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Abstract

Rumination time is one of possible parameters for observing not only feed management and health
status, butalso some reproductive characteristics such asheat or periparturient period. The evaluation
of rumination time in this study was done on Holstein dairy cows in period around heat (n = 297)
and around parturition (n = 322) during one year. SAS 9.3 was used for statistic evaluation. Factors
such as heat or periparturient period but also a parity or month within the year have significant
impact on rumination time. The decrease of rumination time in the average of 19% (more than
100 minutes) was observed in heat time against days before heat. Similarly, decrease of rumination
time more than 110 minutes was observed on the day of parturition in comparison with days before
that day. However, the return to normal rumination time values was gradual within 3 day after
calving. The results indicated that in healthy cows the rumination time can be a good indicator not

only of approaching periparturient but also of incoming heat.
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INTRODUCTION

In dairy farming optimal breeding conditions
with regard to feeding, microclimate, housing and
other aspects are very important (Sordillo, 2016;
Berry et al, 2016). Adequate milk production of
outstanding quality parameters and preservation of
good reproduction at the same time can be achieved
only by optimization of animal living conditions.
Whatever inconsistency between animals and
environmental factors leads to stress situation with
a consequence of metabolic problems, different
diseases (Lacasse et al,, 2018), decrease of milk yield
and reproduction problems (Khan et al, 2016). It
is exactly improved reproduction that is one of the
main targets of the high-yield dairy farms in recent

time. For this reason, modern farms apply different
kind of strategies to improve reproduction and
different automatic elements — such as leg or neck
sensors — helping them to monitor cows during the
whole day.

These simple neck or leg sensors equipped with
passive chips are able to monitor various data related
to locomotion activity or different physiological
parameters. One of the possible applications is
utilization of frequency of cows’ ruminant activity
during the day. Monitoring of rumination time
allows detect metabolic disorders, heat time, or
reproduction problems and changes in health.

Rumination time is affected by quantity and
quality of the feed ration, the parity and its
phase (Beauchemin and Rode, 1997; Yang and
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Beauchemin, 2006; Adin et al, 2009). Bulky feed
with higher fiber content requires higher amount
of chewing movements (Suzuki et al, 2014). This
can be put into context with length of individual
feed particles, when longer particles require longer
rumination time (Ngrgaard et al, 2011). Another
factor that affects the length of rumination is lying
time (Schirmann et al, 2012) and heat time (Reith
and Hoy, 2012; Miciakovéa et al, 2018). According
to de Ondarza et al (2017) changes in rumination
time may indicate health problem earlier than
clinical changes occur and before decrease of milk
production. Optimal rumination time in -cattle
should be in range of 8 to 10 hours, eventually
12 hour a day in 4 to 20 time intervals that last from
10 to 60 minutes (Gaspardy et al, 2014; Liboreiro
et al, 2015). Decrease of rumination time from the
average by 30-40 minutes already represents some
sort of problem. Reduction of rumination time can
indicate some problem in metabolic activity, health
status and fertility (Werner et al., 2018). Shortening
of ruminant and lying time is confirmed indicator
of approaching periparturient (Borchers et al,
2017). From the above-mentioned literary sources,
it follows that the time of rumination is dependent
on several factors and it is influenced partly by the
health condition, partly the manifestations of heat
or by periparturient and its difficulty. However,
each study using different instruments to measure
rumination time under different conditions and
confirms different effects of heat and periparturient
on this activity. The aim of this work was to evaluate
the development of rumination time in dairy cows
during the heat and during the periparturient
period.

