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ABSTRACT

The objective of this study was to describe the rela-
tionship between rumination and feeding and lying be-
havior in dairy cows. Rumination time was monitored
electronically using HR-Tags (SCR Engineers Ltd.,
Netanya, Israel). Feeding time and dry matter intake
(DMI) were monitored using Insentec feed bins (In-
sentec BV, Marknesse, the Netherlands). All measures
were collected in 2-h periods for 42 mature Holstein
cows for a minimum of 9 d in the early dry period.
Pearson correlation was used to describe associations,
among 2-h periods within cow, first examining the re-
lationship within a single period, and then modeling
how this relationship changes when a lag of 2, 4, or 6 h
was imposed. Periods when cows spent more time ru-
minating were associated with lower feeding times and
lower DMI (r = —0.71 and r = —0.72, respectively),
likely because cows were unable to feed and ruminate
simultaneously. The correlations with rumination time
changed from negative to positive when lags of 2, 4,
and 6 h were modeled (r = —0.09, 0.24, and 0.15, and
r = —0.16, 0.23, and 0.17 for feeding time and DMI
at lags of 2, 4, and 6 h, respectively). These results
indicate that following periods of high feeding times
and intakes, cows spent more time ruminating. This
relationship peaks at approximately 4 h after feeding.
Periods of rumination were also associated with time
spent lying down. Cows that spent more time ruminat-
ing per day, spent less time feeding (r = —0.34) and
rumination times did not relate to DMI (r = 0.11).
These data indicate that rumination time can be used
to estimate within-cow variation in feeding behavior
and intake, but daily summaries of rumination behav-
ior are a poor indicator of DMI.
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INTRODUCTION

Rumination is a natural behavior for ruminants; it
is required to break down the size of feed particles so
that they can pass through the reticulo-omasal orifice
(Welch, 1982). Also, it is essential in providing rumen
bacteria greater access to feed particles during microbial
fermentation (Russell and Rychlik, 2001). Rumination
has long been associated with health in dairy cattle
(Radostits et al., 2007) and, more recently, changes in
rumination have been used to assess the responses of
dairy cattle to acute stressors (Bristow and Holmes,
2007; Schirmann et al., 2011) and disease (DeVries et
al., 2009). It has also long been assumed that cows pref-
erentially ruminate when lying down, but we are not
aware of empirical evidence supporting this relation-
ship. Lying times in lactating dairy cattle also follow
a diurnal pattern, inverse to that of feeding behavior
(Fregonesi et al., 2007).

Previous work on rumination has focused almost ex-
clusively on the effects of nutritional treatments (e.g.,
Krause et al., 2002) and digestion of forages (Beauche-
min, 1992). Some authors (e.g., Hasegawa et al., 1997)
have assumed a strong relationship between rumination
time and DMI, suggesting that rumination times may
be used to assess DMI. One study (Krause et al., 2002)
found a positive relationship between long particle DMI
and rumination time, but otherwise little experimen-
tal evidence exists supporting the link and no work
showing the temporal relationship between intakes and
rumination. On a daily basis we might expect a positive
relationship between intakes and rumination, because
higher intakes may require more rumination time to
process. At a more instantaneous level of analysis, we
might expect a negative association, as cows cannot eat
and ruminate at the same time. Instead we expect that
rumination will peak in the hours following a feeding
bout, but the timing of this relationship has not been
studied.

Diurnal patterns of rumination have been described
for heifers (Jaster and Murphy, 1983) and lactating
dairy cows (Krause et al., 2002; Adin et al., 2009),
but no work to date has focused on prepartum cows.
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Nonlactating dairy cows are typically fed and managed
differently than lactating cows. Time of feed delivery
(DeVries et al., 2003; DeVries and von Keyserlingk,
2005), feed push-up (DeVries et al., 2003) and milking
(DeVries et al., 2003; Adin et al., 2009) all influence
when cows feed and likely also when they ruminate.
We, therefore, expected differences in the diurnal pat-
terns of both feeding and rumination behavior between
nonlactating cows used in the current work and lactat-
ing cows studied previously.

