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ABSTRACT

Drying cows off at the end of lactation is a routine
management practice in dairy operations. Most dair-
ies in the United States and many other countries dry
cows off abruptly (e.g., stop milking cows on a set day),
which has been shown to affect cow comfort. Gradually
reducing milk production is another approach to dry
cows off, routinely used in some countries and herds.
The objective of the study was to evaluate the effects
of abrupt and gradual milk cessation and milk yield
at the time on cow activity after dry-off. Daily lying
time, number of lying bouts per day, average lying bout
length, and steps taken per day by abruptly and gradu-
ally dried-off cows were monitored by data loggers for
2 wk before and after the final milking at the end of
lactation. Gradual cows were milked once daily for the
last week of lactation, and abrupt cows were milked as
usual (3x/d) until the end of lactation. Gradual cessa-
tion of milking significantly reduced milk yield by the
day of dry-off. After dry-off, gradual cows tended to
have longer lying bouts than abrupt cows, but no other
differences in cow activity between the 2 treatments
were observed. Regardless of the dry-off method, the
average length of a lying bout decreased by 4 min and
total daily lying time decreased by 19 min after dry-off
for each 5-kg increase in milk yield before dry-off. Lying
behavior of primiparous cows was more affected by the
level of milk yield at dry-off than that of older cows. A
reduction in lying times with increasing milk yield may
indicate discomfort due to the accumulating milk in
the udder. Using a method that lowers milk production
before dry-off and managing primiparous and multipa-
rous cows separately around dry-off are beneficial for
cow comfort after dry-off.
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INTRODUCTION

The implementation of a 6- to 8wk nonlactating
(dry) period before a cow’s next calving is a common
practice in dairy herds to provide the cow’s udder a pe-
riod for cell regeneration between lactations. The effect
of the dry period length on milk production and the im-
portance of the dry period in general on health of a cow
in the consecutive lactation have been intensely studied
(Bachman and Schairer, 2003; Dingwell et al., 2003;
Watters et al., 2008; Steeneveld et al., 2013). However,
research on the methods used to dry cows off and their
effect on udder health is surprisingly sparse. The first
studies on the topic date back more than half a century
and were conducted with cows producing significantly
less milk than modern dairy cows (Wayne and Macy,
1933; Neave et al., 1950; Oliver et al., 1956). Abrupt
and gradual cessation of milking were the methods
studied, either with or without feed restriction. Abrupt
cessation or “stop” milking occurs when normal daily
milking is terminated on a set day, which is typically
determined by the expected calving date and a desired
dry period length. Gradual cessation of milking (also
referred to as intermittent milking or reduced milking
frequency) occurs when cows are weaned from milking
over a period of days or weeks. This method of milk
cessation is more aligned with what the cow would
endure in nature, as her calf would gradually decrease
milk intake before weaning (Vitale et al., 1986).

In addition to being more natural, gradually reducing
milking frequency and the resulting lower milk yield
at dry-off have been shown to be beneficial for udder
health (Natzke et al., 1975; Oliver et al., 1990; Newman
et al., 2010). In support of this idea, a more recent study
reported that the involution process in cows producing
low amounts of milk is associated with metabolic and
immunological features that allow the cows to clear
apoptotic cells and eliminate and prevent infections
more effectively than cows dried off forcefully (abrupt-
ly) from large amounts of milk (Silanikove et al., 2013).
However, with large herd sizes and intensification of
the production, abrupt cessation of milking is the most
commonly used drying-off procedure in many countries
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as it is easy and simple to implement (Barkema et al.,
2015; Bertulat et al., 2015; USDA, 2016).

Recent research has found that abrupt milk cessa-
tion methods can also affect the affective state of the
animals. For example, Bertulat et al. (2013) found that
high-producing cows that were abruptly dried off had
higher levels of fecal glucocorticoid metabolites, physi-
ologic indicators of stress, compared with those that
were gradually dried off. Zobel et al. (2013) reported
that cows dried off abruptly showed strong motivation
to be milked by standing at the gate leading to the
milking parlor after dry-off, which the authors attrib-
uted to possible frustration with not being milked with
the rest of the herd. It has also been suggested that
an abrupt cessation of milking can cause discomfort
as the udder becomes engorged with milk (O’Driscoll
et al., 2011); however, evidence for this is lacking. For
example, Zobel et al. (2013) measured lying time as
an indirect measurement of discomfort in cows dried
off abruptly and gradually, but found no difference in
lying time between the treatments. Similarly, a study
under New Zealand pasture conditions did not find any
behavioral differences in lying bouts among groups of
cows with different milking frequencies and feeding
levels before and after dry-off (Tucker et al., 2009).
Milk production levels in this pasture-based system,
however, were lower than they typically would be when
TMR and more energy-dense rations are fed. Another
method to decrease milk production is to restrict the
cow’s feed intake; however, this method has been shown
to cause increased vocalizations in cows, which has been
interpreted as a behavioral sign of distress, potentially
due to hunger (Valizaheh et al., 2008).

