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ABSTRACT

Milking management practices 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 interfere with
efforts to prevent mastitis in the herd. The study objec-
tive was to assess the variation in adoption and applica-
tion consistency of important milk harvest practices be-
tween and within farms over time. During the summer
of 2013, 50 herds in southern Ontario were visited twice
within a month, at milking time, and a single person
observed and time-recorded premilking preparation
procedures. A generalized mixed model was used to
partition the variance for predisinfectant contact time
and preparation lag time (time between the first contact
with the teats and cluster attachment), and determine
the proportion of variation attributable to farms, milk-
ers, visits, and characteristics of a cow milking. Using
logistic regression, models were built to assess factors
affecting adequate contact time and adequate prepara-
tion 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 2 visits (only 9 and 3.1% of total variance for
contact and preparation lag time, respectively). Parlors
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 s had negative
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effects on meeting recommended preparation lag time.
The majority of farms in the study complied with the
recommendations for adequate milking practices; how-
ever, most did not follow a consistent timed protocol.
There are several potential sources of variation in the
milking routine on a dairy farm. To improve milk qual-
ity 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, regard-
less 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.

Key words: udder health, milking practices, contact
time, preparation lag time, variation in milking
preparation

INTRODUCTION

The management practices and milking procedures
that affect mastitis and SCC have been widely studied,
leading to a variety of evidence-based recommendations;
however, the evidence for many of these recommended
procedures is scarce. An invited review by Dufour et al.
(2011) evaluated which practices were consistently as-
sociated with SCC on farms, and which lacked evidence
of an association with SCC. Some of the practices hav-
ing consistent associations with SCC include wearing
gloves at milking time, using a single-cow towel to dry
teats, use of a pre- and postmilking teat disinfectant,
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 milk-
ing procedures for dairy farmers to follow (NMC, 2013).
These recommendations include using a premilking
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 postmilking teat disinfectant.
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APPLICATION OF PREMILKING PREPARATION

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 (Koster 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 postmilk-
ing teat disinfection. The consistency with which these
practices were applied, however, varied between milkers
on a farm (Koster et al., 2006). The study also found
that the detection of cases of clinical mastitis was lack-
ing in 32% of participating herds, again with inconsis-
tencies in 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 affecting bulk tank SCC in-
clude 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, no studies have investigated a
potential relationship between herd size and the milk-
ers’ skills and attention to detail. Larger dairy farms
tend to have more hired (nonfamily) help and could
have training in standard operating procedures, where-
as smaller farms are more likely to be family operated
with less formal training. Also, no studies have been
published evaluating the rate of adoption or the consis-
tency of milking preparation procedures over time. It
is important to address these knowledge gaps because
despite having recommendations for producers, it is
not known whether they are following the guidelines
correctly or consistently (or both). Lack of adoption or
inconsistency in milking practices likely affects udder
health, and it can directly or indirectly interfere with
efforts to prevent mastitis in the herd. Therefore, the
objective of this study was to assess the variation in
adoption, and consistency in application, of important
milk harvest practices between and within farms over
time.
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MATERIALS AND METHODS

Ethical approval was obtained through the Re-
search Ethics Board at the University of Guelph
(REB#13FE005), and all participants provided in-
formed, written consent.

Data Collection Protocol

Farm Selection. This study was part of a larger
project investigating the effect of environment, man-
agement, and pathogen burden on the late summer
rise in bulk tank SCC by Shock (2014). Herds were
selected using milk quality records routinely collected
by the Dairy Farmers of Ontario (DFO), an organi-
zation that markets milk on behalf of Ontario dairy
producers. Farm-level criteria required for inclusion in
the study were as follows: owning more than 30 kg of
butterfat quota, participating in milk recording with
CanWest DHI (a nonprofit milk recording organiza-
tion) at a service level including 9 or more herd tests
per year, and having a monthly bulk tank SCC average
between 150,000 and 250,000 cells/mL as of January
2013. This range was chosen as it closely represents
the middle two-thirds of the herds in the province of
Ontario for that month: approximately 60% of herds
fell in the range of 150 to 250,000 cells/mL. For the
purpose of the original study, typical herds were being
studied instead of extremes. Out of a list of 452 herds
meeting the eligibility criteria, 50 herds were recruited
by convenience sampling based on the resources avail-
able for the project (Shock, 2014).