The objective of the current study was to describe
the diurnal pattern of rumination in prepartum dairy
cows and determine how this pattern relates to DMI,
times spent feeding and times spent lying down. Fur-
thermore, we were interested in investigating the use
of rumination time as a predictor for DMI. On a daily
basis, we predicted a positive relationship between
time spent ruminating and DMI and feeding time. On
an hourly basis, we expected a negative association
between rumination and feeding time and DMI, and
a positive relationship between rumination time and
lying time.

MATERIALS AND METHODS
Animals, Housing, and Diet

A total of 48 mature nonlactating Holstein dairy
cows (parity = 2.2 + 1.4; mean £+ SD) were used (as
described in Schirmann et al., 2011). Cows were en-
rolled at 40 £ 8 d (mean £ SD) before their expected
calving date and had been dry for 21 £+ 10 d (mean +
SD). The behavior of each cow was recorded for 16 d.
The study was conducted between November 2008 and
January 2009 at the University of British Columbia’s
Dairy Education and Research Centre (Agassiz, BC,
Canada). Animals were cared for according to guide-
lines of the Canadian Council on Animal Care (1993).

Cows were housed in groups of 6 in 2 experimental
pens and both pens were used simultaneously. These
pens were separated by a nonexperimental pen of simi-
lar design. All pens measured 10.2 m x 13 m, and were
equipped with 6 Insentec feed bins (Insentec BV, Mark-
nesse, the Netherlands), 1 Insentec water bin, and 12
lying stalls in 2 rows of 6, fitted with a mattress (Pas-
ture Mat; Promat Inc., Woodstock, Ontario, Canada)
covered with approximately 5 cm of washed river sand.
Cows were provided access to only 3 of the 6 feed bins,
resulting in a cow-to-feed bin ratio of 2:1. The Insentec
system was programmed to allow all cows to access all
3 feed bins and the water bin. Cows were allowed access
to 1 of the 2 rows of 6 stalls by blocking the 6 stalls at
the back, resulting in a cow-to-stall ratio of 1:1.
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Cows were fed a TMR, (Table 1) formulated accord-
ing to the recommendations of the NRC (2001). Cows
were fed ad libitum and fresh feed was provided twice
daily at approximately 0800 + 1 h and 1600 + 1h. Feed
samples were collected twice weekly, at the time of fresh
feed delivery, from both pens and then pooled. The
samples were stored in a freezer and then thawed and
dried at 60°C for 48 h to determine the DM content. For
nutrient analysis, the dried samples were sent to Cum-
berland Valley Analytical Services Inc. (Maugansville,
MD) and analyzed according to the standards of the
Association of Official Analytical Chemists (AOAC,
2005) to determine average CP, ADF, NDF, and NE
content of the feed fed throughout the study (Table 1).
Thawed samples were also used to evaluate particle size
of the TMR using the Penn State Particle Separator
(Kononoff et al., 2003) consisting of 3 sieves and the
bottom pan. The pore sizes of the 3 sieves were 19 mm
(upper sieve), 8 mm (middle sieve), and 1.3 mm (lower
sieve). The TMR was composed of 42.4 + 6.2% (mean
+ SD) particles >19 mm, 34.4 + 5.4% of particles >8
mm, 19.4 4 2.1% of particles >1.3 mm, and 3.8 4 0.7%
of particles <1.3 mm. Particle lengths are reported for
descriptive purposes only.

Behavioral Recording

Rumination Behavior. All cows were fitted with
an individual rumination logger (HR-Tag; SCR Engi-
neers Ltd., Netanya, Israel) on a neck collar to record
rumination time. The rumination logger continuously
records the time spent ruminating within 24 h in 2-h
intervals, as validated by Schirmann et al. (2009). For

Table 1. Ingredients and nutrient composition of the TMR fed
throughout the study’

Amount
Composition as fed % % of DM
Diet ingredient
Grass silage 43.6
Corn silage 39.7
Straw 12.7
Mineral and concentrate mix 4.0
Chemical composition
CP 151+ 14
ADF 32.2 +£ 3.3
NDF 53.1 £ 4.6
NE; (Mcal/kg) 1.43 £ 0.7
Ash 9.6
Starch 7.8
Ca 0.56
P 0.33
Mg 0.29
K 2.5

'Data were averaged from feed samples taken twice weekly.
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data transfer, automatic readers, as part of the same
system, were located above the water bins.

