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The first successful commercial milking machine was produced in 1889 by a Scottish plumber, 
William Murchland.  Other commercial machines were developed in the following years by an 
assortment of plumbers, tinsmiths, inventor-farmers, doctors and engineers (Dodd and Hall, 
1992).  For the next 60 years or so, the main basis for further development and 
commercialization of milking machines seemed to have been the ‘suck it and see’ approach.  The 
first real scientific contributions to understanding the possible links between milking machines, 
milking management and mastitis were conducted in Iowa and in Ireland in the 1960s.  This 
review charts some of the diversions, dead-ends and significant leaps forward since those early 
days, and offers some recommendations for the path ahead.  

State of Knowledge 60 years ago  

By the end of the1950s, most dairy farmers in western Europe and North America had switched 
from hand-milking to machine milking, a transition that was accelerated by acute shortages of 
farm labour throughout Europe post-World War II and the electrification of farms in the US. A 
key conclusion at that time was that: 

 ‘in general, there has been more infection and mastitis in machine-milked cows 
compared with hand-milked cows.’ (Anon, 1959). 

Machines that used single-chambered teatcups had been replaced well before then because: ‘in 
the hands of most users, they caused congestion of the teat and discomfort to the cow and were 
therefore inefficient milkers.’  Thus, it appears that the rapid transition to use of double-
chambered teatcups occurred primarily because they milked more rapidly (Anon, 1959).   

Only two milking-related mastitis risks were identified with any confidence in the extensive 
review cited here as ‘Anon (1959)’.  The likely authors (probably Frank Neave and Frank Dodd) 
were young pioneers in mastitis research at that time.  The two main risks identified in that 
review were: 

• Excessive vacuum. The prevailing wisdom was that milking vacuum should not 
exceed 14-15 inHg (47-51 kPa) because ‘the higher the vacuum and the longer the 
teatcups are left on the udder, the greater is the probability of injury.  One obvious 
sign of this is erosion of the teat sphincter which has been shown under certain 
conditions to be associated with an increase of staphylococcus infection and mastitis’. 

• Type of teatcup liner.  A slack moulded liner was found to cause more mastitis than a 
stretched moulded liner of smaller bore.  Another study showed that one type of 
moulded liner caused more mastitis than a type of extruded liner.  

  



Advances in Knowledge during the 1960s  

At least one ‘Five-point Mastitis Control Program’ emerged in the 1960s.  The first point in that 
rudimentary ‘Five-point Control Program’ for Australian dairy farmers was: 

1. ‘Correct adjustment and proper use of the milking machine’. 

The basis for this cryptic recommendation was a brief chapter by Blood and Mein in an Expert 
Panel Report on Bovine Mastitis (Anon, 1966).  Subsequently, the sole surviving member of that 
Panel (G Mein) spent much of his professional career trying to clarify and quantify this 
ambiguous recommendation.   

Two years later, Dodd and Neave (1968) introduced another major review with a paragraph that 
has continued to echo through the next 60 years:  

‘In considering the relationship between machine milking and mastitis, we are faced with 
a paradox.  Most farmers and field observers, and many research workers accept that the 
milking machine, either intrinsically or because of the way it is used, is a major factor 
influencing the incidence of udder disease in commercial dairy herds and the specific 
cause of a very high incidence in particular herds.  As a result, authoritative statements on 
how mastitis should be controlled lay stress on the design, maintenance and use of the 
milking machine. Yet research has so far failed to provide convincing evidence of the 
general relationship between levels of infection in herds and the methods of machine 
milking’ (Dodd and Neave, 1968). 

In a related reference to the widespread belief that over-milking was the most important fault, 
these reviewers noted that: 

‘Over-milking occurs in all herds and averages several minutes per cow in most, and is 
always longer with front quarters compared with hind, yet there is normally about 50% 
more infections in hind quarters’. 