To our knowledge, no studies investigating the effect
of different drying-off methods on dairy cow behav-
ior have been conducted in US confinement systems
or have specifically focused on the effect of high milk
production at dry-off on lying behavior and activity of
cows. Thus, the objectives of the current study were
to evaluate the effects of (1) abrupt and gradual milk
cessation and (2) milk yield on dairy cow lying behavior
and activity around dry-off. It was hypothesized that
higher milk yield before dry-off and abrupt cessation
of milking, due to milk accumulation and consequent
udder distension, would cause discomfort to the cow
and this would be exhibited indirectly through changes
in their activity and lying behavior.

MATERIALS AND METHODS
Study Population

This study was part of a larger project evaluating ef-
fects of 2 different milk cessation methods at dry-off on
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udder health, milk yield, and milk quality in the subse-
quent lactation, as described in Gott et al. (2016). All
procedures used in the present study were approved by
The Ohio State University Institutional Animal Care
and Use Committee (protocol #2011A00000136). The
2 drying-off methods assessed were abrupt and gradual
cessation of milking. The sample size for the larger
project was calculated based on expected differences
in udder health parameters between the treatment
groups (Gott et al., 2017). The study reported here
was conducted in a single large Holstein herd, which
was enrolled in the larger study. This herd had approxi-
mately 1,200 cows housed in freestall barns, and cows
were milked 3 times a day, at 8-h intervals. Following
the established on-farm protocol, cows were dried off
abruptly once a week, and after the final milking, all
quarters of all cows were treated with a commercially
available antimicrobial dry cow product and internal
teat sealants were also administered. No alterations
were routinely made to the diet before dry-off in the
herd, and the feeding management was not changed
as a part of the study protocol either; thus, all cows
remained on the farm’s late lactation ration for the
final week of lactation. After the final milking at the
end of lactation, cows were moved to a dry cow pen
with other dry cows.

During the larger project, cows with no observable
clinical symptoms were enrolled 7 to 14 d before their
dry-off date (PRE), which was based on cows’ expected
calving dates and the desired dry period length (50 d)
in the herd. For this behavioral study, only cows that
had activity data available for 14 d before and 14 d af-
ter dry-off were included in the activity data analyses.
All cows to be dried off in 1 wk were assigned to the
same treatment [abrupt (ABR) or gradual (GRAD)]
to make management of the cows easier for the herd
personnel. Enrollment of cows occurred during spring
and summer of 2014, and altogether, 4 sets of cows
were enrolled during the spring (March—April) and 4
sets during the summer (July—August), and these sets
varied in size between 7 to 24 cows. The first set of
cows was assigned to the abrupt cessation group, and
thereafter group assignment alternated weekly between
gradual and abrupt cessation groups. Abrupt cessation
cows maintained the farm’s regular milking schedule
(3x/d) until the last day of lactation, whereas GRAD
cows were milked once daily (1x/d) for the final week
of lactation. During the 1x milking period, GRAD cows
were housed in the same pen and managed together
with the rest of the late-lactation cows. All cows went
through the parlor together during every milking, but
GRAD cows were only milked once per day according
to the study protocol. The GRAD cows were identified
with brightly colored leg bands on one hind leg so the
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farm personnel knew to milk those cows only in the
morning during the final week of lactation. After dry-
off, all dry cows were housed in the same pen, fed the
same ration, and otherwise managed the same way.
The herd had milk meters (AfiMilk USA Inc., Fitch-
burg, WI) in the milking parlor and milk yields for in-
dividual cows were recorded during each milking. Milk
yield data for all study cows were obtained via the farm
computer during the study period and imported to Mi-
crosoft Excel 2013 (Microsoft Corp., Redmond, WA).
Milk yields from individual milkings were combined to
represent daily milk yields at cow level (kg/d). The
PRE milk yield used in the analyses was an average of
cow-level milk yields from d 8 and 9 before dry-off. The
milk yield on the last day of lactation was an average
of cow-level milk yields from d 1 and 2 before dry-off.