Feeding Behavior. The Insentec system (Insentec
BV), previously validated by Chapinal et al. (2007),
was used to record individual feed intake and time
spent feeding. The Insentec system used each cow’s
radio frequency identification (RFID) to record each
time each cow placed her head into the feed bin, and
calculated the total duration of the feeder visit as well
as the amount of feed consumed during that visit. The
recorded feed intake and the measured DM content
were used to calculate DMI. The durations of each
feeder visit were summed to calculate total feeding time
by day and by 2-h interval within day.

Lying Behavior. All cows were fitted with an activ-
ity logger (HOBO Pendant G; Onset Computer Corp.,
Cape Cod, MA) to record the frequency of lying bouts
and their duration as validated by Ledgerwood et al.
(2010). The data logger was attached to either hind leg
of each cow and programmed to record position of the
cow, lying or standing, once per minute.

Data Analysis

All statistical analyses were performed with SAS (ver-
sion 9.1; SAS Institute, 2003). Data were summarized
by cow and 2-h interval, and by cow and day. Data
from d 0 to 2 relative to regrouping was not considered
in the analysis because regrouping was found to affect
behavior (Schirmann et al., 2011). Days with incom-
plete data due to technical problems were discarded.
Only animals with at least 9 d of data (n = 42 animals
for rumination and feeding behavior, n = 35 animals
for lying behavior) were included in the final analyses.
Diurnal patterns are presented for descriptive purposes
only. Pearson correlation (PROC CORR) was used to
assess the relationship between rumination time and
DMI, feeding time and lying time on a daily and a 2-h
period basis. Correlations on a daily basis were estimat-
ed across cows (data within cow was averaged across
days) and within cows. Correlations on a 2-h interval
basis were calculated within cow only. Rumination time
for each 2-h period was correlated to DMI and feeding
time corresponding to the same 2-h interval as well as
to each of the 3 previous 2-h periods (i.e., considering 2,
4, 6, and 8 h difference between feeding and rumination
behavior). Within-cow correlation coefficients were not
normally distributed and, thus, the Fisher z transfor-
mation was applied before estimating a mean correla-
tion coefficient across cows. Means were tested against
0 by using a t-test (PROC UNIVARIATE). Within-cow
coefficients are expressed as back-transformed means
and 95% confidence interval.
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RESULTS

Diurnal Pattern

Time spent feeding and DMI peaked immediately af-
ter morning and afternoon feed delivery and coincided
with a decrease in time spent ruminating and lying
(Figure 1A-D). Time spent ruminating was highest at
night and between feedings during the day.

Correlation by Day

Across cows, a negative relationship was observed be-
tween average daily rumination time and feeding time
(r = —0.34, P = 0.03), but no relation between daily
rumination time and DMI (r = 0.11; P = 0.48) or lying
time (r = 0.02; P = 0.9). Within cows, a weak nega-
tive correlation was observed between daily rumination
time and daily DMI (Table 2), and a weak positive
relationship with lying time (r = 0.13; 95% CI = 0.001,
0.25; P = 0.047). No relationship existed between daily
rumination time and daily feeding time (Table 2).

Correlation by 2-h Intervals

When tested on a 2-h interval basis, we found nega-
tive relationships between rumination time and feeding
time and DMI (Table 2), and a positive relationship
with lying time (r = 0.60; 95% CI = 0.53, 0.65; P <
0.0001). After adding a 2-h lag, rumination time and
DMI and feeding time were still negatively correlated,
but these correlations were positive when using a lag of
4 h. After a 6-h lag these correlations weakened and no
correlation existed when using an 8-h lag.

DISCUSSION

To our knowledge, this is the first study to describe
diurnal patterns of rumination over an extended pe-
riod and to show how these are related to patterns of
feeding and lying behavior. Overall, the diurnal pat-
tern for rumination time in this study was similar to
that previously described by Deswysen et al. (1989)
for dairy heifers; both studies showed that cattle spend
more time ruminating at night than during the day.
The diurnal pattern for feeding behavior agrees with
findings of DeVries et al. (2003) and Hosseinkhani et al.
(2008), showing 2 peaks in DMT and time spent feeding.
These peaks are largely influenced by the time of fresh
feed delivery, and are known to change in response to
feeding frequency (DeVries et al., 2003). The pattern of
lying behavior observed for the dry cows used in this
study was similar to that previously reported for lactat-
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Figure 1. Diurnal pattern (mean) for rumination time (A), DMI
(B), feeding time (C), and lying time (D) for prepartum multiparous
dairy cows fed a TMR twice daily (approximately 0800 and 1600 h;
indicated with arrows ~L) n = 42 cows for rumination time, DMI, and
feeding time; n = 35 cows for lying time.
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ing dairy cows (Fregonesi et al., 2007), with the lowest
lying time corresponding to peaks in feeding behavior.