I: The composition of feed ration for individual cattle groups

MATERIALS AND METHODS

Breeding Management

The experiment was carried out on a farm with
Holstein breed in Pilsen region Czech Republic. At
time of the study there was a total number of 636
dairy cows with average milk yield of 10 494 kg, 3.87%
fat and 3.43% protein (standard 305 d lactation). In
the study of the length of the rumination time based
on selected indicators the total number of 550 cows
were included. System Heatime with responder HR
LD (herd rumination long distance) (SCR Engineers
Ltd., SCR Europe, Italy) was used for identification of
reproduction parameters (periparturient, heat). The
observation was based on monitoring of chewing
activity that was recorded by an acoustic rumination
sensor placed on the collar, behind the left ear of the
cow. Housing capacity of free stall barn with cubicles
was 636 places. The boxes were stabled with manure
separate using telescopic handler and beds were
limed twice a week. Manure cleanup was carried
out three times a day using a tractor with front plow.
Cows were served with a complete feeding ration
delivered by fodder mixing wagon Strautmann Verti-
Mix 1700 Double (B. Strautmann & Séhne GmbH u.
Co. KG, Germany) with two screw conveyors, see
Tab. I. Three feeding rations were used based on
milk yield and respective phase of lactation. First
feed ration was designed for cows and primiparous
cows (first calf heifers) in their first part of lactation
(6.-100. day of lactation). This ration was served
once a day. Production feeding rate was served
from 100 day till the end lactation two times a day.
The last feed ration was designed for cows in their
dry period and before periparturient and was
delivered twice a day. Changes between dry period

Kind of component First part of lactation (kg) Production time (kg) Dry period (kg)
Corn silage 18.00 22.00 8.00
Production mix 8.50 10.00 -
Haylage — clover 4.00 5.00 3.00
Haylage — grass 4.00 6.00 3.00
Haylage — mixture 3.50 5.00 5.00
Meadow hay 0.50 0.50 2.00
Wheat straw 0.50 0.40 3.00
Brewer’s grains 5.00 6.00 6.00
Beet molasses 1.00 1.00 -
Glycerol 0.30 - -
Extruded corn + urea 1.00 1.00 0.20
Sodium bicarbonate 0.15 0.15 -
Periparturient pen — mix - - 2.20
Total (kg) 46.45 57.05 3240
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feeding ration and start of lactation ration were
gradual and started 14 days before parturition.
The feed was push to a fodder table with tractor
equipped with front plow in all stables nine times
a day. Milking was carried out in herringbone
parlour Germania (Germania Dairy Automation,
Inc., USA) with fast output and 2 x 12 boxes. Cows
were milked three times a day (at 2:00; at 10:50 and
at 18:20). Reproduction management was secured
by co. Insemina HorSovsky Tyn via artificial
insemination procedures.

Statistical Evaluation

Statistical evaluation was carried out in SAS 9.3
(SAS/STAT® 9.3, 2011) program. The rumination
time around the period of heat as the first parameter
in the study was evaluated in the course of one
year. Each tested cow was evaluated for 8 days,
therefore the number of observations was 8 time
higher than number of animals in test (n = 2 376).
The second parameter in study was the rumination
time in periparturient period. Each tested cow
was evaluated for 11 days, therefore the number
of observations was 11 time higher than number
of animals in test (n = 3 220). Procedures MEANS
and UNIVARIATE were used for dataset basic
parameters determination. Pearson correlation
coefficients computed by CORR procedure were
used for analysis of mutual relationships. Procedure
REG, method STEPWISE was used for choosing best
model evaluation for observed parameters. Effect
of parity was adapted on 5 levels (1. lactation,
2. lactation, 3. lactation, 4. lactation and 5 and
other lactation) because the higher then 6 lactation
had low frequency. Procedure GLM was used for
evaluation of individual effect. Detailed evaluation
of differences between effect levels were done with
Tukey-Kramer test.