Based on the evidence they reviewed at the time, Dodd and Neave listed five known or likely 
risks: 

• The milking machine acts as a vector in transmitting pathogens from an infected quarter 
to non-infected quarters.  The source of pathogens can be either milk or an infected 
lesion, and the transmission can be between cows or from an infected quarter to an 
uninfected quarter between cows. 

• Evidence of damage resulting from machine milking is clear from examination of the 
teats of most herds.  Teat orifices are often everted and eroded, there may be small 
haemorrhagic areas near the tip of the teat and teat chaps are usually most serious near 
the ‘pressure ring’ at the base of the teat where the teatcup mouthpiece makes a seal.  In 
the absence of good hygiene these lesions are likely to be infected, shedding very large 
numbers of pathogens and therefore increasing the spread on milking equipment. Further 
evidence from Iowa (Witzel and McDonald, 1964) showed that, at or near the end of 
milking, vacuum levels within the teat sinus were similar to those within the pulsation 



chambers of the teatcup and that damage induced by high vacuum is caused to the inner 
membranes of the teat.  

• Recently, ‘vacuum fluctuations’ have become widely accepted as an important pre-
disposing cause of udder disease [although the results to date] are interesting but 
inconclusive.   

• The complete absence of pulsation may lead to increased udder disease [but there are] no 
good data on the effect of variation in pulsation within normal limits. 

• Specific types of liner may cause an increase in clinical mastitis (but no evidence on the 
effects of variation in liner dimensions, shape or properties of the liner). 

Two Irish researchers were the first to show that inadequate vacuum pump capacity was 
associated with higher bulk milk cell counts (Nyhan and Cowhig, 1967).  They followed up this 
field study with the first research herd evidence to show that unstable vacuum was linked to an 
increase in new mastitis infection rate. Tragically, these Irish scientists died in an air crash while 
travelling to the UK to participate in the 1968 International Symposium on Machine Milking.  
The outstanding legacy of that ill-fated Irish research team was their demonstration that a single 
milking machine factor could have a major influence on udder disease.  The immediate outcome 
of their work was to stimulate subsequent research (in the UK, Ireland and elsewhere) on the 
specific ways in which bacterial invasion occurs during machine milking.   

Further Advances from the 1970s to 2000 

The contributions of science and engineering throughout the 1970s, 80s and 90s produced 
significant advances in our knowledge and understanding of what was meant by that cryptic 
advice, in1966, on the ‘correct adjustment and proper use of the milking machine’.  

Vacuum fluctuations and ‘Impacts’ 

The pioneering Irish work, which demonstrated that irregular vacuum fluctuations somehow 
increased intra-mammary infection, was continued at the National Institute for Research in 
Dairying (NIRD) in the UK and by a new Irish research team led, initially, by Jerry O'Shea and 
later by Eddie O'Callaghan. 

A series of research herd experiments at the NIRD in the early 1970s clearly showed that the 
new mastitis infection rate could be increased significantly whenever certain types of vacuum 
fluctuations were applied in combination.  The most potent, mastitis-producing combination was 
found to be high cyclic vacuum fluctuations (generated within the cluster by fast cyclic opening 
and closing of teatcup liners) together with high, experimentally-induced, "irregular" vacuum 
fluctuations generated beyond the cluster (Thiel et al, 1973; Cousins et al, 1973).  With the help 
of high-speed cine filming and the use of a special test rig affectionately known as "Winchester 
Bessie", scientists at the NIRD proposed a new working hypothesis that they called the "impact 
mechanism”.  Impacts were thought to be the main mechanism of new mastitis infections.  This 
term was coined to describe the rapid upward movement of small droplets or slugs of milk from 
the short milk tube towards the external teat orifice as a consequence of high transient pressure 
differences generated within the teatcup or cluster.  
 