Activity and Lying Behavior

At the time of enrollment (PRE; 7-14 d before dry
off), an electronic data logger (IceQube, IceRobotics,
Edinburgh, Scotland) was placed on a hind leg of a
cow and kept on for 14 d after dry-off. The data log-
gers measured number of steps taken, lying time, and
number of lying bouts. An average lying bout length
was calculated by dividing the total lying time by the
number of lying bouts. Lying times were expressed in
hours per day and lying bout length in minutes per
bout.

Data Analyses

The following criteria were used to include activity
data from the study cows in the analyses: (1) data for
a cow were available for 14 d before and 14 d after
dry-off, and (2) she stayed in the herd through the
dry period until her next calving. Data from days with
full 24 h of recording were included; thus, data from
the day of the placement of the activity monitors were
omitted because only partial records were available for
that day. Descriptive statistics on the activity param-
eters were calculated for each day of the study (d-14
to d14; d0 was defined as the day of dry-off). Descrip-
tive statistics on the study cows were also calculated.
Parity at dry-off (primiparous vs. multiparous), dry-off
season (spring vs. summer), DIM at dry-off, and SCC
on the last test day before dry-off (log-transformed
for the analysis), and milk yield at enrollment and at
dry-off were compared between the study groups (SAS
Institute Inc., Cary, NC). Chi-squared test was used for
comparing categorical variables and #test for continu-
ous variables between the study groups.

Activity data were analyzed using the MIXED proce-
dure in SAS, v. 9.4 (SAS Institute Inc.). Daily summary
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measures of 4 different activity parameters (total lying
time, number of lying bouts, average lying bout length,
and number of steps taken) were used as the outcomes
in separate analyses. Separate models for the data from
before and after dry-off were run to assess the effect
of the milk cessation method (ABR vs. GRAD) on
the activity of cows. First, to ensure the groups were
comparable, activity before the intervention (d —14 to
—8) was evaluated between the milk cessation groups.
Second, to assess whether 1x milking affected activ-
ity of the GRAD cows during the intervention (1x/d
milking) week (d —7 to —1), their activity during that
period was compared with their own activity during
the preceding week (d —14 to —8). Pairwise differences
between the baseline and the days of the intervention
week were compared, adjusting for the multiple com-
parisons with Tukey’s test. Third, the main interest was
to compare activity of the GRAD and ABR cows after
dry-off. In these analyses, data from 2 wk after dry-off
(d 0 to 14) were considered and d 7 to 14 was used as
the baseline level in the models. This time period was
chosen as the baseline because it was expected that
by then udder engorgement following dry-off would be
already diminished, and any behavioral effects of re-
grouping cows would be minimal (Cook and Nordlund,
2004; Schirmann et al., 2011).

Milk cessation method (ABR vs. GRAD) was the
main explanatory variable of interest. A variable dis-
tinguishing days with respect to the day of dry-off
(DAYSDO) was created: the day of dry-off was desig-
nated as d 0 and days before dry-off were marked with
negative values (d —14 to —1) and days after dry-off
with positive values (d 1 to 14). The DAYSDO, cow’s
parity (categorized as primiparous and multiparous at
dry-off), DIM at dry-off, logSCC on last test day, milk
yield at enrollment (PRMI) and at dry-off (DRMI),
and season of dry-off were first tested in univariable
models for an association with the activity parameters.
Variables associated with the activity measures with P
< 0.2 were included in a full model and dropped one
at a time until all remaining variables were considered
significant using P < 0.05. Milk cessation method, how-
ever, was tested in all models as the main variable of
interest. The PRMI and DRMI were not included in the
same model due to high correlation. Also, because milk
cessation method significantly affected DRMI, these 2
variables were not included in the models simultane-
ously, as DRMI was deemed as an intervening variable.
Different covariance structures [variance components,
AR(1), ARH(1), compound symmetry, unstructured]
were tested and compound symmetry fitted the data
best, based on Akaike’s information criterion. Conse-
quently, it was used in all models to account for the
correlated data structure between the daily observa-
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tions from individual cows. The DAYSDO was used
as the repeated measure in the models. A variable was
also created to indicate the 8 weekly sets of cows dried
off on the same day, and this was used in the models
as a random effect. Two-way interactions between milk
cessation method and other variables in the final mod-
els were tested. Fit of the models was checked using
diagnostic residual plots.

