categories were: Western provinces 

(British Columbia, Alberta, Saskatchewan, Manitoba), Ontario, Québec, and Atlantic 

provinces (New Brunswick, Newfoundland, Nova Scotia and Prince Edward Island). 

 Chi-squared tests were performed to determine whether explanatory variables, 

including type of milking system (i.e. tie-stall or parlor), region, herd size and BTSCC for 

the month of May, were associated with each of the milking practices described above. 

The Fisher’s Exact test was used when less than five observations per group were 

expected. Associations were considered significant if the P-value of the Chi-squared test 

was less than 0.05. For the herd size and region variables that had more than two levels, 

pairwise comparisons were conducted when the global test of association was significant 

to identify which levels were different from one another. The chi-square or Fisher exact 

tests were used for these pairwise comparisons and the Bonferroni-Sidak (Abdi, 2007) 

adjustment was used to adjust for multiple comparisons.   
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RESULTS 

 

Descriptive statistics and overall adoption of milking practices 

 In total, 1,373 dairy producers responded to the survey (11% of all Canadian dairy 

herds), and 1193 agreed to participate. Seventy-nine producers (6%) completed the 

questionnaire over the telephone, 224 (16%) completed paper versions and 1,070 (78%) 

completed it on-line. The regional distribution of the participants was representative of 

the Canadian dairy farm population. Thirty-five percent of the participants were from 

Ontario, 43% from Quebec, 13% from the Western provinces (British Columbia, Alberta, 

Saskatchewan, Manitoba), and 8% from the Atlantic provinces (Nova Scotia, 

Newfoundland, New Brunswick, PEI) (Table 1). Eighty-six percent of participants were 

enrolled in milk recording (approximately twelve percent above the country average 

(CDIC, 2015)) and three percent of participants had certified organic farms. Sixty percent 

of participants housed their milking cows in tie-stall barns, 38% in free-stall barns, and 

two percent in pack barns. Fifty-nine percent of the herds milked cows with a pipeline 

system, 29% in a parlour, and 12% had automatic milking systems. Farms participating in 

the study had a mean milking herd size of 74 cows (95% CI: 70 – 78), ranging from 10 

cows to 1,037 cows, with a first quartile of 37 cows, and third quartile of 80 cows. Farms 

with automatic milking systems had a mean BTSCC of 208,800 cells/mL (95% CI: 

195,600 – 221,900) during the month of the study. Farms without an automatic milking 

system (tie-stall and parlour) had a mean BTSCC of 197,600 cells/mL (95% CI: 191,900 
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– 203,300). The difference between the two types of farms is statistically significant, 

although not biologically significant.  

Mean yearly volume of milk shipped (in kg) was significantly higher in herds 

participating in the study compared to herds that did not participate (Table 2), but the 

range of production in participant and non-participant herds was similar. Average 

BTSCC for the month of the survey was significantly lower in participating herds 

compared to non-participating herds (Table 2), but again the distribution of BTSCC 

across participant and non-participant herds was similar. Production per province is 

reported in the appendix as supplementary materials (Table A1). There were significant 

differences in the types of milking system used, depending on region and herd size. 

Results are reported in the appendix as supplementary materials (Table A2 and A3). 

Herds from Ontario and Québec had a significantly higher percentage of tie stall herds 

with a pipeline system, while Atlantic and Western herds were more likely to have 

parlour systems (P < 0.0001) (Table A2). Larger herds (>80 cows) were more likely to 

use a parlour system, while medium and small herds were more likely to have a pipeline 

system (P <0.0001) (Table A3). 

The overall adoption of milking practices is presented in Table 3. Most participants 

followed the recommendations for milking procedures, but some were more extensively 

used than others. For example, post-milking teat disinfection was used by 97% of the 

participants, but only 65% of them used a pre-milking teat disinfectant (Table 3). 

 Glove use during milking. Over 60% of farms reported all milkers on farm wore 

gloves at milking time, while 21% reported some milkers wore gloves and 15.6% 

reported none of the milkers wore gloves (Table 3). There were significant associations 
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between the use of gloves by milkers and the type of milking system (P = 0.05) (Table 4). 

A greater percentage of parlour herds reported that all milkers wear gloves during 

milking time compared to tie-stalls. Tie-stall herds had a lower proportion of milkers 

wearing gloves compared to parlour herds (P = 0.05). Glove use was also strongly 

associated with herd size: larger herds (>80 cows) had a higher proportion of milkers 

wearing gloves compared to medium or smaller size herds (37-80 cows, <37 cows) (P = 

0.02). Likewise, the proportion of smaller herds reporting that none of the milkers wear 

gloves was higher compared to medium or large herds. Small herds were statistically 

significantly different in their use of gloves from large herds. Use of gloves in medium 

sized herds was not statistically significantly different from small or large herds (Table 

4.) Glove use in herds was also associated with region: Ontario had a higher proportion of 

herds that reported no milkers wore gloves compared to Québec herds, Atlantic herds and 

Western Canadian herds (P = 0.05).  Atlantic herds had the highest proportion of herds 

where all milkers wore gloves (71%), followed by Western Canadian herds (67%), 

Québec herds (65%) and Ontario (59%). After adjusting for multiple comparisons we 

cannot tell which regions are different from one another although the global test indicates 

that glove use is associated with region. Finally, herd BTSCC was strongly associated 

with the use of gloves: herds with a BTSCC ≥ 200,000 cells/mL had a lower proportion 

of milkers wearing gloves (P = 0.02).  

 Cleaning of gloves. Cleaning of gloves was strongly associated with type of 

milking system and region (Table 5). While most herds reported cleaning gloves (74%; 

95% CI: 71–77%) (Table 3), a higher proportion of tie-stall herds reported not cleaning 

gloves compared to parlour herds (P < 0.001). Regionally, Québec and Ontario had 
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higher proportions of herds not cleaning gloves compared to Atlantic or Western 

Canadian herds (P < 0.001). After adjusting for multiple comparisons, cleaning of gloves 

was statistically significantly different in Québec compared to Western Canada. No 

difference was seen between Ontario and Québec, and between Atlantic and Western 

Canadian herds (Table 5). Cleaning of gloves, however, was not significantly associated 

with herd size or herd BTSCC. 

 Use of pre-milking teat disinfectant. Just over two-thirds of participants in the 

study reported using pre-milking teat disinfection (64%; 95% CI: 61–67%) (Table 3). 

Use of pre-disinfection was strongly associated with milking system, herd size and region 

in the current study (Table 6). A higher proportion of parlour herds used pre-disinfection 

compared to tie-stall herds (P < 0.0001), and larger herds also had higher proportion of 

use of pre-disinfection compared to medium or smaller herds (75% vs. 62% and 60%; P 

< 0.001). Although the overall test indicates use of pre-milking teat disinfection is 

associated with herd, we cannot tell which herds sizes are different from one another, 

after adjusting for multiple comparisons. Regionally, the Atlantic region had a higher 

proportion of herds using pre- disinfection (82%) followed by herds in Ontario (75%). 

Western and Québec herds had lower proportions of use of pre-disinfection during 

milking preparation (62% and 54% respectively) (P < 0.0001). Ontario and Atlantic herds 

were significantly different from Western and Québec herds in their use of pre-milking 

disinfection. There was no association between use of pre-disinfection and herd BTSCC 

(P = 0.83). 

 Fore-stripping. Overall, 82% of participants reported fore-stripping during milking 

preparation (Table 3). There were no associations between fore-stripping and milking 
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system (P = 0.72), herd size (P = 0.82), region (P = 0.18) or BTSCC (P = 0.13) (Table 7).  

 Drying teats.  Overall, 88% of herds reported using some method to dry teats 

before unit attachment; 59% reported using a disposable paper towel, 25% used a 

reusable cloth towel, and 4% use other methods to dry (Table 3). Only 106 herds (12%) 

reported not drying teats. Method of drying teats was strongly associated with milking 

system, herd size and region in this study (Table 8). A higher proportion of tie-stall herds 

reported using disposable paper towels to dry teats prior to unit attachment than parlour 

herds (P < 0.0001). Parlour herds had a higher proportion of use of reusable towels 

compared to tie-stall herds (P < 0.0001). Both milking systems had similar likelihood not 

to dry teats or to use another method of drying (Table 8). A higher proportion of small 

and medium sized herds used disposable paper towels compared to larger herds (P 

<0.0001). Large herds had a higher proportion of use of reusable towels for drying over 

any other method (P <0.0001). Larger herds were significantly different from small and 

medium herds in their method of drying teats (Table 8). There was a significant 

association between region and method of drying teats (P < 0.0001). A higher proportion 

of herds in Québec reported using disposable paper towels compared to Ontario, Atlantic 

and Western herds (Table 8). After adjusting for multiple comparisons, Québec was 

significantly different from the rest of the regions.  There was no significant association 

seen in this study between drying teats prior to unit attachment and herd BTSCC (P = 

0.30) although less than 10% of participants reported using the same towel to dry 

multiple cows during a given milking (8%; 95% CI: 7–11%) (Table 3). 

 Use of automatic takeoffs. The majority of farms in this study reported using 

automatic takeoffs; 78.3% of farms used them with all or some of the cows, while only 
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22% reporting not using them at all (95% CI: 19–25%) (Table 3). The use of automatic 

takeoffs was associated with milking system, herd size and region (Table 9). Parlours 

reportedly had a higher proportion of use of automatic takeoffs compared to tie-stalls (P < 

0.0001); medium and large herds had a higher proportion of use of automatic takeoffs 

compared to smaller herds (P < 0.0001). After adjusting for multiple comparisons, all 

three herd sizes different significantly from one another (Table 9). Herds from Québec 

and the Western provinces had a higher proportion of use of automatic takeoffs than 

herds from Ontario and the Atlantic provinces (P < 0.0001). Herds in Western Canada 

differed significantly from all other regions, and Ontario and Québec different 

significantly from one another (Table 9). There was no association between herd BTSCC 

levels and use of automatic takeoffs (P = 0.93).   