Milking Procedures. Each of the 50 herds was
visited twice over a 1-mo 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 the premilking teat
disinfectant solution), and preparation lag time (Shock,
2014). Because the measure of preparation lag time was
highly variable depending on each farm’s routine, for
the purposes of this study preparation lag time was
defined as the time between the first contact with the
teats (wiping, predipping, or start of forestripping) and
cluster attachment. The person observing the milk-
ing 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,
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Table 1. Structure of data for contact time of premilking disinfectant in 50 Ontario dairy herds visited twice

over the summer of 2013

No. of units per highest cluster level

Level No. of observations Mean Range
Farms 41 — —
Milkers 91 2.2 1-5
Visits 119 1.3 1-2
Cow milking 1,138 9.6 1-20

169.2% of milkers were only observed during one visit.

distributed through the entire milking at each 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. 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 coef-
ficients (PROC CORR), and odds ratios for binary
variables (PROC FREQ) to identify highly correlated
variables. Variables were considered collinear if the cor-
relation 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 2 variables were highly correlated,
the variable of highest interest was kept for inclusion in
statistical model development.

Regression and Structure of the Data Set

Two outcomes were modeled independently: time
between premilking teat disinfectant application and
removal, defined as “contact time,” and time between

the beginning of first contact with the teats and milk-
ing unit attachment, defined as “preparation lag time.”

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 4-level hierarchical model with the
previously described structure was used for the prepa-
ration lag time analysis. The contact time data set,
however, consisted of a subset of the 50 herds (i.e., the
41 herds that were using premilking teat disinfection).
In this latter smaller data set, complete separation of
the data precluded use of the full 4-level structure. For
the contact time analysis, a cross-classified hierarchical
model with individual cow milking cross-classified by
both milkers and visits, which were, in turn, clustered
by herds was therefore used (Tables 1 and 2). Because
of this feature, disentangling the variation in contact
time due to characteristics of milkers and visits was
not possible in this model and had to be reported as a
whole (i.e., the combination of characteristics of milkers
and visits). The MIXED procedure of SAS 9.4 was used
for these analyses.

Factors associated with the probability of having a
successful preparation lag time or a successful contact
time were then investigated. For this purpose, the de-
pendent variables were converted to binary variables.
Contact time was deemed adequate, or equal to 1,

Table 2. Structure of preparation lag time data in 50 Ontario dairy herds visited twice over the summer of

2013"

No. of units per highest cluster level
Level No. of observations Mean Range
Farms 50 — —
Milkers 114 2.3 1-7
Visits 152 1.3 1-2
Cow milking 1,447 9.5 1-20

'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 of milking procedures

Variable Average Minimum Maximum
Herd size (no. of cows) 76 27 340
Monthly weighted average bulk tank SCC (cells/mL) 252,000 95,000 562,000
Milking units, parlor (n = 24; units) 13 4 20
Milking units, tie-stall (n = 26; units) 5 3 9
People milking, parlor (no.) 1 1 3
People milking, tie stall (no.) 2 1 3

if contact time was >30 s based on published NMC
guidelines (NMC, 2013). Contact time <30 s was
deemed inadequate or equal to 0. Preparation lag time
was categorized as adequate, coded as 1, if time was
>60 s, or inadequate, equal to 0, if time was <60 s. The
NMC guidelines recommended a preparation lag time
between 60 and 120 s (NMC, 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 s up to 240
s (Watters et al., 2012).

For both outcomes, the probability of observing the
adequate behavior was modeled using generalized lin-
ear mixed models with a logit link using the GLIMMIX
procedure of SAS 9.4. Farm, milker, and visit number
were included as random effects in the preparation lag
time analyses, whereas 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 us-
ing a causal diagram developed for each outcome to
identify the possible relationships between variables at
hand and the outcome. Variables assessed as poten-
tial explanatory fixed effects included milking system
(parlor vs. tie-stall), herd size, use of forestripping 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 num-
ber of units per 100 cows. Quantitative variables were
categorized based on quartiles for the analysis because
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 adjust-
ment was used for multiple comparisons.