The numbers of impacts occurring in a 5-min period using the “Winchester Bessie” rig were 
recorded for a range of high or low liquid flow-rates, two different claw types (one with a ‘high’ 
volume claw bowl, the other with a ‘low’ bowl volume), and a range of different pulsation 
characteristics.  The highest impact frequencies (of up to 260 impacts per 5-min period) were 
recorded with the small volume claw in combination with alternating pulsation (especially with a 
pulsator ratio close to 50:50).  No impacts were recorded at low liquid flowrates when a claw 
with an effective bowl volume greater than 150 mL was used in combination either with 
alternating or with simultaneous pulsation, and a pulsator ratio of 67:33.  Very low impact 
frequencies (less than 9 per 5-min period) were recorded at high liquid flow-rate using the high-
volume claw in combination with alternating pulsation (D Akam, pers. comm. to G Mein, 1977).  
 
The new Irish research team struggled initially to repeat the experimental results obtained by 
Nyhan and Cowhig until a thoughtful suggestion by their herdsman, who had worked with 
Nyhan, provided the breakthrough.  He suggested that the original results had been obtained with 
a much less stable type of teatcup liner than that used experimentally by the new research team.  
The rest of this story is well known.  O'Shea and O'Callaghan soon became famous for their 
research herd studies on the effects of liner slips on new mastitis infection rate (O’Shea and 
O’Callaghan, 1978; O’Shea et al, 1987). 
 
The Irish "impact" mechanism was, essentially, the same mechanism as that proposed by the UK 
researchers but with one key difference.  In the Irish studies, impacts were thought to result from 
"acute" irregular vacuum fluctuations with exceptionally fast rates of pressure change.  Such 
acute fluctuations could be measured only in the adjacent teatcups within an individual cluster 
when one teatcup slipped.  In contrast, impacts in the UK studies were thought to result from 
high cyclic fluctuations acting together with comparatively slow changes in milking vacuum.  
With the great benefit of hindsight, however, it should be noted that the extruded liner used in 
the UK studies was widely regarded as prone to slip frequently.  Because liners tend to slip more 
frequently at lower milking vacuum, it is possible that liner slips contributed to the high new 
infection rates obtained in the UK experimental treatment groups.      

These studies in the UK and Ireland stimulated, either directly or indirectly, six major branches 
of research or development around the world.  Those results are described in detail elsewhere 
and were reviewed by Mein and Schuring (2003).  Their main lessons in relation to our theme of 
machine milking and mastitis risk were: 

• High cyclic vacuum fluctuations are not important, by themselves, as a major cause of 
new infections; 

• New mastitis infections due to the ‘impact’ mechanism can be greatly reduced (or 
possibly eliminated entirely) by the use of clusters that combine at least the following 
essential characteristics: 

o a claw that has an effective bowl volume of at least 150 mL (5 fluid ounces, a 
little more than ½ cup): Note that most modern claws have a volume of about 
450 ml (15 fluid ounces or just short of a pint)  

o short milk tubes that have a minimum bore size of about 10-11 mm (0.4 to 0.48”) 



o if alternating pulsation is used in a conventional cluster, then any pulsator ratio 
that is not close to 50:50.   

Teat health, teat canal characteristics and level of exposure to pathogens 

In 1987, Dodd published another seminal review and concluded that "the main way milking 
machines will influence the level of exposure [to infection risk] is likely to be their direct effect 
on the health of the teat duct and the skin of the teat" (Dodd, 1987).  Other research studies in the 
following years confirmed that the risk of new infections by contagious as well as environmental 
pathogens such as Str. uberis is increased by machine-induced changes in teat-end condition.  
Such changes may include: increased congestion and oedema in the teat wall which results in 
slower closure of the teat canal and/or hypoxia in teat tissues; slower rate of removal and 
regrowth of teat canal keratin; greater degree of openness of the teat canal orifice after milking; 
increased hyperkeratosis of the teat-end. 
 