RESULTS
Descriptive Data

Altogether, 95 cows, 48 ABR and 47 GRAD cows,
were enrolled in the study. Data from 58 cows, 29 ABR
and 29 GRAD cows, met the inclusion criteria and were
available for the activity analyses. Eleven cows were
excluded from the study because they were, by mistake,
milked 1x /d for 2 wk, and 2 cows (both ABR) were ex-
cluded because they had been diagnosed with a clinical
disease within a week before enrollment and they were
still recovering from it during the study as later judged
from their daily milk yield records. Other reasons for
exclusion were as follows: cows lost the activity monitor
during the study or it was on only for a week before
dry-off (n = 11), cows had clinical mastitis at dry-off
(n = 5; 3 GRAD, 2 ABR cows), cows aborted or were
diagnosed open during the dry period (n = 4), and
cows were culled or they died during the dry period
(n = 4, 2 for foot problems, one for gastrointestinal
problems, one for an unknown reason). Descriptive
statistics on the study cows are presented in Table 1.
Somatic cell count (log-transformed) on the last test
day, DIM at dry-off, and parity distribution did not dif-
fer between the milk cessation groups. Over half of the
cows in both groups were first-lactation cows, entering
their first dry period. Fewer GRAD cows were included
in summer because one summer group of 1x cows was
by mistake milked 1x for 2 wk and therefore those cows
were excluded. At enrollment, daily milk yield did not
differ between the groups (23.9 + 1.3 kg, range 10.7
to 39.1 for GRAD vs. 24.7 £+ 1.6 kg, range 9.9 to 46.2
for ABR), but at dry-off the GRAD cows produced
significantly less milk than the ABR cows (14.3 4+ 1.0
kg; range 5.8 to 24.4 kg vs. 22.7 £+ 1.6 kg; range 8.3 to
46.2 kg, respectively, Table 1).

Activity and Lying Behavior Before Dry-Off

Summaries of daily activity of the cows (total daily
lying time, average lying bout length, number of lying
bouts, and steps taken) before dry-off are presented in
Figure 1. Considerable individual variation from cow
to cow and day to day was observed, but on average
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cows laid down 10.7 + 2.5 h/d (mean + SD) during
the 2-wk period before dry-off. The average length of
a lying bout during this time was 73 (£30) min/bout;
cows had on average 9.8 (£3.5) lying bouts/d and took
2,497 (£515) steps daily. The GRAD and ABR cows
did not differ in their activity during the week before
the intervention (Figure 1). Additionally, lying behav-
ior or the number of daily steps of the GRAD cows did
not significantly change during the intervention [i.e.,
the last week of lactation (d —7 to —1), when compared
with the baseline (d —14 to —8 before dry-off); results
from the models not shown, Figure 1)].

Activity and Lying Behavior After Dry-Off

Univariable Screening. In the univariable screen-
ing, milk cessation method was not significantly (P >
0.05) associated with any of the outcomes, but milk
yield before dry-off (both PRMI and DRMI) was as-
sociated with lying bout length, total lying time, and
number of steps taken. The number of daily lying bouts
was not associated with milk cessation method nor milk
yield before dry-off. The DAYSDO was significantly
associated with all activity measures, with the numeri-
cally largest and significant differences observed during
the first 2 to 3 d after dry-off when compared with the
baseline period. LogSCC was not associated with any
of the outcomes.

Lying Bout Length. Of the lying behaviors mea-
sured, the average length of a lying bout appeared to be
most affected by the dry-off method. Results from the
final model with the average lying bout length as the
outcome are presented in Table 2. Gradually dried-off
cows tended to have approximately 9 min longer lying
bouts than abruptly dried-off cows after dry-off. The
DAYSDO was associated with lying bout length, with
cows having significantly shorter lying bouts on the day
of dry-off and the 2 d following dry-off than during the
second week of the dry period. Each 5-kg increase in
PRMI shortened the length of an average lying bout by
about 4 min. If DRMI was included instead of PRMI
and milk cessation method dropped from the model, a
similar effect was seen: higher milk yield significantly
decreased the length of a lying bout (by 5 min, P =
0.0011). Older cows had shorter lying bouts after dry-
off compared with primiparous cows, and cows dried off
during spring had longer lying bouts than cows dried
off in summer.