 Post-milking teat disinfection. Post-milking teat disinfection was adopted by 

the vast majority of participants: 97% reported using a post-milking disinfection method 

(Table 3). It was not significantly associated with milking system, herd size, or herd 

BTSCC, likely due to lack of variability. A significant association was seen with region 

using a Fisher’s exact test (P = 0.04) (Table 10), but the effect is not meaningful as all 

regions had between 95 and 99% adoption of this practice. 

 

DISCUSSION 

 

 The provincial distribution, housing system, and milking system among study 

participants was similar to the national population, and compared to non-participant herds, 

participants had a higher milk production but similar milk quality (NDS herds shipped on 
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average 11,000 kg of milk per year more than non-NDS herds, and had an average 

BTSCC lower than non-NDS herds by approximately 14,000 cells/mL only). Although 

the means were significantly different, the distributions or ranges were similar and so 

cover the range of production and BTSCC in the country. Survey participants therefore 

likely represent the Canadian population quite well.  

 The adoption of recommended milking practices varied across farms, with 

markedly different adoption patterns for different practices. Some of the practices, most 

notably the use of a post-milking teat disinfectant, were reported to be widely adopted. 

Other practices, including cleaning gloves with disinfectant and use of a pre-milking teat 

disinfectant were much less widely used. Our findings of the overall adoption of practices 

were similar to previous Canadian studies (Dufour et al., 2011; Reyher et al., 2011). The 

overall adoption of practices including use of gloves, glove disinfection and frequency, 

use of pre-milking disinfectant, teat cleaning and drying methods, use of automatic 

takeoffs and use of post-milking teat disinfectant were comparable to previously reported 

values (Reyher et al., 2011). The only notable difference observed was a higher use of 

fore-stripping in the present study (81% of farms) compared to a 2007-2008 report by 

Reyher et al. (2011) (61%). 

 Findings from this study can shed light on some of the previous findings by Olde 

Riekerink et al. (2008). The differences in IRCM between Western Canadian herds and 

Ontario and Québec herds could be due to differences in adoption of certain milking 

practices, like use of gloves during milking, cleaning gloves, and use of a pre-milking 

disinfectant. Western Canadian herds were overall more likely to adopt the RMPs 

compared to Ontario and Québec herds, which could explain in part why they had a lower 
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mean IRCM (7.6 to 20.2 cases per 100 cow-years vs. 31.6 and 29.7 cases per 100 cow-

years) Olde Riekerink et al., 2008). For example, decreased incidence of mastitis due to 

Staphylococcus aureus has been related to the use of individual towels to dry teats, fore-

stripping during milking preparation, and use of post-milking teat disinfectant (Barkema 

et al., 1999). Similarly, Dufour et al., (2012) found the use of pre-milking teat 

disinfectant was successful in preventing infections from contagious pathogens. However, 

for pre-milking teat disinfectant to prevent new intra-mammary infections, it is important 

to maintain cup hygiene (Barnouin et al., 2004). Still, only 65% of Canadian producers 

surveyed here reported using a pre-milking teat disinfectant, and its use was highly 

associated with milking system, herd size and region. Parlour herds, herds with more than 

80 cows, and herds in Ontario and the Atlantic Provinces reported a higher use of pre-

milking disinfectant than the rest of the herds in the study. There was no significant 

association between use of pre-milking teat disinfectant and herd BTSCC level in this 

study, which may reflect the cross-sectional design of the study.  Participants were not 

asked how long they had been using a pre-milking disinfectant and it is not possible to 

determine if participants were using a pre-milking disinfectant because they had a high 

BTSCC and were looking to control it, or they has a low BTSCC because they have been 

using a pre-milking disinfectant, which might explain the lack of association. 

 The use of gloves during milking, and the use of pre-milking teat disinfectant have 

been shown elsewhere to decrease the incidence of intra-mammary infection (IMI) by S. 

aureus (Dufour et al., 2012). It is possible that herds with specific pathogens issues like 

contagious mastitis, could see an improvement in udder health and IMI incidence if these 

practices are implemented correctly into the milking routine. Over half of the participants 
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report using a pre-milking teat disinfectant, or using udder wash as a method to clean 

teats before unit attachment (Table 3). However, a third of producers reported using just a 

dry wipe or water without disinfectant to clean teats. This is concerning as a key element 

of mastitis prevention is cleaning teats completely before milk harvest to remove bacteria 

that could be present on the skin surface of the teat. This practice is also a required 

element of the Canadian Quality Milk program (CQM; an on-farm food safety program 

created by Dairy Farmers of Canada). Producers must use an approved teat-sanitizing 

product prior to milking. Using a non-disinfectant method to clean teats during milking 

preparation does not ensure the bacteria are being removed and could compromise the 

efforts to prevent new IMI.  

 Studies have also shown the importance of drying teats prior to unit attachment 

(Elmoslemany et al., 2010). Eleven percent of participants in the present survey reported 

not applying this practice (Table 3). The type of towel used for drying was highly 

associated with milking system, region and herd size. Disposable paper towels were more 

likely to be used by tie-stall herds, small to medium size herds, and herds from the 

province of Québec, while reusable cloth towels were more likely to be used in parlours, 

larger herds and herds from all other provinces but Québec. These findings might be 

explained by looking at the distribution of milking systems across the country (Table 12). 

Québec has the majority of tie-stall herds, and using disposable towels is a more practical 

way to dry teats as producers do not have to carry containers with clean and dirty towels 

while moving milking units through the barn. Larger herds were mainly parlour herds, 

while small and medium sized herds were more likely to be tie-stall herds (Table 13). The 

farm’s milking system can therefore have a significant impact on which practices are 
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adopted or not on farms across the country, as the type of milking systems are vastly 

different across regions and herd sizes (tie-stalls predominant in Ontario and Québec, 

free-stalls predominant in Western Canada and Atlantic provinces). 

 While fore-stripping is important to decrease the incidence of contagious 

pathogens, it also plays a role during milking preparation to stimulate milk letdown and 

identify animals with clinical mastitis infections. Stimulation of the teats leads to the 

release of oxytocin, which results in expulsion of milk from the udder (Bruckmaier and 

Blum, 1996). This is important for complete milk-out as well as preventing teat damage 

and hyperkeratosis, and it is a mandatory practice in Canada under the CQM program. 

Producers are required to inspect the milk of each cow before it can be added to the bulk 

tank. However, a significant proportion of Canadian producers did not forestrip during 

milking preparation (~19%), and are therefore not complying with mandatory practices. 

This in turn can potentially lead to producers missing cows with clinical signs of 

infection, increased SCC in milk, and risk of transmission of contagious pathogens. We 

did not observe any specific associations between farm characteristics and the inclusion 

of fore-stripping into the milking routine. 

  Dufour et al. (2011) found in their review that a properly adjusted milking unit, as 

well as use of automatic take-offs, were essential practices during milking and had an 

impact on SCC. Over-milking also causes teat tissue damage or injury, which can have 

long-term consequences on udder health of older cows. Studies suggest that over-milking 

should be minimized as much as possible to preserve teat-end health (Edwards et al, 

2013). Yet, over 20% of participants here reported not using automatic takeoffs at all. 

 Pre-milking teat preparation is only successful in preventing IMI when carried out 
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properly and if all the elements are used together to ensure proper teat hygiene. The 

effectiveness of the practices is diminished when one or more of the aforementioned 

practices are not utilized properly or at all. Therefore, it is important for producers to 

implement a complete and correct routine to maximize their preventive efforts against 

mastitis. 

 Overall, the majority of Canadian dairy producers seem to comply with most 

of the recommendations for milking preparation practices. However, some key elements 

of milking routines that are important for mastitis prevention are not adopted as widely as 

others (pre-milking teat disinfectant, fore-stripping, use of automatic takeoffs), even 

though most of the milking practices are relatively inexpensive and can easily be 

implemented on farm. It would be helpful to explore the reasons why producers choose to 

adopt or ignore recommended milking practices (e.g. lack of knowledge, lack of 

motivation, perceived efficacy, perceived mastitis risk). 
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Table 1. Number and proportion of total National Dairy Study 2015 participant herds from each Canadian province compared to all 
Canadian dairy herds. 

 AB BC MB NB NF NS ON PEI QC SK Total 

Number of participating herds 59 
(4.9%) 

49 
(4.1%) 

47 
(3.9%) 

28 
(2.4%) 

6 
(0.6%) 

29 
(2.4%) 

420 
(35.2%) 

27 
(2.3%) 

515 
(43.1%) 

13 
(1.1%) 

1193 

Number of herds licenced to 
sell milk in each province1 

547 
(4.7%) 

437 
(3.7%) 

299 
(2.6%) 

206 
(1.8%) 

32 
(0.3%) 

225 
(1.9%) 

3,834 
(32.8%) 

174 
(1.5%) 

5,766 
(49.4%) 

163 
(1.4%) 11,683 

1 Source: Statistics Canada and Canadian Dairy Commission  
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Table 2. Comparison of yearly volume of milk shipped and bulk tank somatic cell count 
(BTSCC) between participants of the National Dairy Study 2015 and non-participants. 