An important outcome of these new perspectives was a much greater emphasis on the 
maintenance of healthy teat skin and teat-ends as a key part of any effective mastitis program.  In 
1994, IDF published an excellent bulletin on “Teat tissue reactions to milking and new infection 
risk” written by a group of European scientists (Hamann et al, 1994a & b).  This European group 
concluded that changes to teat tissue, the teat-end and teat canal alter the risk of new mastitis 
infections. Subsequently, Neijenhuis et al (2001) showed a significant association between teat-
end callosity and incidence of clinical mastitis.  At about the same time, simpler methods for 
quantifying the short- or medium-term effects of milking on teats were proposed by Hillerton et 
al (2000) who noted that many effects of machine milking are easily recognizable immediately 
after cluster removal.  These scientific contributions provided a framework for the establishment 
of an informal discussion group of researchers and udder health advisors, self-styled as the “Teat 
Club International” (TCI).  The TCI published a series of reviews covering: non-infectious 
factors and infectious factors affecting short-term or medium-term changes in teats; developed 
and promoted a simple protocol for systematic evaluation of teats in commercial dairies; 
published guidelines for interpretation of observations, guidelines for data collection and 
analysis; produced a teat condition portfolio; and, in addition, conducted numerous short courses 
on evaluating teat condition and interpreting the data. 
 
In 1993, a Danish study (Rasmussen, 1993) provided the springboard for achieving shorter 
milking times and better teat condition for high-producing cows, especially in North American 
herds milked thrice per day.  In that Danish study, milking time was reduced by 0.5 min per cow 
with no loss of milk yield when the end-of-milking setting for automatic cluster removers 
(ACRs) was raised from 0.2 kg/min to a flow rate threshold of 0.4 kg/min (from 0.45 to 0.9 
lb/min).  Teat condition improved markedly and significantly fewer cows developed clinical 
mastitis in the early detachment group of cows.   

Rasmussen’s research results sparked a 5-year period of cautious field evaluation in the USA.   
Threshold flowrate settings for ACRs were raised from default settings of about 0.3 kg/min to 
0.5 kg/min (0.7 to 1.1 lb/min) for herds milked twice per day, and to levels as high as 0.9 kg (2 
lb) per min for some herds milked thrice daily.  At the same time, default time-delay settings of 
10-20 sec for cluster removal were shortened to 0-5 sec.  The net effect was to reduce average 
milking times per cow by 1 min or more with no reported loss of milk yield, no change in SCC 



or mastitis levels.  In addition to quicker milking, the major benefits have been improved teat 
condition and calmer cows, especially the fresh cows.  Today, almost every manufacturer, 
installer or user of ACRs around the world has benefited from, or been influenced by, the 
practical consequences of this research.   

Contributions of science and engineering to design and performance of milking systems 

The 1996 revision of the International Standards Organization (ISO) Standards on Construction 
and Performance of Milking Systems, and on Mechanical Testing Procedures, provided another 
springboard for the application of science and engineering principles to milking technology.   
Examples of the shift in emphasis, from the traditional dimensional specifications to the new 
performance-based guidelines and standards, include:  

• New guidelines for the diameter, slope and configuration of milklines evolved from the 
principle that stratified milk flow, rather than slug flow, was the preferred flow condition 
in dual-purpose milklines.  As a direct result of the new ISO guidelines, milkline sizes 
have tended to increase in Western Europe.  At the other end of the range, milklines 
greater than 100 mm in diameter are seldom installed in new milking systems in the USA 
today.   

• The simple but subtle change to measuring Effective Reserve in or near the receiver, 
rather than at a position near the regulator, had an astonishing impact on the design of 
milking systems, the preferred placement of vacuum regulators and the recommended 
size of vacuum pumps, especially in North America.  This change in measurement point 
enabled the milking equipment industry to understand the problems associated with 
locating the regulator too far from the receiver, and the use of airline fittings that were 
often too small for the volume of air flowing through them.  These common deficiencies 
became obvious when new guidelines for evaluating vacuum levels and air flows were 
developed by the Machine Milking Committee of the National Mastitis Council (NMC), 
a process that was spear-headed by Johnson et al (1996).  The NMC guidelines have been 
widely adopted by the milking equipment industry.  The outcome has been marked 
improvements in vacuum regulation in milking systems across the world. 