Model equations for rumination time around
heat evaluation:

Yium=t + @+ b+ ¢ +d + D*(DIM) + e, (@}

when:

b/ P— values of dependent variable (rumination
time around heat),

[/ general dependent variable;

2 B—— fixed effect of parity (i =1, n = 880; i = 2,

n=2864;1i=3n=2344; i =4, n =152;
i=5 and other,n = 136);

Do fixed effect day of period around heat
(j=7day before, n= 297; j=6 day before,
n=297; j= 5 day before, n= 297; j= 4 day
before, n= 297; j= 3 day before, n= 297,
j= 2 day before, n=297; j= 1 day before,
n=297; j=day of heat, n=297);

Cpoensenenn fixed effect month of heat (k=1, n=8;
k=3, n=288; k=4, n=152; k=5, n= 208;
k=6,n=192; k=7,n=232; k=8, n=160;
k=9,n=288;k=10,n=384;k=11,n=336;
k=12,n=328);

7 A fixed repeated effect of animal (n =297);
b*(DIM)...linear regression on lactation day in heat;
L — random residual error.

Model equation for rumination in periparturient

period:

Yim =+ + bj +c, +d +Db*(LC) +€im (2)
when:
b P— values of dependent variable (rumination

time in periparturient period),
general dependent variable;
fixed effect of parity (i= 2, n=1815;i=3,
n= 924; i= 4, n= 484; i= 5 and other,
n=319);
[ fixed effect day of periparturient period
(j= 7 day before, n= 322; j= 6 day before,
n=322;j=5 day before, n= 322; j= 4 day
before, n= 322; j= 3 day before, n= 322;
j= 2 day before, n= 322; j= 1 day before,
n=322; j= calving day, n= 322; j= 1 day
after, n= 322; j= 2 day after, n= 322;
j=3 day after, n= 322);
fixed effect month of calving (k=1,
n=231; k=2, n=253; k=3, n=231; k=4,
n=132;k=5,n=297; k=6,n=209; k=7,
n=374;k=8,n=418;k=9,n=330; k=10,
n=363;k=11,n=341;k=12,n=363)
7 A fixed repeated effect of animal (n = 322);
b*(LC).....linear regression on length of calving;
........... random residual error.

The significance levels P<0.05, P<0.01 and
P <0.001 were used to evaluate differences between
groups.

RESULTS

First part of evaluated data deals with basic data
statistic of heat and parturition. Rumination time
in period from 7 to 2 days before heat was without
any changes with average of 625 minutes (n = 297).
Minimal values in this period were in the range from
359 to 492 minutes and maximal values in range
from 795 to 830 minutes. Decrease of rumination
activity has been recorded 1 day before heat
(610.10 min) with reduction of ruminating activity
by 2.5%. On the day of heat the period of chewing
was about 81% (508.69 min) in comparison with
the period of 7 to 2 days before heat. This decrease
of approximately 100 minutes was noticeable on
minimal and maximal values. This difference is also
reflected in standard deviations, which increases
with the approaching heat.

Evaluation of rumination time in period before
parturition was based on 322 observations. Average
time of rumination in this period decreased only
minimally — from 601.01 minutes (7 days before
parturition) to 585.29 minutes (1 day before
parturition). In this period standard deviations
increased (from 73.59 to 89.07 minutes) with
relatively small changes in minimum and maximum
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values. On the day of parturition the average
rumination time decreased to 383.09 minutes
(reduction of 36.26% compared to the time of
chewing 7 days before delivery). In addition,
there was a significant increase in the standard
deviation indicating a different physiological state
of individual dairy cows at delivery and differences
in their response to the physiological stress of
parturition. Subsequently, the rumination time
returned slowly to normal after calving. On the
first day after parturition only 389.66 minutes of
rumination time were recorded on average and
with relatively large individual differences between
individual animals (from 3 to 630 minutes). On the
second day after calving the rumination time has
increased by 78.84 minutes on average. On the third
day after calving the average rumination time of
532.36 minutes was measured. Standard deviations
of the length of rumination time in first 3 days
after calving and thus the differences between
animals were quite high (SD values from 117,38 till
122,67 minutes).

In Tab. II are shown correlations between parity
and length of rumination time measured from
the seventh day before heat to the oestrus. The
parity has low correlation to rumination time on
heat day (r = 0.139; P < 0.05). Rumination periods
in days before heat were strongly correlated
(r = 0.490 to 0.668; P<0.01). Periods of rumination
7 days before heat in comparison with the length
of rumination period on the day of heat were in
weaker correlation (r=0.367 to 0.421; P<0.01).