 Mean yearly volume of milk 
shipped (kg) (95%CI) 

(1st quartile – 3rd quartile) 
 

BTSCC May 2015 
(cells/mL) (95%CI) 

(1st quartile – 3rd quartile) 
 

NDS herds  
(N = 1,342) 

67,474 (66,441 – 68,506) 
(30,428 – 76,002) 

191,840 (186,850 – 196,829) 
(131,000 – 238,000) 

Non-NDS herds  
(N = 10,341)2 

56,011 (55,718 – 56,303) 
(26,573 – 62,488) 

206,212 (204,413 – 208,010) 
(140,000 – 260,000) 

T-test  
P value <0.001 <0.001 

2 Source: Provincial milk marketing boards 
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Table 3. Proportion of adoption of recommended milking practices of 1,342 participants 
of the National Dairy Study 2015 (n represents the number of respondents who answered 
that question) 

Recommended practice Proportion (%) SE 95% CI 

How many milkers wear gloves? (n=1014) 
All milkers 
Some milkers  
None of the milkers 

 
63.6 
20.8 
15.6 

 
1.6 
1.3 
1.2 

 
60.4 – 66.6 
18.3 – 23.6 
13.4 – 18.1 

Do you clean gloves?(n=863) 
Yes 
No 

 
73.9 
26.1 

 
1.6 
1.6 

 
70.7 – 76.9 
23.1 – 29.3 

How often do you clean gloves? (n=685) 
Only when dirty 
Regularly but not between each cow 
Between each cow 

 
58.9 
33.8 
7.2 

 
1.9 
1.8 
1.0 

 
55.1 – 62.6 
30.3 – 37.5 

5.7 – 9.6 
How do you clean your gloves? (n=679) 

With water 
With a disinfecting solution 
Other 

 
45.0 
41.9 
13.1 

 
2.0 
1.9 
1.3 

 
41.2 – 48.9 
38.2 – 45.8 
10.7 – 15.9 

Do you use a pre-milking teat disinfection? 
(n=1029) 

Yes 
No 

 
 

64.4 
35.6 

 
 

15.7 
15.7 

 
 

61.3 – 67.4 
32.6 – 38.7 

Do you forestrip?(n=1033) 
Yes 
No 

 
81.7 
18.3 

 
12.7 
12.7 

 
79.1 – 84.0 
15.9 – 20.9 

How do you clean teats? (n=1040) 
Dry wipe 
Predip 
Udderwash 
Clean water 
Disinfecting wipe 
Other 
No clean 

 
22.4 
52.7 
27.1 
13.9 
8.9 
5.0 
0.3 

 
13.7 
16.4 
14.6 
0.39 
0.93 
0.72 
0.19 

 
19.8 – 25.2 
49.5 – 55.9 
24.4 – 30.1 
13.1 – 14.7 
7.2 – 10.9 
3.8 – 6.6 
0.1 – 1.0 

How do you dry teats before unit attachment? 
(n=1033) 

Disposable paper towel 
Reusable cloth towel 
Do not dry teats 
Other 

 
 

59.2 
25.2 
11.4 
4.3 

 
 

1.6 
1.4 
1.0 
0.7 

 
 

55.9 – 62.3 
22.5 – 28.1 
9.5 – 13.6 
3.2 – 5.8 

Do you use the same towel for multiple cows 
during a given milking? (n=877) 

Yes  
No 

 
 

8.37 
91.6 

 
 

0.97 
0.97 

 
 

6.7 – 10.5 
89.5 – 93.3 

When do you use automatic takeoffs? 
(n=1034) 

All cows 
Some cows 
None of the cows 

 
 

68.0 
9.22 
21.7 

 
 

16.2 
1.0 
1.4 

 
 

64.7 – 71.1 
7.4 – 11.4 

19.0 – 24.7 
Do you use a post-milking teat disinfection? 
(n=1047) 

Yes 
No 

 
 

96.8 
3.15 

 
 

0.61 
0.61 

 
 

95.4 – 97.8 
2.2 – 4.6 
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Table 4. Simple associations between glove use and milking system, herd size, region 
and bulk tank somatic cell count in 1,342 herds participating in of the National Dairy 
Study 2015. 
 
  Do milkers wear gloves during milking? 

No milkers 
% (N) 

Some milkers 
% (N) 

All milkers 
% (N) 

P-value 

Milking system 
Tie-stall 
Parlour 
Total 

 
16% (101) 
14% (45) 
16% (146) 

 
23% (143) 
17% (52) 
21% (195) 

 
61% (382) 
69% (212) 
63% (594) 

0.05 

Herd size 
<37a 

37-80a-b 

>80b 

Total 

 
19% (55) 
16% (68) 
11% (23) 
16% (146) 

 
19% (55) 
23% (101) 
17% (39) 
21% (195) 

 
62% (174) 
61% (263) 
72% (158) 
64% (595) 

0.02 

Region 
Ontarioa 

Québeca 

Atlantica 

Westerna 

Total 

 
20% (65) 
12% (52) 
17% (12) 
14% (17) 
16% (146) 

 
21% (69) 
23% (94) 
12% (9) 
19% (23) 
21% (195) 

 
59% (191) 
65% (272) 
71% (52) 
67% (80) 
63% (595) 

0.05 

Bulk tank somatic cell 
count 

< 200,000 cells/mL 
≥ 200,000 cells/mL 
Total 

 
 

14% (80) 
19% (66) 
16% (146) 

 
 

22% (123) 
19% (72) 
21% (195) 

 
 

64% (399) 
62% (196) 
63% (595) 

 
0.02 

a-bFor herd size and region, levels with different superscripts differed significantly after 
Bonferroni-Sidak adjustment for multiple comparisons. 
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Table 5. Simple associations between glove hygiene milking system, herd size, region 
and bulk tank somatic cell count in 1,342 herds participating in the National Dairy Study 
2015. 
 
  Do milkers clean gloves? 

Yes 
% (N) 

No 
% (N) 

P-value 

Milking system 
Tie-stall 
Parlour 
Total 

 
70% (349) 
88% (230) 
74% (579) 

 
33% (172) 
12% (32) 
26% (204) 

<0.001 

Herd size 
<37 
37-80 
>80 
Total 

 
74% (167) 
71% (257) 
79% (155) 
74% (579) 

 
26% (60) 
29%(104) 
21% (40) 
26% (204) 

0.10 

Region 
Ontarioa-b 

Québeca 

Atlanticb-c 

Westernc 

Total 

 
73% (186) 
68% (249) 
87% (52) 
89% (92) 
74% (579) 

 
27% (70) 
32% (115) 
13% (8) 
11% (11) 
26% (204) 

<0.001 

Bulk tank somatic cell 
count 

< 200,000 cells/mL 
≥ 200,000 cells/mL 
Total 

 
 

75% (385) 
74% (194) 
74% (579) 

 
 

25% (135) 
26% (69) 
26% (204) 

 
0.93 

a-cFor region, levels with different superscripts differed significantly after Bonferroni-
Sidak adjustment for multiple comparisons.  
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Table 6. Simple associations between use of pre-milking teat disinfection and milking 
system, herd size, region and bulk tank somatic cell count in 1,342 herds participating in 
the National Dairy Study 2015. 
 
  Do you use pre-milking teat disinfection? 

Yes 
% (N) 

No 
% (N) 

P-value 

Milking system 
Tie-stall 
Parlour 
Total 

 
58% (360) 
78% (240) 
64% (601) 

 
42% (264) 
22% (68) 
36% (332) 

<0.0001 

Herd size 
<37a 

37-80a 

>80b 

Total 

 
60% (171) 
62% (266) 
75% (164) 
64% (601) 

 
40% (113) 
38% (164) 
25% (55) 
36% (332) 

0.001 

Region 
Ontarioa 

Québecb 

Atlantica 

Westernb 

Total 

 
75% (242) 
54% (225) 
82% (60) 
62% (74) 
64% (601) 

 
25% (80) 
46% (193) 
18% (13) 
38% (46) 
36% (332) 

<0.0001 

Bulk tank somatic cell 
count 

< 200,000 cells/mL 
≥ 200,000 cells/mL 
Total 

 
 

64% (387) 
64%(214) 
64% (601) 

 
 

36% (214) 
36% (118) 
36% (332) 

 
0.83 

a-bFor herd size and region, levels with different superscripts differed significantly after 
Bonferroni-Sidak adjustment for multiple comparisons. 
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Table 7. Simple associations between forestripping during milking preparation and 
milking system, herd size, region and bulk tank somatic cell count in 1,342 herds 
participating in the National Dairy Study 2015. 
 
  Do you forestrip? 

Yes 
% (N) 

No 
% (N) 

P-value 

Milking system 
Tie-stall 
Parlour 
Total 

 
82% (513) 
81% (249) 
82% (762) 

 
18% (112) 
19% (58) 
18% (170) 

0.72 

Herd size 
<37 
37-80 
>80 
Total 

 
82% (234) 
82% (353) 
80% (175) 
82% (762) 

 
18% (50) 
18% (78) 
20% (43) 
18% (171) 

0.82 

Region 
Ontario 
Québec 
Atlantic 
Western 
Total 

 
82% (264) 
83% (345) 
86% (63) 
75% (90) 
82% (762) 

 
18% (58) 
17% (73) 
14% (10) 
25% (30) 
18% (171) 

0.18 

Bulk tank somatic cell 
count 

< 200,000 cells/mL 
≥ 200,000 cells/mL 
Total 

 
 

80% (483) 
84% (279) 
82% (762) 

 
 

20% (119) 
16% (52) 
18% (171) 

 
0.13 
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Table 8. Simple associations between teat-drying methods during milking preparation 
and milking system, herd size, region and bulk tank somatic cell count in 1,342 herds 
participating in the National Dairy Study 2015. 
 
    How do you dry teats prior to milking? 