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 parlor 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 parlors; the average number of milkers at one time
was 2 people for tie-stall herds and 1 person for parlor
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 very little variation was pres-
ent 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

Table 4. Distribution of number of milking units in 2 milking systems across 50 dairy herds in Ontario
participating in a study on adoption and consistency of milking procedures

Proportion of farms (%) <10 units/100 cows

10-16 units/100 cows >16 units/100 cows

Parlor 14
Tie-stall 26

50 36
62 12
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Table 5. Proportion of 50 farms that adopted recommended milking practices, visited during the summer of 2013

Practice No. of farms using practice, no. (%) Lower 95% CI Upper 95% CI
Use of premilking 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
Postmilking teat disinfection 50 (100) — —

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 on one farm and the effect of visit
number per milker on a farm could not be disentangled
due to the structure of the data (cross-classified hi-
erarchical 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 param-
eter 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 differ-
ences between milkers on a given farm. Hence, all 3
of these sources of variation in preparation lag time
were almost equally explained by differences between
farms, between milkers, and across a 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, uniformity was observed 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 regres-
sion analyses for adequate contact time are presented
in Table 8. Of the 7 variables assessed in unconditional
analyses, only the number of milking units per 100
cows was significantly associated with probability of a

successful contact time. The odds of having adequate
contact time were 3.66 times higher on farms with more
than 16 units per 100 cows than on farms with less than
10 units per 100 cows (P = 0.03, 95% CI 2.05-735.1;
Table 9). The odds of having adequate contact time
(>30 s) were 5.6 times higher in parlor 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 milk-
ers and adequate contact time were found to be sig-
nificantly 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 with 2 or more milk-
ers (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 vari-
ables (milking system, forestripping, herd size, milker
number, number of milking units, milker-to-unit ratio,
number of units per 100 cows, or type of milking rou-
tine) 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 preventa-
tive measure for mastitis control on dairy farms (Barke-
ma et al., 1998, 1999; Olde Riekerink et al., 2010; Dufour
et al., 2011), yet few 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
months (Shock, 2014). Consistent with previous litera-
ture, recommended milking practices measured (time
premilking teat disinfectant was in contact with the

Table 6. Descriptive statistics for premilking teat disinfectant contact time (s) and preparation lag time (time between teat stimulation and

milking unit attachment; s) in a group of 50 dairy herds from Ontario

Variable N Mean SD Minimum 1st quartile Median 3rd quartile Maximum
Contact time (s) 1,446 69 72 0 7 60 95 612
Preparation lag time (s) 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
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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 Variable Estimate Percent variance
Farm 0.1318 47 Farm 0.0479 40
Milker x visit number within farm 0.0197 9 Milker within farm 0.0262 21
Cow milking 0.0544 44 Visit within farm and milker 0.0038 3
Cow milking 0.0440 36

teats, teat stimulation, preparation-lag between udder
preparation and unit attachment, and unit-on times)
were not significantly different during either of the 2
visits, in herds with small seasonal SCC increases in
the summer compared with herds with larger seasonal
SCC increases (Shock, 2014). In a study by Hutton et
al. (1990), researchers 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 no difference in the frequency
of the milking practices used by herds classified as low
SCC compared with herds with high SCC. Hutton et
al. (1990), however, did not reflect the consistency with
which milkers on a single farm followed the milking
protocol. Considerable variation is still likely in the
implementation of many of the most important recom-
mended milking practices. Based on the results of the

present study, most of the variation observed in the
contact time for premilking disinfectants occurred at
the farm level (Table 7). This was expected, as farmers
use different premilking teat disinfectants, have differ-
ent 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 not much variation was present from one milker to
another across visits. This suggests that protocols on
one farm are being consistently applied from one per-
son to the next and that they are kept consistent over
time. Nonetheless, considerable variation was still pres-
ent 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

Table 9. Unconditional associations between probability of a successful premilking teat disinfection contact
time (defined as more than 30 s 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®

Variable Estimate SE 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 Referent — — — —
Forestrip 0.13
Yes 1.55 1.02 4.7 0.64, 35.0
No Referent
No. 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 Referent
No. of milking units 0.85
>12 —0.39 1.43 0.68 0.04, 11.2
6-12 0.38 1.19 1.46 0.14, 15.1
<6 Referent
Herd size (cows) 0.14
>83 -3.11 1.59 0.04 0.002, 1.01
42-83 —1.93 1.40 0.15 0.01, 2.25
<42 Referent
Milking units per 100 cows 0.03
>16 3.66 1.50 38.8" 2.05, 735.1
10-16 0.58 1.16 1.79" 0.18, 17.35
<10 Referent ©
Milking units per milker 0.50
>6 1.76 1.82 5.8 0.16, 205.9
2-6 1.91 1.63 6.8 0.28, 164.8
<2 Referent

*““Within a given predictor, groups with different superscripts differed significantly (P < 0.05) after adjustment
for multiple comparisons using the Tukey-Kramer method.

