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Abstract

Monitoring the time of rumination and eating of dairy cows, by new technologies, is increasingly
used in commercial herds. Evaluation of parameters obtained from Vitalimeter 5P, was performed
in 656 dairy cows Czech Fleckvieh and Holstein cattle, including their crossbreeds. The aim of the
study was evaluation the relationship between the impending calving, the occurrence of the diseases
with a change in rumination, and eating time. On the day of birth, the rumination time decreased
by 122.9 min. and eating by 11.35 min. compared to the normal state before calving. The decrease
in rumination and eating on the day of calving was significantly (P < 0.05) different depending on
the lactation order. The decrease in rumination time and eating is also significant (P < 0.01) with the
onset of the diseases. In metabolic disorders, the rumination time decreased on the day of detection
by 128.95 min./day compared to the 3" day before the problem was detected. Following this, the
eating time decreased by 72.03 min./day. For postpartum diseases, the rumination time changed in
day of detection by - 88.75 min./day and the eating time by - 68.67 min. against the normal set 3 days
before the disease is detected. The lowest decreases in terms of rumination and eating occurred
in the case of mastitis, when the eating time decreased by 36.28 min. and a rumination time by
43.01 min. This balanced decrease in both parameters did not manifest itself in other diseases. Our
results show Vitalimetr 5P as a good tool for the detection onset of calving and diseases.
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INTRODUCTION

Enlarge dairy herds and a shortage of workers dairy cows are needed (Helwatkar et al., 2014).
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capable of detecting changes in the health status of

lead to the need for ever-greater use of automation
while ensuring dairy farming. Also, related to
reducing the number of attendant's pressure
to reduce the cost of milk production (Awasthi
et al, 2016). This has reduced human contact
with animals and thus reduced the possibility of
early detection of changes in health. Therefore, in
automatic farms, automatic monitoring systems

The profitability of dairy farming largely depends
on good management of the periparturient period.
Therefore, early and accurate detection of the
onset of calving is also important. Calving detection
is difficult in modern breeding conditions with
numerous herds (Benaissa et al, 2020). Visual signs
signaling the onset of calving are known, but these
signs show variability and their monitoring requires
the physical presence of a person. Therefore, there
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is room for automatic monitoring systems to
record changes in eating behavior and the use
of these changes to indicate the onset of calving
(Schirmann et al, 2013; Pahl et al, 2014). Eating
and rumination belong among the cattle's basic
vital signs associated with receiving and digesting
food. Observing the feeding behavior of dairy cattle
provides useful information about the health of
the animal and approaching calving. Good health
and welfare is a prerequisite for their normal
feeding behavior. Eating behavior is essential in
compiling the clinical picture of a sick animal.
Therefore, eating and rumination are commonly
monitored in sick cows during and after treatment
(Braun et al, 2014). Dairy cattle health problems
cause production losses, increase care costs and
worsen animal welfare (Gonzalez et al, 2008).
The profitability of the herd is negatively affected
by reduced milk production, lower reproduction,
and shorter production life of these dairy cows.
Therefore, early identification of cow diseases is
key to herd health and profitability (Huzzey et al,
2007). Modern automatic monitoring systems can
contribute to the early detection of changes in
health and help the farmer to manage the dairy
herd. The aim of this work was to evaluate changes
in the time of eating and rumination (measured by
Vitalitmetr 5P) depending on the oncoming calving
and the occurrence of dairy health problems.

MATERIALS AND METHODS

Data from the herd of dairy cows of various
observed 656 cows of the Czech Fleckvieh and
Holstein breed and their crossbhreeds. Obtained
data from cows were used to evaluate the influence
of the onset of calving and the occurrence of the
disease on the change in eating and rumination time.
Monitoring was carried out on a farm in the Olomouc
Region, which is at an altitude of 458 m above sea
level. Observations of dairy cows took place from
1stOctober 2017 to 30" September 2018. The cows in
the herd had an average milk production of 9112 kg
of milk in 305 days, with a fat content of 4.18% and
a protein content of 3.55% During lactation, the
dairy cows were housed in a reconstructed free-
stall barn with straw bedding. The cows calved in
group pens, where the cows were moved about
3 weeks before the expected date of calving. The
calved cows were then transferred to a group of
cows after calving, where they remained for 10
to 20 days. From there, they were transferred to
the production group of high-yielding dairy cows.
For the evaluation of the disease, we grouped the
diseases into three groups based on their similarity
due to the frequency of occurrences:

1. mastitis;
2. postpartum diseases (metritis, retained placenta);

3. metabolic disorder (ketosis, acidosis, milk fever,
resp. parturient paresis).