Disposable 
towel 
% (N) 

Reusable 
towel 
% (N) 

Do not dry 
% (N) 

Other 
% (N) 

P-value 

Milking system 
Tie-stall 
Parlour 
Total 

 
72% (449) 
34% (103) 
59% (552) 

 
11% (70) 
54% (165) 
25% (235) 

 
13% (82) 
8% (24) 

12% (106) 

 
4% (25) 
4% (14) 
4% (39) 

<0.0001 

Herd size 
<37a 

37-80a 

>80b 

Total 

 
69% (197) 
63% (273) 
37% (82) 
59% (552) 

 
13% (36) 
20% (87) 
51% (112) 
25% (235) 

 
12% (35) 
13% (54) 
8% (17) 

12% (106) 

 
6% (16) 
4% (16) 
4% (8) 
4% (40) 

<0.0001 

Region 
Ontarioa 

Québecb 

Atlantica 

Westerna 

Total 

 
46% (148) 
78% (326) 
37% (27) 
42% (51) 
59% (552) 

 
38% (122) 
6% (27) 
49% (10) 
42% (50) 
25% (235) 

 
9% (29) 
14% (57) 
8% (6) 

12% (14) 
12% (106) 

 
7% (23) 
2% (8) 
6% (4) 
4% (5) 
4% (40) 

<0.0001 

Bulk tank somatic cell count 
< 200,000 cells/mL 
≥ 200,000 cells/mL 
Total 

 
57% (342) 
63% (210) 
59% (552) 

 
27% (119) 
22% (52) 
25% (235) 

 
12% (70) 
11% (36) 
12% (106) 

 
4% (26) 
4% (14) 
4% (40) 

0.30 

a-bFor herd size and region, levels with different superscripts differed significantly after 
Bonferroni-Sidak adjustment for multiple comparisons. 
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Table 9. Simple associations between use of automatic takeoffs during milking and 
milking system, herd size, region and bulk tank somatic cell count in 1,342 herds 
participating in the National Dairy Study 2015. 
 
 
  Do you use automatic takeoffs for most or all cows? 

Yes 
% (N) 

No 
% (N) 

P-value 

Milking system 
Tie-stall 
Parlour 
Total 

 
70% (480) 
94% (321) 
78% (801) 

 
30% (201) 
6% (19) 

22% (220) 

<0.0001 

Herd size 
<37a 

37-80b 

>80c 

Total 

 
61% (190) 
80% (376) 
98% (240) 
78% (806) 

 
39% (123) 
20% (92) 
2% (6) 

22% (221) 

<0.0001 

Region 
Ontarioa 

Québecb 

Atlantica-b 

Westernc 

Total 

 
70% (247) 
82% (379) 
70% (57) 
92% (123) 
78% (806) 

 
30% (104) 
18% (82) 
30% (24) 
8% (11) 

22% (221) 

<0.0001 

Bulk tank somatic cell 
count 

< 200,000 cells/mL 
≥ 200,000 cells/mL 
Total 

 
 

81% (583) 
81% (346) 
81% (929) 

 
 

19% (138) 
19% (83) 
20% (221) 

0.93 

    
a-cFor herd size and region, levels with different superscripts differed significantly after 
Bonferroni-Sidak adjustment for multiple comparisons. 
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Table 10. Simple associations between use of post-milking disinfectant after milking and 
milking system, herd size, region and bulk tank somatic cell count in 1,342 herds 
participating in the National Dairy Study 2015. 
  Do you use post-milking disinfectant? 

Yes 
% (N) 

No 
% (N) 

P-value 

Milking system 
Tie-stall 
Parlour 
Total 

 
97% (604) 
97% (299) 
97% (903) 

 
3% (19) 
3% (9) 
3% (28) 

0.91 

Herd size 
<37 
37-80 
>80 
Total 

 
96% (272) 
98% (420) 
96% (212) 
97% (904) 

 
4% (10) 
2% (10) 
4% (8) 
3% (28) 

0.53 

Region 
Ontarioa 

Québecb 

Atlantica-b 

Westerna-b 

Total 

 
95% (308) 
99% (412) 
96% (70) 
96% (114) 
97% (904) 

 
5% (15) 
1% (5) 
4% (3) 
4% (5) 
3% (28) 

0.04* 

Bulk tank somatic cell 
count 

<200,000 cells/mL 
≥ 200,000 cells/mL 
Total 

 
 

98% (585) 
96% (319) 
97% (904) 

 
 

2% (14) 
4% (14) 
3% (28) 

 
0.11 

*Fisher’s exact test 
a-bFor region, levels with different superscripts differed significantly after Bonferroni-
Sidak adjustment for multiple comparisons.  
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APPENDIX 

Supplementary materials: 

Table A1. Average production values per province for NDS 2015 Phase I participants 

Province Average Total 
Milk/month (kg) 

Average fat 
(%) 

Average 
protein (%) 

Average BTSCC 
(cells/mL) 

British 
Columbia 

(n=49) 
124,343 3.97 3.33 157,835 

Alberta 
(n=59) 120,340 4.02 3.29 174,634 

Saskatchewan 
(n=13) 114,082 3.88 3.33 314,100 

Manitoba 
(n=47) 150,027 3.96 3.33 232,175 

Ontario 
(n=420) 67,123 4.09 3.34 210,711 

Québec 
(n=515) 47,141 4.16 3.38 197,951 

New 
Brunswick 

(n=28) 
62,581 4.08 3.31 181,231 

Newfoundland 
(n=6) Not available 3.97 3.16 207,898 

Nova-Scotia 
(n=29) 49,932 4.09 3.28 179,798 

PEI 
(n=27) 68,732 4.10 3.27 157,865 
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Table A2. Number and proportion of herds with different milking system types in 
different regions of Canada 

 Region 

Milking 
system Ontario Québec Atlantic (NB, 

NS, NL, PEI) 
Western (BC, 
AB, SK, MB) 

P-value 

Pipeline 
(Tie-stall) 21% (214) 41% (415) 3% (30) 2% (22) <0.0001 

Parlour 13% (135) 4% (43) 5% (51)	 11% (111)	  

Total 34% (349) 45% (458) 8% (81)	 13% (133)	  
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Table A3. Number and proportion of herds with different milking system types by herd 
size. 

Milking 
system Herd size  

 <37 cows % (N) 37-80 cows % (N) >80 cows % 
(N) P -value 

Pipeline 
(Tie-stall) 

 

39% (263) 

 

55% (371) 

 

7% (47) 

<0.0001 

Parlour 14% (47) 28% (95) 58% (198)  

Total 30% (310) 46% (466) 24% (245)  
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CHAPTER FOUR: “If it ain’t broke, don’t fix it”: Ontario dairy farmer attitudes 

and perceptions towards implementing recommended milking practices. 
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ABSTRACT 

Recommended milking practices (RMPs) are protective against mastitis. 

However, many producers do not adopt, or only partially adopt, these measures. This 

study aimed to explore the attitudes and perceptions of Ontario dairy farmers towards 

barriers for implementation of RMPs, and to investigate what motivates behavior change 

in relation to milking hygiene. Four focus groups with Ontario dairy producers were 

conducted and verbatim transcripts analyzed thematically. Identified main barriers to 

adoption of RMPs were categorized into two: physical barriers and intrinsic barriers. 

Physical barriers included employee training and compliance, convenience of 

implementing RMPs, and time, money and labor barriers. Intrinsic barriers included 

personal habits and/or convenience, not perceiving udder health as a priority on their 
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farm, and lack of information. Producers used their bulk tank somatic cell count (SCC) as 

a measure of perceived severity of udder health problems on farm. Those with lower SCC 

were less likely to prioritize udder health compared to peers experiencing elevations in 

SCC. The lack of udder health problems translated for some producers into non-adoption 

of certain RMPs, as they felt they were not needed unless an issue arose. Others felt 

motivated to implement more practices and work towards better udder health if it 

translated into rewards for better quality milk. Alternately, some producers perceived 

RMPs as not meaningful or useful seemingly due to a lack of education about the reasons 

behind RMPs implementation. Understanding the importance of these practices is one 

key to implementing them. Hence, to overcome some of the intrinsic barriers, increased 

efforts in knowledge translation are needed, including efforts in re-training current 

practices, as well as establishing best practices. 

 

Keywords: mastitis, milking practices, barriers, attitudes 

 

INTRODUCTION 

Mastitis (both clinical and subclinical) remains a considerable problem in 

Canadian dairies. For example, Olde Riekerink et al. (2008) reported the incidence of 

clinical mastitis in herds across all ten Canadian provinces ranged from 0.7 to 97.4 cases 

per 100 cow-years. Mastitis affects the producers’ profits directly and indirectly: cows 

with clinical mastitis often have to be treated and their milk has to be discarded; cows 

with subclinical mastitis subsequently have lowered production compared to their healthy 

counterparts. For these reasons, mastitis is one of the most costly diseases to the dairy 
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industry (Reneau and Packard, 1991). A large part of mastitis control lies in prevention 

through effective milking management and hygiene. Recommended milking practices 

(RMPs) are a set of practices that were consistently found in the literature to be 

associated with lower SCC, lower clinical mastitis incidence, or lower intra-mammary 

infection rate. They include wearing gloves at the time of milking, utilizing individual 

cow towels to wipe the udders, and using a post-milking teat disinfectant (Barkema et al., 

1999; Dufour et al., 2012). While these practices protect against mastitis, many producers 

still do not adopt, or only partially adopt these measures (Steeneveld et al., 2014), despite 

their benefits being widely disseminated to producers. For example, the National Mastitis 

Council (NMC) created a 10-point recommended mastitis control program based on 

research findings regarding RMPs, and published guidelines for producers to follow (can 

be found online at: https://www.nmconline.org/docs/NMCchecklistInt.pdf ). 