!Observations were obtained from a group of 41 herds from the province of Ontario.
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take more time to prepare than cows with clean teats
and this affects the time milkers spend preparing other
cows. Unfortunately, we could not test this hypothesis
because we did not have cleanliness scores for the
individual cows evaluated in this study. 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 posi-
tive way (Rasmussen and Frimer, 1990; Hurnik, 1994).
Milker consistency seems to have an important role in
milk production. For example, Rasmussen and 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

BELAGE ETAL.

and quality, milking management in herds should not
only follow the recommended guidelines, but all milkers
should also consistently apply them to all cows.

Milking system was also associated with adequate
contact time, although it was not statistically signifi-
cant (P = 0.08). The odds of having contact times over
30 s were 6 times greater in parlors than tie-stalls. This
can be explained by the way milking routines are per-
formed in each of the systems; in parlors, 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, more variability is present in the way each cow
is prepared and variability 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.

The ratio of milking units per cow was also associ-
ated with the odds of having adequate contact time.
Farms with more units per cow were more likely to have

Table 10. Unconditional associations between probability of a successful preparation lag time (defined as more than 60 s 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’

Variable Estimate SE Odds ratio  Odds ratio 95% CI ~ P-value
Adequate contact time 0.003

Yes 1.2 0.45 3.72% 1.54-9.00

No Referent — _— — —
Housing type 0.33

Freestall 0.84 0.86 2.31 0.43-12.50

Tie-stall Referent — — —
Forestrip® 0.51

Yes 0.57 0.85 1.76 0.33-9.34

No Referent — — — —
No. of milkers 0.01

1 2.98 1.03 19.69" 2.61-148.2

2 0.70 0.95 2.01" 0.31-12.96

>2 Referent — _— — —
No. of milking units 0.86

<6 0.44 1.15 1.56 0.16-14.79

6-12 0.63 1.14 1.88 0.20-17.54

>12 Referent — — — —
Herd size (cows) 0.56

<42 0.39 1.20 1.47 0.14-215.5

42-83 1.05 1.03 2.87 0.37-21.52

>83 Referent — — — —
Milking units per 100 cows 0.42

>16 1.03 1.25 2.80 0.24-32.46

10-16 1.41 1.07 4.09 0.50-33.35

<10 Referent — — — —
Milking units per milker 0.39

>6 2.12 1.55 8.30 0.40-173.8

2-6 1.47 1.30 4.34 0.34-55.91

<2 Referent — — — —
Milking routine with multiple steps before unit attachment 0.82

Yes 0.25 1.10 1.28 0.14-11.05

No Referent — — —

**Within a given predictor, groups with different superscripts differed significantly (P < 0.05) after adjustment for multiple comparisons using

the Tukey-Kramer method.

!Observations were obtained from a group of 50 herds from the province of Ontario.
*Because of 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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a contact time over 30 s. The main difference observed
was between farms with more than 16 milking units
per 100 cows compared with farms with 10 to 16 units
or with less than 10 units per 100 cows. Odds ratios
should be interpreted with caution, as they were not
very precise due to wide confidence interval; nonethe-
less, the association remains significant. Having more
units available per cow may lead to more units becom-
ing available quicker and also having a shorter total
milking time. Milkers may feel less rushed to prepare
cows if more units are available, instead of aiming for
the fastest preparation to speed up unit on-time and be
able to move on to the next cow. It is important to note
that a higher proportion of parlor 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 premilking
teat disinfectant. Of the 50 study herds, 9 did not use
a premilking 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 premilking disinfectant was reported in a
previous Canadian study, with 25% of herds not using a
premilking teat disinfectant (Dufour et al., 2010). Lack
of use of premilking teat disinfectant is sometimes seen
in successful herds with good milk quality to reduce la-
bor costs. However, in this instance the mean bulk tank
SCC of herds not using premilking disinfectant was
not significantly different from herds using premilking
disinfectant; therefore, these herds did not have better
or worse milk quality than their counterparts.