Our earlier results from this project indicated that
primiparous and multiparous cows responded differ-
ently to the 2 milk cessation methods with respect to
their udder health (Gott et al., 2016, 2017) and we
hypothesized that their behavioral activity may differ
as well. Therefore, lying bout length of primiparous and



multiparous cows after dry-off was examined in more
detail by running separate models for the 2 groups
of cows: milk cessation method was not significant in
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Table 1. Descriptive data on gradually and abruptly dried-off Holstein cows enrolled in a study assessing the
effect of milk cessation method and milk yield on dairy cow activity around dry-off"

Ttem Abrupt (n = 29) Gradual (n = 29) P-value®
Parity® (no., %)
1 18 (62.1) 17 (58.6) 0.7884
2+ 11 (37.9) 12 (41.4)
PRMI" (kg) 24.7 + 1.6 23.9 + 1.3 0.7176
DRMI* (kg) 22.7 4+ 1.6 14.3 + 1.0 0.0001
logSCC at last test day* 4.9+ 1.2 4.6 + 1.4 0.4748
DIM at dry* 364 + 12 335+ 8 0.0557
Dry-off season® (no., %)
Spring 11 (37.9) 18 (62.1) 0.0660
Summer 18 (62.1) 11 (37.9)

'Gradual cessation cows were milked once daily for the final week of lactation and then dried off. Abrupt ces-
sation cows followed the farm’s normal milk schedule (3x/d) until dry-off.

?P-values reflect comparisons between the study groups, using chi-squared test for categorical and ttest for
continuous variables.

3The percentages indicate the proportions within treatment groups.

"The mean + SE are reported. PRMI is an average of d 8 and 9 before dry-off, and DRMI is an average of d
1 and 2 before dry-off.

either model (P > 0.4 and thus dropped) and DRMI
was included in the model instead of PRMI, as it was
considered to better reflect the situation at the time
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Figure 1. Summary data on daily activity and lying behavior measures (mean + SE) among abruptly (dark solid line with triangles, n =
29) and gradually (gray dashed line with circles, n = 29) dried off cows during the last 2 wk before dry-off. Data include lying bout length (A),
lying time (B), the number of lying bouts (C), and the number of steps (D). On d —7 the intervention started and gradual cows were only milked
once daily, even though they went through the parlor at all 3 milkings. Abrupt cows remained on 3x milking/d until the day of dry-off (d 0).
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of dry-off. Cows going through their first dry period
appeared to be more affected by high milk yield at dry-
off than older cows (Table 3). As DRMI increased by
5 kg, the average lying bout length was shortened by 6
min among primiparous cows, whereas among the older
cows the effect only tended toward significance and was
numerically smaller.

Daily Lying Time. Total daily lying time after dry-
off was not significantly associated with milk cessation
method (Table 2). However, similarly to lying bout
length, higher PRMI significantly reduced daily lying
time, by 0.31 h/d (19 min/d) for each 5-kg increase.
The total daily lying time of primiparous and multipa-
rous cows did not differ, but DAYSDO, season of dry-
off, and DIM at dry-off were associated with daily lying
time. An interaction between milk cessation method
and DAYSDO was significant (P = 0.0007) and sepa-
rate models were run for the study groups, with DRMI
in the model. In the ABR group, daily lying time was
significantly shorter on d 2, 3, and 4 after dry-off (up to
1.1 h shorter on d 2, P = 0.0008) compared with base-
line (2nd week of the dry period, d 7 to 14), and with
every 5-kg increase in DRMI daily lying time decreased
by 0.4 h (or 25 min, P = 0.0353). In the GRAD group,

RAJALA-SCHULTZ ET AL.

on the other hand, DRMI was not associated with lying
time (P = 0.2553) and no differences in lying time were
observed across days after dry-off (P > 0.6), except
that cows laid down 1.3 h longer (P < 0.0001) on the
day of dry-off compared with baseline.

Number of Lying Bouts and Steps. The number
of lying bouts or steps taken after dry-off were not af-
fected by the milk cessation method (P > 0.8 and P >
0.4, respectively) nor by milk yield at dry-off, but DAY-
SDO was significantly associated with both of these
parameters (P < 0.001). Cows had significantly more
lying bouts on the day of dry-off and during the first 2
d after dry-off compared with the baseline (results from
the final models not shown). A clear and significant
decrease was observed in the number of steps taken
after dry-off when compared with the time before dry-
off (Figure 1). Cows also took fewer steps on the day of
dry-off and during the first week of the dry period when
compared with the second week after dry-off.