 Dairy Famers of Canada (DFC) established a set of recommendations for milking 

management and milk quality for Canadian dairy farmers through the Canadian Quality 

Milk (CQM) program. This mandatory program requires farmers to have written 

Standard Operating Procedures (SOP) for their milking protocols, to monitor and record 

antimicrobial use and cow treatments to reduce the possibility of antimicrobial residues in 

the milk, as well as to properly sanitize their milking equipment to ensure the highest 

level of milk quality (DFC, 2015). Under CQM guidelines, producers are required to 

“clean, sanitize and dry teats […] and use an approved teat sanitizing product and use it 

according to the label directions” (DFC, 2015). These are the only mandatory guidelines 

under the program. Producers are free to develop the rest of the milking protocol based 

on their needs or preferences. Previous Canadian research demonstrated significant 
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variation in the level of adoption of the different recommended practices (Dufour et al., 

2010). Furthermore, it was found that 27% of producers do modify their milking 

procedures (i.e. implement new practices, let go of some existing practices) in a six 

month period (Dufour et al., 2010). Producers’ behaviors, and decisions to follow 

management guidelines or recommendations, are influenced by several factors including: 

attitude, knowledge, opinion, beliefs, and skills, among others (Leeuwis and van den Ban, 

2004; Rehman et al., 2007; Pratt and Bowman, 2008). 

  Jansen et al (2010) explored the perceptions and motivations among farmers in 

the Netherlands described as “hard-to-reach”. This group of farmers was found to not 

necessarily lack the knowledge they needed to deal with issues like mastitis, but rather 

the motivation or will to change. Researchers found farmers’ lacked motivation when 

they perceived the problem was not serious enough to need intervention (Jansen et al., 

2010). They also reported that behavioral change may be most improved by effectively 

communicating with each type of “hard-to-reach” farmer by tailoring the way 

information or advice is delivered, instead of using the same communication strategy 

with every type of producer (Jansen et al., 2010).  Two theories of behavior change can 

be used to explain why recommended measures are not always adopted: the Theory of 

Planned Behavior (TBP) and the Health Belief Model (HBM).  Behavior is mediated by 

cognitions; knowledge is necessary, but not sufficient to produce behavior change. 

Perceptions, motivations, skills and social environment are also key influences on 

behavior (NIH, 2005).  
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The objectives of this study were to explore the attitudes and perceptions of 

Ontario dairy farmers towards barriers for implementation of RMPs, and to investigate 

what motivates behavior change in relation to milking hygiene. 

 

METHODS 

Approval for the study was obtained through the Research Ethics Board at the 

University of Guelph (REB#15DC026). All participants provided informed, written 

consent. 

Four focus groups were conducted with dairy producers residing in southwestern 

Ontario, Canada, in April 2016. The sampling frame used for participant recruitment 

consisted of producers who participated in the Phase 1 Questionnaire of the National 

Dairy Study (NDS) 2015, who agreed to provide their contact information for further 

phases of the study, and owned or leased milk quota in the province of Ontario. The focus 

groups were conducted in the towns of Stratford, Woodstock, Kirkton and Elmira. These 

locations were selected based on proximity to the largest number of dairy farms, and 

having a driving distance from farms of less than 20 minutes. 

All producers meeting the inclusion criteria were sent a recruitment letter and consent 

form describing the details and objectives of the study. Between one and two weeks later, 

participants were recruited via telephone calls. Eight to ten producers were recruited for 

each focus group to help ensure a minimum attendance of six producers. A $100 

honorarium was paid to all participants for their participation.  

A semi-structured questioning guide (Appendix 1) was developed by the research team 

and then reviewed by five individuals who had experience working with dairy producers. 
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The questions were designed to explore producers’ perspectives on the relative 

importance and priority of mastitis (compared to all diseases/issues) on their respective 

farms, which milking practices they considered most important, in which situations they 

would consider making a change in their milking routine, their thoughts on barriers to 

implementing some of the RMPs on their farms, and what would motivate them, and 

potentially other dairy producers, to make changes to improve udder health. 

A trained moderator (graduate student with previous experience in focus group 

methodology) facilitated all four focus groups and an assistant made written notes of the 

discussion and group dynamics. Debriefing between the moderator and assistant was 

conducted immediately after the focus group. Field-notes and audio-transcripts were kept 

to ensure reliability of the data and for audit purposes. Each focus group was 

approximately 90 minutes in length, and was audio-recorded and professionally 

transcribed verbatim to facilitate analyses. Transcripts were double-checked against the 

original audio-recordings for accuracy. Square brackets are used in quotes to provide 

missing context.  

The data were analyzed using thematic analysis, as described by Braun and Clarke (2006) 

and using an inductive and deductive approach (Creswell, 2013). The author read and re-

read the transcripts to immerse herself in the data. A research log was used to record 

notes and reflections from the focus groups and analysis of the data. Transcripts were 

coded as follows: initially the data was coded line by line, and then the codes were 

refined and a codebook was assembled to define the meaning for each code. Transcripts 

were re-coded a final time using the codebook. Codes were then expanded and collapsed 

into themes, which were further refined to ensure they reflected the entirety of the dataset 
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(Braun & Clarke, 2006). These themes were then clustered into larger central themes. 

Themes were then refined and rearranged until a thematic map was found to accurately 

reflect the focus group discussions.  

RESULTS 

A total of 29 dairy producers (26 males and 3 females), participated in the focus groups. 

Herd size among participants ranged from 25 cows to 220 cows.  

Two central themes were defined during the analysis of the four focus groups: (1) 

Barriers to adoption of RMPs, and (2) Motivations to improve udder health. The thematic 

map illustrating the themes and subthemes identified is described under Figure 1. 

Theme 1: Barriers to adoption of recommended milking practices. Participants’ 

perceptions of barriers were classified into two central themes: intrinsic barriers and 

physical resources. 

 Intrinsic barriers consisted of: (1) difficulty of changing habits and routines, (2) 

producer perception of a “good” SCC as an indicator of issues, (3) producer perception of 

mastitis as a problem on their farm and its priority relative to other issues on-farm, and 

(4) producer misconceptions or lack of information about RMPs. Each is further 

discussed below. 

Difficulty of changing habits and routines 

All focus groups identified habits and routine as an important part of milking 

management, both in good ways and as potential barriers to adopting RMPs. For 

participants who were already implementing RMPs, habits perpetuated proper milking 

hygiene. As one participant said: “It’s like ABCs in school. It’s so simple, strip, wipe – 
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dip well and wipe cleanly.” However, for other participants who did not adopt RMPs, 

habits were a barrier to RMP adoption:  

“Since I started milking cows, like I was tall enough to reach them, this is how 

we’ve done it. And a problem comes up like mastitis […] you change something a 

little bit and then once it’s fixed you go back to this […] I’ve done it the same 

way for six or seven years and that’s it.” 

Participants discussed how their personal routines work for them, even though they may 

vary in the degree of implementation of RMPs: 

“Every farm is different, right? [Pointing to participants] Like the way you’re 

doing it [milking routines] and the way you’re doing it, the way you’re doing it, 

everybody does it differently here.” 

 

Perception of good SCC as an indicator of issues 

Some producers did not perceive mastitis as a serious problem warranting changes to 

milking practices until their bulk tank SCC was above a certain threshold: “I don’t wear 

gloves and my somatic cell’s good, so I guess if I run into trouble I’d probably start 

looking for things to do.” In this way, the prescribed 400,000 cells/ml penalty acts as a 

barrier to utilizing recommended practices, as some farmers stated that unused 

recommended practices would not be implemented if farmers were satisfied with their 

SCC scores, and one producer said that he overheard another farmer saying,  “if it's not in 

the penalty range I'm happy”, and therefore would be unlikely to change his practices. 

Another participant similarly stated: “wherever the penalty level is, that’s where some 

producers are going to be. Just as long as they’re under, you don’t care.”  
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Relative priority of mastitis issues on farm 

RMPs are an important part of mastitis prevention, proper milking management is 

important to maintain good udder health in the herd. Participants were unlikely to 

incorporate additional RMPs into their routine if they were not currently prioritizing 

issues with mastitis on their farm. Mastitis was viewed variably in terms of participants’ 

priorities. To some, udder health was a very high priority because they felt without good 

udder health, they would see more problems in other areas: “I’d rank it [udder health] 

pretty high. If you have problems with that, you’re going to have all kinds of other 

[problems]”. These participants incorporated more of the recommended milking practices 

into their described SOPs. Others did not prioritize mastitis prevention because it was not 

currently an issue on their farms, but still perceived it as important: 

“I think historically it’s probably been the number one issue in dairy farming all 

along. That being said, I don’t think it is anymore. In our farm it’s not. It’s not the 

highest thing that I’m paying the most attention. Feet are the biggest problem, 

right, like significantly higher than mastitis for us.” 

Similarly, some participants did not perceive udder health as an issue and this influenced 

the adoption of RMPs: “If your somatic cell count is fine [under the penalty level], then 

don't worry about it [wearing gloves]” or “If it [the milking routine] ain’t broke, don’t fix 

it”.  Hence, producers did not always prioritize mastitis itself, but rather their SCC, and 

possibly also the penalty if they are close to the limit. 

Misconceptions or lack of information about RMPs 

In some focus groups, the reasons behind participants not adopting certain practices were 

related to lack of knowledge or misconceptions about RMPs.  For instance, one 
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participant discussed hearing peers not wanting to fore-strip during their milking routine, 

as they believed it causes more mastitis. Another felt fore-stripping was a “waste of 

time”. One participant further commented on the role of education on producers’ not 

adopting RMPs: “Yeah, I don't know how you solve the problem across the industry, but 

education is one start and some of those people might not even listen, right?” 

Similarly, some participants did not use glove disinfection, as they believed gloves were 

being disinfected throughout the milking routine:  

“Something had been mentioned to me once that, you know, you should maybe 

disinfect the gloves, in between a few cows or something and I said well, the wet 

wipes have chlorohexidine on it, maybe my glove is being disinfected?”  

“The teat dip does that [disinfects the gloves]”.  