• New guidelines for determining Effective Reserve and for sizing vacuum pumps evolved 
from the simple performance guideline that vacuum in the receiver should remain stable 
within 2 kPa (0.6 inHg) of the intended level.  The practical application of these 
guidelines produced significant electrical power savings on dairy farms across the USA, 
Canada and Mexico.  Concurrently, vacuum regulation was improved on the majority of 
these farms. 

Milking-time observations and milking-time testing  

Up until the 1990s, both ISO standards and field tests of the mechanical performance of milking 
machines usually stopped short of any specific performance guidelines or tests of cluster 
performance or teatcup action. That omission was surprising because the components of a cluster 
are the only ones that come into contact with the cows’ udders.  No other components of a 
milking system can influence the milking characteristics of a cow or her risk of infection unless 
they affect either the liner vacuum, liner wall movement or the cyclic pressure applied to the teat, 
or the cluster weight distribution between udder quarters. Schuiling et al (1994) observed that: 



‘Milking is not going well in some modern milking installations which meet or exceed ISO 
standards’ and suggested that such problems may be due to ‘malfunction of the liner’. 

Those comments by Schuiling et al reflected a growing awareness of the need to develop a series 
of simple milking-time observations and tests for evaluating the milking performance of a cluster 
and the effectiveness of teatcup action.  This change in emphasis from the ‘system’ components 
of a milking system to the cluster components was long-overdue. It resulted in much greater 
attention to the factors involved in achieving good ‘milkability’ (Reid, 1996), greater awareness 
of the effects of vacuum within the mouthpiece chambers of teatcup liners on teat condition and 
udder health (Rasmussen et al, 1998) and a much clearer understanding of what is meant by 
effective pulsation.  One of the best, most accessible and practical summaries of these new 
perspectives is the New Zealand SammPlan Technote 6 (www.dairynz.co.nz/animal/cow-
health/mastitis/tools-and-resources/guidelines-and-technotes). 

2000 and beyond 

The automation and information revolution 

This century ushered in the information age. The milking machine and its associated components 
have become the data collection and analytical center of the dairy farm; especially those farms 
using automatic milking machines.  Technical futurist Ray Kurzweil predicts that the exponential 
increase in technologies like computers, genetics, nanotechnology, robotics and artificial 
intelligence will result in a ‘singularity’ in the next 20 years in which machine intelligence will 
be infinitely more powerful than all human intelligence combined. Anyone who has worked with 
2018 milking machine intelligence will attest that we still have a way to go as human 
intervention is required for virtually all of the management decisions on a dairy farm.   

The scientific seeds of automation were sown in The Netherlands with the development of 
electronic cow identification (ID), and monitoring of cows using physiological variables that 
could be measured quickly and automatically such as cow activity (as an indicator of oestrus), 
milk temperature and electrical conductivity of milk (as a screening test for mastitis).   

These scientific seedlings began to flower in the 1990s.  By then, it had become clear that 
continuing developments in automation and the application of computers on farms would change 
the future of dairying in major ways.  The world’s first commercial voluntary milking system, 
which was installed in 1992, heralded the possibility that milking might become a background 
operation on many farms. 

In conventional milking parlors, hardware components such as cow ID tags, milk meters, 
automatic cluster removers and auto-drafting gates were being integrated via a central, on-farm 
data processing system. These components had the potential to provide an information system 
for more effective and more profitable herd management.  The pioneering work of veterinary 
specialists such as Stewart et al (2001) on large dairy farms with conventional milking systems 
enabled the milking staff to concentrate on the task of milking while the herd manager got daily 
management summaries on the milk yields of individual cows, herd health and reproductive 
activity. 

In the coming century, sensing systems will continue to improve and provide better and better 
management advice for nutrition, reproduction, and animal health including mastitis 



management.  The milking machine will be the nerve center of this artificial intelligence.   The 
role of milking machines and mastitis will shift from the milking machine as a mastitis risk to the 
milking system as predictor of individual cows’ mastitis risk and application of adaptive milk 
harvesting techniques to reduce this risk as well as a tool for early detection of mastitis and 
advisor on treatment strategies.      