The tested 2-way interactions, such as those between
milk cessation method and DAYSDO, parity, season,
or milk yield at enrollment, were not significant in any
of the models, except for interaction between milk ces-
sation method and DAYSDO for the total daily lying

Table 2. Results from the final models' assessing the effect of milk cessation method and milk yield before dry-off on cow lying behavior, with

lying bout length and daily lying time after dry-off as the outcomes®

Lying bout length (min)

Total daily lying time® (h)

Variable Estimate SE P-value Estimate SE P-value
Milk cessation method
Gradual 8.54 4.67 0.0679 —0.21 0.51 0.6779
Abrupt Ref.* — — Ref. — —
Days from dry-off <0.0001 0.0069
0 —12.65 2.84 <0.0001 0.13 0.32 0.6783
1 —8.50 2.84 0.0013 —0.53 0.32 0.0949
2 —7.70 2.84 0.0067 —1.20 0.32 0.0002
3 2.72 2.84 0.2441 —0.83 0.32 0.0096
4 —0.81 2.84 0.9525 —0.82 0.32 0.0099
5 1.21 2.84 0.5813 —0.32 0.32 0.3075
6 —2.64 2.84 0.3252 —0.12 0.32 0.6966
7-14 ) Ref. Ref.
Milk yield at enrollment” (kg/d) —3.57 1.53 0.0198 —0.31 0.14 0.0305
Parity at dry-off
Multiparous —11.90 4.85 0.0146 Not in the model NS
Primiparous Ref.
Dry-off season
Spring 12.08 4.82 0.0124 —1.63 0.49 0.0037
Summer Ref. — — Ref. — —
DIM at dry-off Not in the model NS —0.01 0.004 0.0095
Intercept 93.80 8.76 0.0001 18.32 1.80 0.0002

'Gradual cessation cows were milked once daily for the final week of lactation and then dried off. Abrupt cessation cows followed the farm’s

normal milk schedule (3x/d) until dry-off.

Correlated data structure between daily observations from individual cows was accounted for using compound symmetry covariance structure,
and “dryset” (a weekly set of cows dried off together) was included as a random effect in the model.

*Interaction term between milk cessation method and days from dry-off was significant in the daily lying time model, but is not shown in the

table.

‘Ref. = reference level to which other levels of the categorical variable were compared.
°An average milk yield from d 8 and 9 before dry-off, scaled to reflect a 5-kg change.
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Table 3. Results from the final model,' stratified by parity, assessing the effect of milk yield on lying bout length after dry-off in a Holstein

herd housed in a free-stall barn

Primiparous (n = 35)

Multiparous (n = 23)

Variable Estimate SE P-value Estimate SE P-value
Milk yield at dry-off® (kg/d) —6.40 2.38 0.0074 —2.84 1.7 0.0968
Days from dry-off 0.0065 0.0131
0 —12.00 3.92 0.0023 —13.64 3.98 0.0007
1 —8.25 3.92 0.0359 —8.87 3.98 0.0265
2 —9.49 3.92 0.0159 —4.97 3.98 0.2128
3 2 0.77 3.92 0.4811 2.66 3.98 0.5651
4 0.23 3.92 0.9526 —2.40 3.98 0.5468
5 2.31 3.92 0.5670 —0.35 3.98 0.9304
6 —1.32 3.92 0.7369 —4.65 3.98 0.2431
7-14 Ref.? — — Ref. — —
Dry-off season
Spring 14.21 7.74 0.0670 8.78 7.70 0.2556
Summer Ref. — — Ref. — —
Intercept 103.71 9.96 <0.0001 81.91 7.16 <0.0001

!Correlated data structure between daily lying bout lengths of a cow was accounted for using compound symmetry covariance structure and by
including “dryset” (a weekly set of cows dried off together) as a random effect in the model.

?An average milk yield from d 1 and 2 before the day of dry-off, scaled to reflect a 5-kg change.

Ref. = reference level to which other levels of the categorical variable were compared.

time. Assessment of the diagnostic residual plots did
not reveal any violations regarding normality of the
residuals or raise any other concerns about the fit of the
models. Least squares means and standard errors from
the final models for the 4 activity parameters among
ABR and GRAD cows after dry-off are presented in
Figure 2.