Another example of why participants did not adopt RMPs was the lack of information 

received from advisors: “I don’t think any professionals suggested to do anything with 

gloves that I’ve talked to.” 

 Physical resource barriers included financial, time, labor barriers, infrastructure, 

convenience, as well as employees and employee training. Each is further described 

below. 

Time, money and labor barriers 

Participants felt time and labor were significant barriers to adopting RMPs. They 

expressed they did not want to spend more time milking than they already had to:  

“Some of these extras, if you’re not getting paid for it, why spend the extra time 

in the barn? I’m 6-7 hours in the barn now, like why spend 2 more hours in the 

barn if your milk’s good quality, good enough.” 
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Labor was a challenge, especially for smaller operations where only one person is 

working:  

“I run 60 cows by myself, labor is tricky, right? If you have an employee you can 

tell them how to do it and yeah you pay them an extra half an hour, and really, 

what does that add up to at the end of the year, probably not that much, right? But 

for me, I don’t know, I want to get in the house and see my kids before 7:00, 

right? I don’t want to be in the barn until 8:00 at night and they’re in bed, because 

then there’s no sense in farming, that’s how I look at it.” 

Producers also mentioned financial barriers to adopting certain practices, especially the 

use of automatic takeoffs or expensive software, as the initial investment is quite large. 

At the same time, producers recognized there is probably a payback in the long term to 

having these tools. 

Convenience 

One of the reasons mentioned by participants to not adopting RMPs was the convenience 

of the practice. Participants felt including certain practices in their routine would not be 

convenient. For example, regarding the use of a strip cup for collecting and disposing of 

milk, one producer said, “You should use a strip cup. Well, that’s awkward and clumsy”, 

and another said, “[fore-stripping] makes the cows kick”. Others mentioned changing 

their practices to make their routine easier, like switching how they wiped cows’ teats: 

“we’re using these wet wipes, which is like the towels or whatever, just for convenience 

sake” or “I’ll just throw a couple rags over my arm, you know, and it’s just a little more 

convenient”. 

Infrastructure 
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Some participants felt they were not able to implement certain practices into their 

routines due to the current infrastructure on their farms, or because they felt it would not 

otherwise work in their barn. For example:  

“We don’t have a big enough facility to have a washing machine [to wash towels] 

out in the milk house or in utility room.” 

Participants mentioned being willing to change or improve their routine but they could 

not afford to make the large infrastructure changes deemed necessary to do so:  

“Well all of a sudden you’re talking about a $200 thousand or $250 thousand 

[barn] renovation. Well those types of changes are really difficult to make. We’re 

always looking for something that maybe isn’t the full monty … but something 

that’s going to make a change where we really don’t have to tear up or down and 

rebuild.” 

Employees and training 

For participants who had hired employees, getting the employees to perform the RMPs as 

requested was one of the biggest hurdles they had experienced. For example, one 

participant mentioned that training and educating each one of his employees was the 

hardest part about changing the milking protocol:  

“We’ve got about nine different individuals who might end up milking in our 

barn, so education becomes one of the biggest hurdles when you’re making a 

change, because you’ve got to work with each one of those nine individuals and 

you’ve got to bring them up to speed on how you want to make the change.” 

Participants described this being an even larger issue for those employees who already 

had milking experience:  
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“Well, she came from non-dairy background, but she’d worked at various places... 

people that think they have lots of experience and know how to do things aren’t as 

easy to train as those that have no experience.”  

“He was told what to do, but then got in there and did it his way.”  

Participants also felt bringing change into the routine and changing employees’ routines 

was a barrier. For example:  

“You want to change your own habit, try and changing your employees' habits, 

right? It's another task in itself”;  

“It’s very hard to switch, you go back. Whenever I have relief milkers, you tell 

them how to do and they do it and two milkings later, they go do it whatever way 

they want.”  

One of the participants even mentioned he would like to have an educational tool to make 

training easier: “I’d love to have a training video.... That shows a way, like that you could 

substitute 100 different ways of doing things [during milking] but build it so that it shows 

the way that you’re doing it.” 

Theme 2: Motivations to improve udder health.  

Participants described several factors that would motivate them or their peers to adopt 

RMPs. These were categorized as intrinsic motivations and extrinsic motivations. 

 Intrinsic motivations. Participants identified three factors that would intrinsically 

motivate them or their peers to improve udder health: pride and the satisfaction of a job 

well done, having healthy animals as a result of less mastitis, and the influence of their 

peers and education. 

Pride and satisfaction of a job well done 
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Participants felt their own pride was a strong motivation to adopt RMPs and achieve high 

udder health: “Well, you also have pride and you want to do as good a job as possible”. 

Other participants agreed: “To me it’s personal. I mean you want to do the best you can”; 

“We're paid -- we have the highest price in the world, we better have the best milk in the 

world.” 

One participant talked about the feelings of failure associated with not being able to ship 

some of the milk: “It makes you feel like you failed if you can’t put that milk in the tank, 

you know. It’s a bad day for you. Really, it is. What it comes down to: you don’t feel 

good about what you did...” 

One of the participants discussed the importance of accountability: “I think just the fact 

we are consuming this product ourselves too. Should be a motivation for producing our 

milk. If we are not consuming ourselves, we better start.” Other participants in the group 

supported this reasoning. 

Healthy animals 

Several participants felt the reward of having healthy animals was a great motivation to 

improve udder health on their farms. As one participant explained: “To see a better 

looking animal, just the overall appeal of it to me is very satisfying. I don’t really know 

how to word that.”  Another producer commented: “Life is easier in the barn when the 

cows are healthy.” 

A producer also discussed how mastitis affected the animals in the long-term, as some are 

more susceptible to recurrent cases of mastitis, and how preventing illness was a 

motivation to improve udder health: “it always seems that, not all cases, but whenever 
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they have mastitis, it damages them for life. If you can avoid that, then you remove that 

possibility of being unhealthy.”  

Peer influence and education  

The influence of successful peers motivated participants to improve udder health and 

follow recommended procedures. As one producer explained:  

“You always listen to your peers. Like [A] Farms, they’re always doing a good 

job [production and SCC wise]. It’s always interesting to hear what those guys 

have to say. So yeah, you’re looking for people that are doing a really good job 

right now, so like the top management herds in Ontario.” 

Another participant agreed: “Yeah, if they had good success I like to follow the 

successful people.” There was widespread agreement within and between groups about 

the importance of peer influence in motivating change with respect to RMPs.  

Other participants talked about the influence of producer meetings and producer ideas on 

their own management:  

“We probably went through the biggest number of changes when we were 

involved in a management [seminar]. It was a group of about 20 or 25 farmers. I 

think DHI put them on. And that group of guys would have a speaker come in, 

have a topic, and then we’d discuss things like mastitis, prepping, transition cows, 

and just listening to what other people had to say. Well, it was like today. 

Everybody’s got a different way of doing things. And if you can come away with 

one good idea from each one of those meetings and implement it [in the milking 

routine], it works out very good.”  
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In this way farmers were learning proper milking protocols from each other, creating an 

environment that encourages the use of RMPs. 

One participant talked about how increased awareness and knowledge would be a 

motivation to improve his udder health management: “I think it has to start with the 

farmer to know why. If I knew a better way to make the cows let their milk down better, I 

would do it, if it proved itself to be true, then we would do it”.  

A participant from a different group had similar thoughts:  

“To have basic understanding of how the udder works and why… like what works 

and what doesn’t work and why, and maybe a bit of the mechanics behind it, yeah 

it always adds to reinforce the learning curve or the learning process.” 

 

Another producer explained how participating in educational meetings motivated him to 

think back on his current practices and re-evaluate them: 

“I had one [meeting] that somebody organized and there was a really good 

speaker, and he had explained how everything works, so like inside the udder, you 

know, what gets milk flow going and how does the little sphincter muscle and teat 

end work, and you know, why milking routines are important and for what reason 

and how it affects. And it even just sometimes you know you go to ‘Hey I know it 

all’, you know but just refreshing your mind sometimes help, you know, ‘Oh yes I 

did know that but I wasn’t doing it that way’, you know those kind of things.” 

Similarly, another producer mentioned how important remembering or being aware of the 

basics could influence his milking management: 
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“I think it’s good for us too. Like I know when I take my youngest boy with me, 

he’s six right, he’ll come and milk with me and be like ‘Why do you do that dad?’ 

I’m like ‘Yeah, why do I do that?’ And sometimes they’re right, like, they’ll come 

up with ideas and it’s like ‘You know what?’ Like sometimes the basic things is 

what we actually forget.” 

 Extrinsic motivations. Participants mentioned penalties and regulations, 

incentives or economic reward, and ease of job, as factors that would extrinsically 

motivate them to adopt RMPs. 

 Penalties and regulations 

Participants discussed penalties and the threat of being suspended from producing milk as 

motivators to adopt RMPs to decrease SCC on their farm. As one producer explained: 

“I'm sure that having penalties motivates someone to not have a penalty”. Another 

participant echoed this thought and felt if the marketplace required higher quality milk or 

lower somatic cell count, producers would have to comply with the consumer demand 

and “adapt or get out”. 

 Incentives or economic reward 

Some producers felt an economic incentive for lower SCC would strongly motivate them 

or other producers to adopt RMPs: “If we’d be getting financial incentives for having our 

SCC average lower, I think we’d put in the effort, even though the numbers are actually 

dictating already that we are at an economic loss by battling with SCC”.  

This thought was echoed by several other participants:  

“If they pay us for 100,000 somatic cell, we will be at 80,000.”  
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“You could pay the premium if your milk is to their point. We could all be there if 

they would pay us, we would change.” 