Across cows, we observed no correlation between
daily rumination times and daily DMI or lying time.
The high degree of variation in DMI and time spent
ruminating between and within cows and days (Welch,
1982; Harb and Campling, 1985; Dado and Allen, 1994)
may have affected our findings. We did, however, note
a negative correlation between daily rumination time
and feeding time, suggesting that the cows that rumi-
nate more spent less time feeding. Cows are not able to
consume feed and ruminate at the same time, perhaps
explaining this negative correlation.

We found a much stronger negative relationship be-
tween rumination time and feeding time when tested by
2-h interval, and also found a strong negative correla-
tion between rumination time and DMI when tested
by 2-h interval. These results again are likely driven
by cows not being able to ruminate while consuming
feed. The shift from a negative to a positive relation-
ship between rumination time and DMI or time spent
feeding when imposing the 4-h lag can be explained by
a delay in the onset of rumination following ingestion of
feed (Hedlund and Rolls, 1977).

The positive within-cow correlation between rumina-
tion time and lying time on a 2-h interval basis in-
dicates that periods of rumination are more frequent
when cows are lying down; this agrees with the com-
monly held belief that rumination and lying behavior
are associated (Beauchemin, 1991). The relationship
between these measures is far from perfect, in part
because cows lie down without ruminating and in part
because some rumination occurs while cows are stand-
ing. Future work would benefit from continuous records
of both behaviors to better illustrate the nature of the
relationship.

CONCLUSIONS

Our data show no relation between rumination time
and DMI across cows, and only a weak negative rela-
tionship among days within cows observed during the
dry period. These results indicate that the use of daily
rumination times to estimate DMI is limited. Within a
2-h period, a strong negative association exists between
rumination and both DMI and feeding time, indicat-
ing that cows spend little time ruminating during peak
feeding periods. Rumination times are positively as-
sociated with DMI and feeding times after a 4-h lag,
indicating that peak rumination times lag intake by
approximately this time. Rumination and lying times
are positively associated, helping to explain why rumi-
nation peaks at night when cows are most likely to be
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Table 2. Pearson correlation coefficients for the within-cow analysis by day and by 2-h interval between time
spent ruminating and DMI (n = 42) and time spent ruminating and feeding time (n = 42), considering no lag,
2-h, 4-h, 6-h, and 8-h lag between feeding and rumination behavior'

Parameter r (95% CI) P-value
By day
DMI (kg/d) ~0.18 (~0.29, —0.07) 0.002
Time spent feeding (min/d) —0.05 (—0.17, 0.07) 0.40
By interval
No lag
DMI (kg/2 h) ~0.72 (~0.75, —0.69) <0.001
Time spent feeding (min/2 h) —0.71 (—0.75, —0.68) <0.001
2-h lag
DMI (kg/2 h) —0.16 (—0.22, —0.11) <0.001
Time spent feeding (min/2 h) —0.09 (—0.15, —0.04) 0.002
4-h lag
DMI (kg/2 h) 0.23 (0.20, 0.27) <0.001
Time spent feeding (min/2 h) 0.24 (0.20, 0.28) <0.001
6-h lag
DMI (kg/2 h) 0.17 (0.15, 0.21) <0.001
Time spent feeding (min/2 h) 0.15 (0.11, 0.18) <0.001
8-h lag
DMI (kg/2 h) 0.02 (—0.02, 0.06) 0.27
Time spent feeding (min/2 h) —0.01 (—0.05, 0.03) 0.55

!Coefficients were normalized by applying Fisher’s z transformation. Data are presented as back-transformed

means and 95% CI. Means were t-tested against 0.

lying down (and least likely to be feeding). However,
we caution the extrapolation of our results to lactating
dairy cattle, as our observations were limited to cows
during the dry period. We strongly encourage future
work to monitor DMI and rumination behavior on
dairy cattle at various stages of lactation consuming
rations differing in forage type and concentration.
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