DISCUSSION

The main objective of the study was to assess the
effect of gradual and abrupt cessation of milking and
milk yield at dry-off on activity of dairy cows after
the final milking at the end of the lactation. Results
from this study indicated that cows’ lying behavior, as
described by average lying bout length and total daily
lying time, was affected by dry-off, especially within
the first 2 to 3 d after the cessation of milking. Cows
dried off gradually tended to have longer lying bouts
than abruptly dried-off cows during the first week after
dry-off. Furthermore, milk cessation method signifi-
cantly affected the level of milk production at dry-off,
which in turn was associated with the lying behavior.
Although no differences were present in milk yield at
the beginning of the study between the study groups,
gradual dry-off significantly reduced milk production,
in agreement with previous reports (Davis et al., 1999;
Tucker et al., 2009; Newman et al., 2010).

A main finding from this study was that cows pro-
ducing high amounts of milk at dry-off had shorter
lying bouts and shorter daily lying time after dry-off
than their lower-producing herdmates. This may indi-

cate pain or discomfort associated with the cessation
of milking, as modern high-producing dairy cows often
produce substantial amounts of milk at the time of dry-
off (Chapinal et al., 2014; Gott et al., 2017) and lying
down on the distended, engorged udder can be painful.
Drying cows off abruptly based on expected calving
date is a widely implemented management practice in
many countries (Dingwell et al., 2001; Bertulat et al.,
2015; USDA, 2016). Because milk synthesis continues
several days after the final milking, the accumulating
milk can cause considerable increase in the internal
pressure and distension of the mammary gland, espe-
cially among high-producing cows (Davis et al., 1999).
In dairy cows, udder engorgement has been reported to
be highest on d 2 after dry-off (Bertulat et al., 2013;
Bach et al., 2015). Fecal glucocorticoid metabolites,
indirect stress indicators, increased in all cows after
sudden dry-off, peaked at the same time when the
udder pressure was greatest and this was most pro-
nounced among the highest producing cows (Bertulat
et al., 2013). Udder engorgement or pressure was not
measured in the current study, but the most significant
changes observed in the lying behavior coincided with
the timing of reported peak udder engorgement. This
could imply cows were experiencing discomfort, as sug-
gested by others (Tucker et al., 2007; Bertulat et al.,
2013; Chapinal et al., 2014). The terms pain and dis-
comfort are often used interchangeably in the literature
related to drying-off of dairy cows. Both terms refer to
something unpleasant, subjectively experienced by the
animal; however, pain has a definition as “an unpleas-
ant sensory and emotional experience associated with
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actual or potential tissue damage, or described in terms
of such damage pain” (IASP, 2017). During the involu-
tion process, mammary secretory tissue goes through
apoptotic, programmed cell death (Capuco and Akers,
1999; Silanikove et al., 2013) and the term pain appears
appropriate in this context.

We had anticipated that 1x milking could cause
some pain due to filling of the udder and this would be
seen in more frequent and shorter lying bouts and more
steps taken by the cows on the gradual dry-off treat-
ment during the intervention week compared with their
own activity before the intervention. However, no such
effects were observed, in agreement with the results
of Tucker et al. (2009), who did not find behavioral
differences around dry-off in pasture conditions. It is
worthwhile, though, to keep in mind the differences in
milk production levels of cows raised on pasture and in
confinement. Stefanowska et al. (2000), on the other
hand, reported that especially high-producing cows in
mid lactation with omitted milking showed some signs
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of discomfort based on longer standing times in the
cubicles and more frequent urination after the omitted
milkings. Otherwise, once a day milking in mid and
late lactation has been reported to have only minor
effects on the behavior of milking cows and not to im-
pair welfare of cows (Pomies et al., 2007; Tucker et
al., 2007; O’Driscoll et al., 2011). Also based on the
results of the current study, it appears that reduced
milking frequency at the end of lactation does not af-
fect lying behavior before dry-off, but it could improve
cow comfort after dry-off by reducing the level of milk
production before the final milking. Additionally, we
previously reported that reduced milking frequency
before dry-off was associated with lower SCS in the
subsequent lactation (Gott et al., 2017). Gradual dry-
off and lower milk yield at the time of dry-off have
also been associated with less milk leakage after dry-off
and fewer IMI at the following calving (Oliver et al.,
1990; Rajala-Schultz et al., 2005; Zobel et al., 2013),
even though parity differences may exist (Gott et al.,
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Figure 2. Least squares means (£SE) of average lying bout length (A), lying time (B), the number of lying bouts (C), and the number of
steps (D) after dry-off from respective final mixed effects models among abruptly (dark solid line with triangles, n = 29) and gradually (gray
dashed line with circles, n = 29) dried off cows during the first week of the dry period (d 0 was the day of dry-off). Gradual cows were milked
once daily for the last week of lactation, even though they went through the parlor at all 3 milkings. Abrupt cows remained on 3x milking/d