Other producers perceived there was already an economic advantage to implementing 

RMPs: 

“To do a better job there’s always economic reward. You may not be able to see it 

right at the beginning, and that’s basically just a case of making sure you’re 

tracking your economics very carefully, because you can actually see a difference 

in your bottom line if you’re doing a better job. If you’re getting more milk per 

cow and your cows are healthier, their dry matter intakes are better, the cows get 

bred back better, they don’t have near as many feet problems and everything.” 

 Good udder health makes for easier work 

Participants mentioned making work easier was a motivation to adopt RMPs to improve 

udder health: 

“It’s more pleasant to work with. I mean if you have a cow that has mastitis or 

high cell count, you know, if you had to keep a quarter separate or if you had to 

strip her... It’s a pain to carry that message along to whoever is milking, right?” 

This sentiment was echoed by participants in other groups: “fewer problems, there’s 

something to be said for that.” 

 

DISCUSSION 

Although physical barriers were an important limitation to the adoption of some 

RMPs among participants in this study, this discussion will center primarily on the 
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intrinsic barriers, as the latter are more difficult to address, but can be targeted and 

reduced by the industry through knowledge translation and education. 

Participants indicated that putting in the extra time and labor was difficult as they 

felt they were already very busy with their operation. This was especially true for 

producers who already had low SCCs; they felt there was little to no incentive for them to 

increase workload via adoption of other practices. These findings are comparable to other 

studies in the field of Johne’s disease management and implementation of control 

practices. Roche (2014) found that a large barrier for producers to adopt Johne’s disease 

control measures was the lack of time or money. Interestingly, many participants in this 

study mentioned they would be motivated by financial incentives to change their milking 

routines if it meant they achieved higher milk quality and were given a premium for 

excellent quality milk. Potentially, barriers to adoption of RMPs could be overcome by 

the industry with the proper incentives. In the province of Québec, premiums for milk 

quality were implemented in 2010: producers who achieved a bulk tank SCC of under 

300,000 cells/mL were given a premium for their milk. Eighty-one percent of producers 

in the province got the premium that year (Producteurs de lait du Québec, 2010). In 2011 

the SCC threshold decreased to 250,000 cells/mL and 200,000 in 2012. Ninety-one 

percent of producers received the premium in 2011 (Producteurs de lait du Québec, 

2011), 80% received it in 2012 (Producteurs de lait du Québec, 2012), and 75% received 

it in 2013 (Producteurs de lait du Québec, 2013). Additional premiums were implemented 

in 2012 for producers with SCC under 150,000 cells/mL: 40% of producers received this 

additional premium in 2012, and 49% received it in 2013 (Producteurs du lait du Québec, 

2013). Dairy producers did adjust to the premiums, even when these were more and more 
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difficult to achieve, which shows a willingness to improve milk quality when financial 

incentives are provided. Other provinces could benefit from milk quality incentives to see 

an improvement in udder health.  

Many participants discussed having employees adhere to a new protocol or a 

change in routine was a struggle. While a range of producers discussed this barrier, it was 

most common to participants who owned larger herds and had multiple people milking 

cows. Participants stressed the importance of educating their employees as to why certain 

practices are used during milking and expressed interest in having educational tools or 

programs that would help educate their employees. A previous study highlighted the need 

to augment educational opportunities for employees on US dairy farms (Erskine et al., 

2015). In that study, employees were not familiar with the importance of certain 

management practices for mastitis prevention and control; this was also reflected in the 

present study. 

Although physical barriers will always be present and, to a certain extent, will prevent 

behavior change, it is the intrinsic barriers that may have the most impact on adoption of 

RMPs or lack of it. Behavior is mediated by cognitions: knowledge is necessary, yet not 

sufficient to produce behavior change. Perceptions, motivations, skills, and social 

environment are key influences on behavior (NIH, 2005). In this study, some participants’ 

adoption of RMPs was limited by a lack of information on how to adopt RMPs, but 

several participants were not always willing to change milking routines already in place, 

especially if they already had good udder health and low SCC on their farm. These 

findings are similar to previous reports: in a study done in the Netherlands, researchers 

found producers’ behavior was not dictated by a lack of information, but rather a lack of 
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motivation to change (Jansen et al., 2010). A way to mitigate this barrier is to tailor 

communication efforts to fit specific types of producers. For example, Lam et al. (2011) 

highlighted the importance of effective communication, which includes a “pro-active 

approach, personalisation of messages, providing a realistic frame of reference for the 

farmer, and use of the farmer’s social environment”. Producers who have already 

achieved high quality milk may not need to change their milking routines, but it could be 

a beneficial change for producers struggling with higher SCCs on their farms. In this case, 

advisors need to provide producers with clear and updated information about RMPs (e.g. 

the reasons behind the cleaning of gloves during milking, and fore-stripping teats to 

check for abnormal milk). This is especially important for some producers, as the present 

study revealed not all of them know the basic reasons behind proper milking preparation, 

and advisors may be assuming they do. 

Another important barrier to the adoption of RMPs by producers was their perception 

of what “good quality” is, and their perception of what is “good enough”. Three 

constructs of the Health Belief Model, a theory of behavior change, may play a role in 

limiting producers adoption of RMPs: perceived susceptibility, perceived severity, and 

self-efficacy (NIH, 2005). Many of our participants felt motivated to find solutions when 

issues arise, but if there are no issues with udder health, milking management stopped 

being a priority and tended to become an after-thought due to other competing farm 

issues (perceived susceptibility). During the focus groups, most producers prioritized 

SCC as an indicator of susceptibility and severity of udder health. Those with lower 

SCCs were less likely to prioritize udder health management on their farm compared to 

other diseases or issues. According to theories of health behavior, people will only take 
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preventive action towards health risks once they perceived themselves as being 

susceptible (Janz and Becker, 1984). In this case, the perceived lack of a problem is 

driving the non-adoption of RMPs. Dufour et al. (2012) showed that producers who “felt 

they were doing enough about mastitis control” on their farm, were 3.1 times more likely 

of having an incident intra-mammary infection caused by S. aureus. Not recognizing that 

contagious mastitis was a problem on their farm was perhaps the highest risk factor for S. 

aureus incidence. 

The perception of what “good somatic cell count” was, also seemed to vary with 

producers: those who considered a slight rise in SCC to be a problem, or who aimed to 

have as low an SCC as possible, were more likely to adopt RMPs to find a solution 

(perceived severity). A possible explanation might be that some producers have concerns 

about changing their routine in a way that could lead to problems they do not currently 

have. The sentence “if it ain’t broke, don’t fix it” was repeated several times during all 

the focus groups. This issue is possibly extended to advisors as well, who are afraid to 

make recommendations that could worsen the herd’s current udder health. 

Participants frequently commented how their own habits or routine held them back 

when it came to changing their behavior (self-efficacy). However, (good) habits and 

routine were also identified as an important part of milking routines, which indicates 

further action should be taken to re-train bad habits and promote good habits. Previous 

research (Belage et al., in preparation) demonstrated producers were fairly consistent in 

their milking routines, regardless if they were correct or not. Recently, Animal Health 

Ireland introduced “Cell Check”, a national mastitis control program, and provided 

producers with training workshops and educational tools to re-train and establish best 
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practices. Since the introduction of the program, the proportion of farms with an annual 

average SCC of over 400,000 cells/mL has decreased by over 10% (McCoy, 2016). In 

contrast, the proportion of farmers with an annual average SCC under 200,000 cells/mL 

has increased by over 30% (McCoy, 2016). This program shows how providing 

educational tools and workshops can help modify producer behavior, with a successful 

outcome. Another example of how training programs can help change behavior took 

place in Québec in 2010, where 32% of producers from the province participated 

(n=2,043) (Poirier et al., 2011). Participating herds had higher linear scores than non-

participating herds before training (2.92 vs. 2.86 respectively) and comparable linear 

scores for up to two years after training (2.81 vs. 2.80 respectively). Training programs 

therefore can have long-lasting effects in milk quality. 

Lack of information was also an important barrier to adoption of RMPs. Some 

participants did not seem to understand the reasons behind why certain practices are used. 

One of them even mentioned it was a “waste of time”. However, RMPs are widely 

disseminated in the industry by advisors and regulatory bodies. Having an understanding 

of the importance of these practices is one of the keys to implementing them. Most 

importantly, certain RMPs are mandatory (e.g. fore-stripping and inspecting milk) under 

the Canadian Quality Milk program, and penalties can be given to producers who do not 

follow the program. Perhaps penalties are not a strong enough motivator to adopt RMPs, 

and the industry should focus their efforts on education, effective knowledge transfer, and 

implementing incentives for increased milk quality, as the latter was discussed as a very 

strong motivator for producers to improve udder health. Knowledge transfer becomes 

more important, as some third party advisors and experts do not always agree on which 
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practices are most useful and producers are getting conflicting messages. Experts should 

be delivering a consistent message to producers to stimulate change. 

 

CONCLUSION 

Both physical and intrinsic barriers are important limitations to the adoption of 

RMPs. While some physical barriers can be addressed by motivating producers with 

incentives for high quality milk, intrinsic barriers are harder to overcome as they deal 

with producer attitudes and perceptions. Motivating producers through increased 

education and incentives for increased milk quality can drive adoption of RMPs, as well 

as changing their perception of what “good enough” is.   
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Figure 1. Thematic map produced from the thematic analysis of data on perceived 
barriers and motivators for adoption of recommended milking practices, collected during 
four dairy producer focus groups, conducted in Ontario, Canada (April 2016).  
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APPENDIX 

Introductory script and questioning guide for focus groups 

“Okay, so just to get things going I would like to go around the room and have everyone 

share their first name, where you farm, and what you enjoy most about being a dairy 

farmer.”  

“I would like to start our discussions today by talking about your attitudes and opinions 

towards managing udder health.”  

1. What comes to mind when you think about mastitis prevention in the industry?  

• How important a problem do you feel mastitis is for the Ontario dairy industry?  