Future trends 

It is likely that the quest to milk cows faster will continue for the foreseeable future.  The 
motivations for faster milking are shifting from human labor efficiency to return on the capital 
investment in automatic milking technology.  Milking speed can be characterized in many ways.  
The most practical measure of milking speed for farm managers is the number of cows milked 
per hour in a milking parlor or per day per automatic milking system stall.  The milk removal 
process is only part of the milking process; typically accounting for less than half the time 
required to move cows into position for milking, prepare teats and udders, remove milk from all 
quarters, apply post-milking dip, and move cows out of the milking area.   

The trend of increasing production level of cows shows no sign of stopping in the coming 
decades.  The time required to harvest milk from a quarter is a function of the amount of milk in 
the quarter (production level + milking interval) and the milk removal rate.  There are biological 
limits to the rate at which milk can be removed.  Increasing milking frequency can compromise 
the defense mechanisms of the teat canal.  Increased milking frequency has been associated with 
a higher percentage of quarters that leak milk between milkings, but as yet has not been 
associated with increased mastitis risk.  The question of how to balance milk production level 
with milking frequency will be an interesting one in the coming decades.  

Quarter milking has eliminated cross-contamination during milking, although has not had a 
dramatic effect on mastitis risk.  Early adopters of automatic quarter milking showed no 
difference in udder health scores, while later adopters appear to have slightly worse outcomes.  
This is like due to the overwhelming influence of udder hygiene on mastitis risk.  Increased 
milking frequency reduces mastitis risk. Penry et al (2017) found that in a quarter milked AMS 
herd there was no association between quarter peak milk flow rates and clinical mastitis risk but 
did find an association between reduced milking interval and reduced clinical mastitis risk.  The 
plausible hypothesis for the causal mechanism is the powerful cleaning effect of the milk process 
whereby milk flowing out of the teat canal removes bacteria that may have lodged in the canal.  
Note that the study cited above was conducted on a herd using an automatic milking machine 
with complete separation between quarters, thus eliminating the possibility of cross-
contamination and the impact mechanism.  Most recent studies on the association between peak 
milk flow rate and infection risk have been conducted with conventional claws.  Some, but not 
all, of these studies claimed an association between peak milk flow rate and udder health.  An 
excellent literature review is presented by Penry et al (2017).       

Herd management and milking management practices have much larger effects on 
mastitis risk than the direct effects of the milking machine.  It has been clear for some time that 
sanitation is the predominant effect on mastitis risk and keeping bacterial numbers low on or 
near the cows’ teat-ends reduces the new infection rate. The overriding effect on the occurrence 



of mastitis in a herd is the bacteria challenge to teat ends.  Attention on reducing mastitis 
infections has increasingly focused on environmental organisms for herds which have reduced or 
eliminated the threat of contagious organisms.   The focus of reducing mastitis risk during the 
milk removal process will increasingly focus on ways to maintain or enhance the natural defense 
mechanisms of the teat.   There are several distinctly different physiological aspects to the 
gentleness of milking and teat canal defenses:   

• Maintaining optimal keratin balance in the teat canal,  
• Minimizing rough teat-ends or hyperkeratosis,  
• Minimizing congestion in teat tissues to improve teat closure after milking 
• Maintaining the health and integrity of teat skin. 

A more detailed discussion of the milking machine factors affecting these defense mechanisms is 
presented by Mein (2015) and Reinemann (2017).   
 
The major exposure to environmental organisms occurring in stalls and resting areas although 
the exact mechanism of bacteria transport through the teat canal and into the teat sinus is unclear. 
A simple method developed and validated by Schreiner and Ruegg (2003) for scoring udder 
hygiene has proved an invaluable tool to monitor the effect of the cow environment on udder 
cleanliness. Cows with more than 10% of their udders covered with manure or other debris were 
1.5 times more likely to be infected with a major pathogen than cows with cleaner udders. The 
tool allows for a quick and easy assessment (usually no more than 20 minutes), and more 
importantly, provides a quantitative measure of performance that can be used to test the efficacy 
of different animal management strategies.   