These results indicate not only the appropriateness
of monitoring the time of rumination before heat,
but also certain individuality between observed
animals with respect to their metabolic state.

Tab. III shows relationships between parity and
time of rumination in the course of 7 days before
parturition, on the day of parturition and 3 days
after calving. Parity was negatively correlated with
all periods of rumination — before parturition, in
time of parturition and in time after (r = -0.254 to
-0.438; P < 0.01). Durations of rumination between
seventh and the first day before parturition were
very strongly correlated (r = 0.451 to 0.665; P <0.01).
Duration of rumination time before parturition with
time of ruminating in the day of parturition were
in medium strong and strong correlation (r = 0.306
to 0.445; P < 0.01). Relatively large dispersion of
correlation intension was detected between time
of rumination in days before parturition and in
days after parturition (r = 0.198 to 0.433; P < 0.01).
In opposite, the rumination time in the day of
parturition was in medium strong correlation only
with rumination time in first day after parturition
(r = 0.393; P < 0.01). Time of rumination in the day
of parturition and time of rumination in second
and third day after calving was only in a weak
correlation (r = 0.123 to 0.131; P < 0.05). These
results can indicate that cows deal differently
based on physiological stress of parturition and
postpartum period. Eventually, the correlation
between time of rumination in postpartum were
high again (r = 0.425 to 0.607; P < 0.01).

II: Correlations between rumination time and days before and in heat period

7 day 6 day 5 day

4 day 3 day 2 day 1 day

before before before before before before before heat day
) r 0.053 0.008 -0.018 -0.030 0.026 -0.044 0.064 0.139
ari
partty P 0.360 0.889 0.751 0.610 0.655 0.454 0.268 0.017
7 day r 0.594 0.632 0.668 0.604 0.569 0.554 0.391
before P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
6 day r 0.561 0.612 0.533 0.518 0.511 0.369
before P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
5 day r 0.629 0.619 0.650 0.490 0.414
before P <0.001 <0.001 <0.001 <0.001 <0.001
4 day r 0.632 0.642 0.561 0.435
before P <0.001 <0.001 <0.001 <0.001
3 day r 0.583 0.492 0.400
before P <0.001 <0.001 <0.001
2 day r 0.506 0.367
before p <0001  <0.001
1day r 0.421
before P <0.001

r ... correlation coefficient; P .... statistical significance
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III: Correlations between rumination time and days of periparturient period

7day 6day 5day 4day 3day 2day 1lday calving 1day 2day 3day
before before before before before before before day after  after  after
) r -0.364 -0.359 -0.334 -0278 -0.360 -0422 -0438 -0322 -0424 -0.315 -0.254
arit
party P <0.001 <0.001 <0.001 <0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
7 day r 0.573 0.602 0569 0570 0.598 0451 0345 0375 0213 0.229
before p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
6 day r 0.605 0579 0575 0503 0461 0331 0433 0274 0250
before p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
5 day r 0.654 0652 0665 0518 0306 0378 0236 0.191
before p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.0006
4 day r 0.605 0.628 0.537 0393 0363 0234 0.231
before p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
3 day r 0.659 0.591 0392 0424 0295 0.269
before P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
2 day r 0.598 0412 0416 0337 0.327
before P <0.001 <0.001 <0.001 <0.001 <0.001
1day r 0445 0290 0238 0.198
before P <0.001 <0.001 <0.001 <0.001
calving T 0393 0131 0.123
day P <0.001 0.019 0.027
1day r 0577 0425
after P <0001 <0.001
2 day r 0.607
after P <0.001

r ... correlation coefficient; P .... statistical significance.