until the day of dry-off (d 0).
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2016). Even though the current, widely implemented
practice of abrupt dry-off is justified by easy execution
and reduced labor demands in the increasingly larger
dairy herds compared with gradual dry-off, both udder
health and cow comfort perspectives warrant reconsid-
eration of this practice.

Cows dried off using a gradual method in the current
study could not be sorted or separated into their own
group during the period of reduced milking frequency.
Instead they entered the milking parlor with the rest of
the late lactation group at every milking, but were only
milked once a day. This was an initial concern due to
the potential milk letdown and leakage of milk as this
could keep teat ends open and predispose cows to IMI.
However, the herd personnel did not report any con-
cerns about milk leakage during the 1x period and we
did not notice this affecting udder health of the GRAD
cows during the intervention week in the larger study
(Gott et al., 2016, 2017). This arrangement, however,
provided us an excellent opportunity to compare the
activity of the cows between the milk cessation groups
as well as among the cows in the gradual dry-off treat-
ment during different time periods: the analyses were
not confounded by the time away from the pen and
walking to and standing in the holding pen and in the
parlor across 1x and 3x milking/d. Different number of
milkings/d undoubtedly affects time budget and activ-
ity of the cows and this was clearly seen in the current
study as well. The number of steps dropped dramati-
cally starting on the day of dry-off in both groups when
the cows were not walking to the parlor any more.

The results of the current study showed that milk ces-
sation method and milk yield at dry-off have a different
effect on the behavior of primiparous and multiparous
cows. Higher milk yield at the end of lactation had a
significant and more noticeable effect on the lying bout
length of primiparous cows when compared with that of
older cows. This is in agreement with results of Chapi-
nal et al. (2014) who speculated that multiparous cows
may not experience udder discomfort due to distension
to the extent younger cows do or that they may be
familiar with the sensation. Also, a recent study com-
pared behavior of primi- and multiparous transition
cows and due to the differences observed in feeding and
lying behavior, the authors concluded that primiparous
cows may benefit from different management during
the transition period (Neave et al., 2017).

The idea about different management for different
age groups is corroborated also by the current as well
as our earlier results (Gott et al., 2016) which indi-
cated that milk cessation methods had a different effect
on udder health among primi- and multiparous cows:
gradual cessation of milking among primiparous cows
was associated with reduced risk of IMI, whereas the
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opposite was true for multiparous cows. Additionally,
changes in management, such as regrouping of animals,
disrupt the social structure of a group and increase
agonistic interactions for 2 to 3 d (von Keyserlingk
et al., 2008; Schirmann et al., 2011) and low-ranking
animals, such as primiparous cows, are most affected
by these management changes and likely to experi-
ence stress (Gonzalez et al., 2003; Cook and Nordlund,
2004). Because the dry period lays the foundation for
the next lactation, it is crucial to avoid all unnecessary
stressors that could impair cows’ defense mechanisms
and predispose them to infections or other ailments,
such as metabolic disorders during the transition pe-
riod. Gradually drying off cows may help improve cow
health and comfort by reducing milk yield prior the
final milking and making laying down more comfort-
able for high producing dairy cows.

CONCLUSIONS

High milk yield before dry-off shortened the lying
bout length and daily lying time of cows regardless of
treatment. If cows were dried off gradually, which sig-
nificantly reduced their milk yield before the final milk-
ing, they tended to have longer lying bouts compared
with cows dried off abruptly. Lying time of primiparous
cows was more affected by milk production level before
dry-off compared with multiparous cows, suggesting
that different drying off practices for primiparous and
multiparous cows may be beneficial. These results add
to the growing evidence that using a gradual method
for milk cessation at the end of lactation is beneficial
for dairy cows, as it lowers milk production before the
final milking and allows for better cow comfort at dry-
off.
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