• How does udder health rank in your priorities compared to other diseases?  

• What do you think the economical impact of mastitis is on your farm? 

EXERCISE: “I would like for you to think back to your milking routine and write on a 

piece of paper what practices you most commonly use on your farm” – “Now can you 

underline the 3 you think are most important” ~ 1 MINUTE 

2. Would anybody like to walk me through your typical milking routine? (pick two 

or three people) 

Remember there are no right or wrong answers and everyone has different practices. 

• Are any of these considered more important to you than others?  

(Probe: use of gloves & disinfecting, fore-stripping, predip, cleaning and 

drying teats, auto-takeoffs); strip and dip order. 

• In which situations would you be likely to use any of these practices in your 

milking routine? (SCC problems, flare ups of mastitis…) 

• Have you changed your milking routine in the past? Would you change anything 

if say you had a higher incidence of mastitis cases or higher SCC count than 

previously? 

o e.g. if changed from tie-stall to free-stall, how does protocol differ other 
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than being a parlour? 

3. When you think about implementing these recommended management practices 

on your farm, what do you see as the main barriers to adopting these 

recommendations?  

• What do you think are some of the reasons you or other people are NOT 

implementing some of these into their milking routines?  

o employees, family, yourself 

• What kinds of barriers do you see for someone who hasn’t done these?  

o [Probe further after time and money have been discussed] 

• Can you think of potential solutions to address these barriers? 

o Quota? Penalties? Education? 

• Do you feel udder health could improve on some farms if we could remove these 

barriers? 

“I would like to transition now to talk a little more generally about what motivates you to 

make changes on your farm and how you prefer to receive new information”  

4. How do you think we can motivate producers to make changes to improve udder 

health?  

• What motivates you to make any sort of change on your farm?  

• How do the actions of your peers affect what you do? 

5. Think about the sources or people you use to get information on milking 

management decisions. What or whom was the most influential when it came to 

designing your milking protocol?  

• How did you develop your milking routine? 

Probe: neighbor, vet, magazines, peers, extension, family. 
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6. Is there anything you think is important about the implementation of milking 

practices on farm that we haven’t addressed? 

 

 

Thank you all for coming, we appreciate your input and the time you took out of your 

busy day to come. Your participation and opinions are essential for this type of research. 

I would like to remind you that your statements will be anonymous in the final report. 

Please keep this session confidential by not talking about it after we leave today to 

respect everyone’s privacy that participated. 

 

Please see Emilie to receive your compensation for participation, and please sign the 

receipt form before you leave. 

 

Also feel free to help yourself to any coffee or snacks left. Thank you again. 
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CHAPTER FIVE: Study limitations, future research and concluding remarks 

 

Successful mastitis control plans include several elements of dairy management. 

Bedding type, cow cleanliness, clean environment, and proper dry-off protocols are all 

important to prevent mastitis on farm. Although not all are necessary on all farms, 

recommended milking procedures minimize the risk of developing new mastitis cases, 

and prevent elevations in SCC. Milking represents a time of increased risk for new intra-

mammary infections: during milking, teat ends can be exposed to contagious pathogens 

like Staphylococcus aureus, or environmental agents like E. coli. Implementing a 

consistent and effective milking protocol can reduce the risk of new mastitis cases, both 

clinical and subclinical. The National Mastitis Council developed a ten-point plan as a 

guideline for mastitis control methods, which includes the recommended milking 

practices (RMPs) herds should be implementing (NMC, 2013). However, following the 

guidelines is not sufficient, producers should be implementing them consistently. 

Inconsistent milking practices likely affect udder health, and can directly and/or 

indirectly interfere with efforts to prevent mastitis in the herd.  

One of the objectives of this thesis was to describe the consistency with which 

producers implemented their milking routine, identify areas of higher variability, and 

determine how well milking practices are being implemented on Canadian dairy farms. In 

this study, most farms adopted RMPs but did not follow a consistently timed protocol. 

Most of the variation observed in the contact time for pre-milking disinfectants occurred 

at the farm level. This was expected, as farmers use different pre-milking teat 

disinfectants, have different routines in place, and the order of these practices can vary 
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from one farm to another. In general, we found that protocols on any given farm, are 

being consistently applied by one person to the next, and that they are kept consistent 

over time. Nonetheless, there was still considerable variation from one cow to the next: 

milkers were not equally preparing all cows. It could be hypothesized this is due to 

individual cow cleanliness: cows with dirtier teats take more time to prepare than cows 

with clean teats and this affects the time milkers spend preparing other cows. 

Unfortunately, cleanliness scores for the individual cows evaluated in this study were not 

available. Gathering some additional cow-milking-level measures, or using repeated 

observations for selected cows during the visits could have been useful to explain how 

cow-level or milking-level determinants affect the consistency and variability of the 

milking routine.  

Milking system was not significantly associated with adequate contact time (P = 0.08) 

in this study. However, the type of milking system affects the type of milking routine on 

farms. Milking routines are performed differently in each of the systems: in parlours, 

each step of the routine is applied to several cows at a time before moving onto the next 

step until unit attachment. In tie-stalls, there is more variability in the way each cow is 

prepped and it is also dependent on unit on-time of the previous cow as milking units are 

moved from one cow to another. In many tie-stall systems, the pattern of unit movement 

from one cow to another is highly variable. A future study could investigate further the 

effects of milking system on milking variability. 

Neither herd size, nor number of people milking were associated with adequate 

contact time or preparation lag time in the present study. Nevertheless, they have been 

observed to have a significant effect of bulk tank SCC levels (low vs. high) (Shock, 
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2014). Hutton et al. (1990) also found that larger, more efficient herds (more cows 

milked per person per hour) had lower SCC levels than smaller herds. It could be that 

milkers on larger farms are more consistent or careful during the milking preparation; 

however, this hypothesis has not been tested. The lack of a herd size effect was likely due 

to a lack of variability in this characteristic in this dataset. The generalizability of the 

results described here to larger herds is unknown and would merit further investigation. 

 

The second objective of this thesis was to describe the proportion of adoption of 

recommended milking practices across all 10 Canadian provinces, and investigate 

differences across regions, milking systems, herd size and bulk tank SCC. Participants in 

the NDS 2015 represented well the Canadian dairy farm population: similar milk quality 

was observed for participants and non-participants, and only slightly higher milk 

production was observed for NDS participants (11,000 total farm kg/year more than non-

participants). Canadian dairy producers were for the major part compliant with RMPs, 

although some procedures were less widely used than others. Adoption of practices 

varied widely between regions, herd sizes and milking systems. Parlours and larger herds 

were more likely to adopt RMPs. Milking system was correlated with both region and 

herd size: larger herds were predominantly parlours, and herds in western Canada and the 

Atlantic provinces had a majority of parlour herds, while Ontario and Québec had a 

majority of tie-stall herds.  

One limitation of the study was the higher response rate for herds involved in milk 

recording (10% above national average) (CDIC, 2015). However, using data from Phase 

II of the NDS 2015, we found similar percentages of adoption of RMPs in herds that 
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were visited compared to herds participating in Phase I. Herds selected for Phase II of 

NDS were selected to represent national demographics: farms were selected in all 10 

provinces and 25% of farms visited were not involved in milk recording. We also did not 

find an association between use of pre-milking teat disinfectant and bulk tank somatic 

cell count (BTSCC) level, which was contrary to previously published studies (Dufour et 

al., 2012). This is possibly explained by the nature of the study: due to its cross-sectional 

nature, it was not possible to determine a temporal relationship between SCC levels and 

use of pre-milking teat disinfectant, and the survey did not ask producers how long they 

had been using this practice. It is not possible to determine if producers were using a pre-

milking disinfectant because they had high SCC levels, or if they had low SCC because 

they used a pre-milking disinfectant, and this possibly masked the effect of pre-milking 

disinfectant on BTSCC levels. Moreover, pre-milking disinfectant is mainly 

recommended for preventing clinical mastitis. Thus, it may be more strongly associated 

with clinical mastitis incidence than with SCC. 

 

The final objective was to identify barriers for adoption of best milking practices and 

investigate potential motivators for producers to implements these practices on farm. 

Four focus groups were conducted with Ontario dairy producers and thematically 

analyzed. Both physical and intrinsic barriers seemed to limit producers’ adoption of 

certain RMPs. These barriers included lack of time, employee training, personal habits, 

misinformation regarding RMPs, or because they did not perceive mastitis as a problem 

on their farm.  
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It seems some producers would be motivated to overcome some of the physical 

barriers if an incentive for better quality milk was put in place by the industry. However, 

an important finding of this study is that some producers seem to be misinformed as to 

why some RMPs are important to implement, or simply have not been informed they 

should be implementing them. Perhaps there are some conflicting messages from third 

party advisors, or there is poor knowledge transfer to some producers. 

 A limitation of this study was the small response rate from producers: most of the 

participants were fairly progressive and up-to-date on RMPs. We were only able to 

conduct four focus groups due to the lack of interest in participation, and could not 

separate producers who adopted more of the RMPs vs. producers who did not. 

 

 Most Canadian dairy producers seem to be complying with recommendations for 

best milking practices. The consistency with which they are applied varied substantially 

from farm to farm and from one cow to another, but milkers were consistent between 

themselves and over time. Certain practices were more widely adopted by farmers than 

others (post milking teat disinfectant vs. glove cleanliness). Some of the reasons 

producers did not adopt these practices was principally due to personal habits and/or 

convenience, not perceiving udder health as a priority on their farm, and lack of 

information or misinformation. Some producers felt motivated to implement more 

practices and work towards better udder health if it translated into incentives for better 

quality milk. Overcoming some of the intrinsic barriers might necessitate increased 

efforts in knowledge translation, educating producers or employees on the importance of 

these practices, or lowering the penalty threshold for bulk tank somatic cell count.  
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