Detailed evaluation was made by the GLM
procedure (ANOVA method). For evaluation of
rumination time before the heat and during
heat, effects of parity, month of heat, days of
lactation and the period (days before the heat
and the days of heat) were entered into model
equation. All described effects were statistically
significant (P < 0.01). Model equation (P < 0.01) in
this evaluation explained 28.7% of the variance of
ruminating time. Within the effect of parity, low
values for animals calved for the first time and
animals in fifth and more lactation were observed.
In opposite, animals in second, third and fourth
lactation had slightly higher and substantially more
balanced length of rumination time. With increased
parity the medium error and thus also differences
among animals were increased Effect of month
of heat exhibited many differences, which were
statistically significant (P < 0.05). The highest values
were obtained in May and June and the lowest
values were obtained from January to March. It is
to a certain extent connected with quality of feed
ration. Results of effect of period are shown in Fig. 1.
It follows that between the seventh and second day

before heat there are only minimal fluctuations in
rumination time. Statistically significant decrease
(P < 0.05) is noticeable on the day before detected
heat. Significant decrease occurs in the day of
heat (P < 0.01). The decrease in comparison to the
day before heat is 101.42 minutes in average. The
decrease of 18.58% was recorded comparing the
length of rumination in the day of heat and 7 days
before the heat.

For evaluation of rumination time in the
periparturient period till the day of parturition the
following effects were recorded: parity, month of
parturition, length of parturition and the period of
7 days before and 3 days after parturition. In this
case all effects of model equation were significant
(P < 0.01). The model equation explained 50.9%
variability of ruminating time in parturition period.
Due to the use of HR LD responders only at the first
periparturient only differences among animals
on the second, third, fourth, respectively fifth and
more lactations were evaluated. It was evident,
that rumination time has decreased significantly
(P < 0.05) with increased age of animals and with
increased parity. Difference between dairy cows
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2: Evaluation of rumination time in period around periparturient
Different letters in columns means statistical significance P < 0.01

on the second lactation and cows on the fifth and
more lactation was actually 96.93 minutes. Within
the effect of month of parturition as well as in the
evaluation of the month of heat many significant
differences (P < 0.05) were recorded. The longest
rumination times were recorded during May, June
and in October. On the other hand, the lowest values
were found from January till March and also during
September. These results confirmed relationship
to feed ration quality during the year. In Fig. 2, the
evaluation of length of rumination time in parturition
period (from 7 days before to 3 days after parturition)
is presented. From the seventh day before parturition
to one day before parturition the rumination time
has slightly decreasing tendency. Nevertheless, the
decrease is not statistically conclusive. On the other
hand the difference of the length of rumination
time recorded one day before parturition and on
the day of the parturition was 201.74 minutes. Total
decrease of rumination time during the period from
7 days before parturition till the day of parturition
was 37.71%. Which means that in all evaluated days
before parturition time of feeding and ruminating
were significantly longer (P < 0.01). One day after
parturition the rumination time has slightly increased

(+6.94 minutes) nevertheless, it was significantly
lower (P < 0.01) than in all evaluated days before
parturition. On the second day after parturition time
of rumination was by 90 minutes longer than on the
day of parturition. On the third day after parturition
rumination time was over 500 minutes on average.
On one side, the rumination time during the second
and third day after parturition was significantly lower
(P <0.01), than one day before parturition and on the
other hand it was significantly higher (P < 0.01) than
during parturition day.

DISCUSSION

Monitoring of the rumination time in relation
to heat detection is subject of a number of studies,
such as Pahl et al (2015). These authors observed
a decrease of rumination time in the period before
heat till the onset of heat by 75minutes, while we
observed a decrease of more than 100 minutes.
Similar results as in our study were observed by
Reith and Hoy (2012), who recorded a decrease of
16 minutes between the second and first day before
the heat and a decrease in rumination activity
between the first day before the heat and day in
heat by 67 minutes.
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Similarly, as in our results, the decrease of
rumination time in the week before parturition
was confirmed by Blchel and Sundrum (2014).
Also results of Vacek and Krpalkova (2017) indicate
a decline in rumination activity, but only from the
fifth day before calving. Similar values of rumination
time, like in our study, are presented as daily
physiological limit in a week before parturition
by Liboreiro et al. (2015). In this study the average
rumination time observed during the week before
parturition was about 12 hours per day.