Based on the causal diagram, relationships between
the variables milking system, herd size, number of
people milking, number of units, and both outcomes
of interest were hypothesized; surprisingly, only a few
predictors were significantly associated with 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,
they have been observed to have a significant effect
of bulk tank SCC levels (low vs. high; Shock, 2014).
Hutton et al. (1990) also found that larger, more ef-
ficient 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 data set. Most farms were smaller
(average of 76 milking cows), with only one farm milk-
ing over 200 cows (Table 3). The generalizability of
the results described here to larger herds is unknown
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and would merit further investigation. Similarly, the
effect of nonfamily labor on milking consistency was
not investigated, as the majority of farms in this study
had family only involved during milking, which is also
the case for the majority of Ontario dairy herds.

For preparation lag time, most of the variation was
attributed to the variability between farms and between
cow milkings. This analysis, however, also highlighted
the substantial variability in the preparation lag time
from one milker to another, and again this stresses the
importance of informing people milking to apply the
same procedures to all cow milkings. However, consis-
tency was observed from one visit to another (low vari-
ability; 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 in place to reduce mastitis and
milk quality problems, and to increase milk production
on dairies. Similarly, Rasmussen et al. (1990) showed
that, compared with cows milked using a variable milk-
ing routine, a standardized routine decreased the bulk
tank bacterial count in the milk while increasing milk
yield in cows. Although no difference was observed in
the number of cases of clinical mastitis between the
2 groups studied, the standardization of the routine
seemed to improve milk quality (Rasmussen et al.,
1990).

Little variation in preparation lag was observed
between visits; the farms and milkers in this data set
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
they are correct. With corrective education and train-
ing, possible improvements in these practices could be
experienced 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 fol-
low the procedures 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 behavior and improve man-
agement 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 with farms with nonadequate contact
times. For farms using premilking disinfectant, contact
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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-s cutoff for adequate contact time were more
likely to meet the 60-s cutoff for adequate preparation
lag time. However, 20% of the farms in this study did
not use premilking 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. Having a successful
preparation lag time is not just dependent on having
adequate contact time, but having an appropriate milk-
ing routine.

Farms with more than 2 milkers present at milking
time were more likely to have a preparation lag time
under 60 s compared with farms with only 1 or 2 milk-
ers. 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
s can affect milk letdown and flow rates and increase
milking unit on-time (Watters et al., 2012).

Farms in this study were selected based on a conve-
nience 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 Ca-
nadian 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
during January 2013 were selected for the study. Ac-
cording to DFO, 58% of Ontario dairy herds typically
fall in this range (DFO, 2015). Based on this sampling
strategy, the inferences drawn from this study may not
apply to herds with bulk tank SCC under 150,000 cells/
mL or greater than 250,000 cells/mL. Research shows
that farmers who are defined as more proactive toward
their practices are usually more informed and follow
the regulations more closely relative to farmers consid-
ered as traditionalist or reclusive (Jansen et al., 2010).
Participating producers could have been, in general,
more compliant with recommended milking protocols
than those producers that did not agree to participate.

No cow-milking-, visit-, or milker-specific measures
were recorded during this study. All of the milking tim-
ings recorded were independent of the cow identifica-
tion, 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
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preparation timings (e.g., slower-milking cows, level of
cow hygiene, cow temperament, position in the parlor
or in the barn for tie-stall, and so on). Gathering some
additional cow-milking-level measures, or using repeat-
ed 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. Furthermore, the measure of
preparation lag time was highly variable depending on
each farm’s routine. To accurately assess preparation
lag time, it was defined as the time between the first
contact with the teats (wiping, predipping, or start of
forestripping) and cluster attachment.

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 data set comprised
of a larger number of representative and heterogeneous
farms. In such a data set, potential confounders could
be controlled using conditional analyses. Likewise, this
study only had a small number of visits performed: only
2 visits 1 mo apart. Even though our findings suggest
farmers are consistent over time in the milking prepara-
tion routines, further studies should be conducted us-
ing a greater number of measurements (once a week or
more) to better assess the variation across shorter time
intervals covering a longer period of time.

CONCLUSIONS

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 several potential sources of
variation in the milking routine on a dairy farm. Most
farms were consistent over time in their milking prepa-
ration, and different milkers within a farm followed the
same milking preparation routines regardless if they
were correct or not. Determining whether correct milk-
ing 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 experienced
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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