Recent research on raising the milk flow threshold setting for ACRs and/or setting a maximum 
time limit for milking slow cows has opened up new possibilities for milking herds more 
quickly, with no apparent adverse effects (Reinemann 2017 and forthcoming IDF bulletin on 
cluster remover settings). These studies provide convincing evidence that early unit removal and 
the resulting, slightly reduced, completeness of milking does not produce a measurable increase 
in SCC or mastitis risk.  The main benefits of early unit removal are a reduction in cups-on time, 
greatly reduced teat-barrel congestion and a slight reduction in teat-end hyperkeratosis as a result 
of the reduction or elimination of the low flow period of milking.  The historical association 
between quarters that are not completely milked and increased probability of developing mastitis 
symptoms may be due to these quarters being in the early stages of clinical mastitis which causes 
incomplete drainage of the gland, and clinical symptoms develop shortly thereafter (Dr. Pamela 
L. Ruegg, personal communication, and D. Reinemann, personal experience).  An incompletely 
milked quarter may therefore be the result of a mastitis infection, not the cause of that infection.  
A better understanding of the influence of teatcup removal strategies at both the udder and 
quarter level on milk production rates will be an important research question in the near future.   

Teat size, particularly teat length, has been gradually decreasing as milk production levels have 
increased.  Fitting liners to teats is a major challenge now and will likely continue to be an issue 
in the foreseeable future.  This may include development of liners designed to function well on 
short teats and/or attention to teat length in breeding programs.  Nowadays, average teat length 
on high producing herds in all parts of the world is between 45 and 55 mm.  Teats shorter than 
about 40 mm will not penetrate into the zone of effective liner compression, or form a good 
teat/liner barrel seal on many commercial liners.   One indication of poor teat/liner fit is elevated 



mouthpiece chamber vacuum during the peak flow period of milking and (Reinemann et al, 
2013) and associated congestion of teat barrel tissue (Penry et al, 2017).  

Summary of key recommendations or conclusions  

The fundamental biomechanics of milking will remain the same into the foreseeable future. 
However their relative importance on mastitis risk will continue to evolve as cows are evolved to 
better suit future dairy operations.  Mastitis risk is reduced by keeping bacterial numbers low on 
or near the cows' teat-ends, especially if machine settings and/or milking management practices 
are less than ideal. Herd management and milking management practices probably have over-
riding effects compared with the potential contribution from milking machines. New mastitis 
infection rates are lower during lactation than in the early dry period.  This implies that regular 
milking may have positive benefits in helping to keep teat canals and teat-ends clean.  New 
research during the past 20 years has shown there is no need to leave clusters on cows in an attempt 
to empty the udder completely at every milking.  Furthermore, there are significant practical 
advantages (e.g., better teat condition, calmer cows, quicker herd milking) to be gained from early 
removal of clusters. The widespread use of more stable clusters, larger-bore short milk tubes and 
larger, free-draining claw bowls has probably already reduced the potential gains from eliminating 
the conventional claw in many milking systems. 

Healthy teat ends are critical to the maintenance of low numbers of infected quarters.  The major 
machine factors affecting gentleness of milking (i.e. cow comfort and teat condition) are, in likely 
order of relative importance: 

1. Liner fit, or liner dimensions relative to teat dimensions (affecting liner compression, 
mouthpiece chamber vacuum); 

2. Average claw vacuum level (main effects on teat congestion, hyperkeratosis, comfort); 
3. Duration of cups-on time (over-milking is linked with poorer teat-end condition); 
4. Liner compression (main effects on teat congestion and hyperkeratosis); 
5. Pulsation settings (especially, the b-phase duration and d-phase duration). 

The future will bring more sophisticated monitoring and control strategies for milk harvesting 
and the milking machine and associated equipment and facilities will play a larger role in 
collecting data and applying intelligent advice and automation for detecting and managing 
mastitis risk on dairy farms.    
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