In detailed comparison of changes in rumination
time from last two days before to the day of
parturition similar results (33% decrease in
rumination time in the last two days before
periparturient) were reported by Clark et al. (2015).
A slightly higher decrease in rumination time (by 43—
44% depending on the parity) in comparison with
our observation were reported by Soriani et al. (2012)
in their study. However, some studies, like Calamari
et al. (2014), reported a significantly higher decrease
of up to 70%. A significant decrease of rumination
activity in the day of parturition confirmed in their
work also Pahl et al. (2015) and Vacek and Krpalkova
(2017). The latter authors report 245 minutes of
rumination in the day of parturition, which is in
average of more than one hour lower than that
was found in our study. Similarly, Bar and Solomon
(2010) reported a significant decrease in rumination
time at birth, up to 255 minutes.

However, despite the relatively large increase of
rumination time on the second day after parturition
observed in our study, the results of Schirmann
et al. (2013) who reported a return of the length of
rumination time to the status before parturition
within 48 hours cannot be fully confirmed.

In the context of the correlation analysis, numerous
conclusive relationships were demonstrated not only
between the length of rumination time in different
days around the heat and calving, but also between
the parity and time of the rumination. Positive
relationship between the parity and rumination
time during the heat corresponds with findings in
the study of Pahl et al. (2015). In relation to the parity

and the time of rumination on the day of calving,
opposite trend was observed. This may be related to
the age of animals and may indicate some changes in
animal metabolism due to increasing parity and thus
reduced ability to cope with the emerging negative
energy balance at the beginning of lactation (Thorup
etal, 2018).

As described above, in the detailed evaluation
of the length of rumination time during the period
around the heat more effects have been taken
into account. In the case of primiparous cows
significantly shorter period of rumination was
observed. The possible explanation of this findings
may be that first-time heifers in comparison with
cows on higher parity spend less time on rumination,
but more time at trough (Pahl et al, 2015). This may
be given in addition to the smaller body framework
of the first-time heifers and, as in the case of old
cows, to the different metabolic profiles affected
mainly by their genome. The effect of the season
on the duration of the ruminating period may be
explained by the differences in feed rations and its
quality, which is one of the key factors determining
the time of feed intake and time of rumination (Yang
and Beauchemin, 2006; Adin et al., 2009). The effect
of the period (days before the heat) showed similar
tendencies, such as those described in the work of
Reith and Hoy (2012).

In the framework of the evaluation of rumination
time during the period around calving using the GLM
procedure, a reduction in the length of rumination
with increased parity and the age of the animal was
observed. This finding is completely opposite to the
Soriani et al. (2012) study. As part of the evaluation of
the month of calving, results are influenced largely
not only by climatic conditions, but also by seasonal
differences in the composition of feed rations and
their quality (Ngrgaard et al., 2011). The effect of the
period was manifested by expected tendencies. This
is, for example, in line with the results observed in
the work of Blichel and Sundrum (2014), when these
authors observed the largest decrease in feed intake
roughly in the last 12 hours before calving.

CONCLUSION

Time of ruminating and feeding is affected by many effects, such as composition of feed ration, age,
parity and metabolic issues. Physiological displays of heat and parturition have effect on rumination
and feed consumption time and are typically manifested by their decrease. Physiological displays
of heat and parturition typically cause decrease of rumination time and feed consumption time.
This decrease is highly correlated to these physiological phenomenon and it also differs from other
manifestations of metabolic dis balance of dairy cows. From our results is obvious, that ruminating
time can be good indicator not only for coming parturition, but also approaching heat in case of
animal health. However, itisnecessary to consider the age of animal, respectively parity. Nevertheless,
determination of the day of parturition or heat of dam is affected by many other effects which are

much more important than its age or parity.
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