Data on daily total eating and rumination time
in seconds were obtained using Vitalimeters 5P
(FARMTEC a.s., Czech Republic) for our evaluation,
we convert seconds to minutes.

Obtained database of data from Vitalitmeters 5P
and FARMSOFT. The Vitalimetr 5P neck responder
(Farmtec a.s.) was used to identify eating and
rumination time. Rumination and eating, are
recognised by accelerometers, and records can
be analysed using a detection algorithm. The
FARMSOFT is a dairy management software that
collects data from Vitalimeter 5P, milking parlour,
medication, treatment and reproduction records.
The effect of the onset of calving on the time of
eating and rumination was evaluated based on the
average time of both activities during 10 days before
calving (group 1), the observed time on calving day
(group 2), and the average time during 10 days
after calving (group 3). Eating and rumination time
was recorded for three days before detection of
the disease (day -3, -2, -1) and the day of detection
of the disease (day 0). Data from the management
program was analyzed in SAS 9.4 (SAS ® 9.4, 2013)
using the GLM method (analysis of variance). The
REG procedure, the STEPWISE method, was used to
select a suitable model for evaluating the indicators.
A detailed evaluation of the significance of the
differences between the effect levels was performed
using the Tukey-Kramer test.

The following model equations were used for
evaluation: To estimate the effect of calving on the
time of eating and rumination.

Y, =W+ PL+ 0 +R +b*PLEM) + b,"(DAT) + e, (1)

fA—— the observed value of eating or
rumination time as a dependent
variable (in minutes per day);

[V mean value of the dependent variable;

PLn. fixed effect of lactation order (i = 1,

n=3050;i=2,n=4170;i=3,n=2847,1=4,
n=1738;i="5 and higher, n = 2065);
(O fixed effect of a defined period before,
during and after calving (j = 10 days
before calving, n = 876; j = calving
day, n = 656; j = 10 days after calving,
n=12338);
fixed effect of evaluated year (k = 2017,
n =7290; k = 2018, n = 6580);
b *(PLEM). linear regression on belonging to the

breed and hybrids;
b,*(DAT)......linear regresion on calving date;
e random estimation error.

FP——
To estimate the effect of health disorders on the
time of eating and rumination

Y =W+PL+0O,+D, +R +0D, +b*PLEM) +

+b,*(DAT) + e ©)

ijklm?
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Yo s the observed value of eating or
rumination time as a dependent variable
(in minutes per day);

VR the mean value of the dependent
variable;
PL. fixed effect of lactation order (i = 1,

n=371;i=2,n=575;i=3,n=482;1=4,
n=330; 1= "5 and higher, n = 405);
(O fixed effect of the type of disease
(j = mastitis, n = 1829; j = postpartum
diseases, n = 465; j = metabolic disorder,

n==65);

DS fixed effect days before disease
recording (k = -3 days, n = 391;
k =-2days, n =395; k=-1 day, n = 397,
k = day of recording, n = 1176);

| S fixed effect of evaluated year (k = 2017,

n=7290; k =2018, n = 6580);
(0] ) fixed effect of the interaction of the
type of disease and the days before the
recording of the disease (n = 14 to 881);
b,*(PLEM)..linear regression on belonging to the
breed and hybrids;
b,*(DAT) .....linear regresion on calving date;
............... random error.

RESULTS

As part of the evaluation using the GLM
procedure, the model equation for calving and for
diseases evaluation were statistically significant
(P < 0.01) and explain from 13.13 to 38.75% of
variability. It was confirmed that all effects included
in the both model equation were statistically
significant (P < 0,05) for the evaluation of the time
of eating and rumination in the period around
calving and health disorders.

The effect of the lactation order, year, and the
period around calving on the time of eating and

rumination in the peripartum period are shown
in Tab. L Statistically significant (P < 0.05-0.01)
highest values of eating time (230.19 min.) and
rumination (388.44 min.) were observed in dairy
cows on the second lactation. The average values
of the eating time gradually decreased from the
second to higher lactations. Between 1%t and 5" and
higher lactation was difference 47 min. of eating
time decrease. In the evaluation of the rumination
time, lower differences were recorded between the
average values of cows in each lactation (approx.
6-30min.). However, even here there is a clear
trend of a decrease in this time from the second
to the next lactations. The significant effect of the
year of follow-up was also confirmed (P < 0.01).
However, this difference was only about 9.5% for
the eating time and 10.8% for the rumination time,
but significant (P < 0.05). Regarding the differences
in the time of eating and rumination between the
defined periods, the table shows a decrease in both
variables on the day of calving (-11.35min,; or
-122.9min.). In the period after calving, there was
an increase in the time of eating and rumination,
when these values exceeded the original values
from the period before calving. The differences
between these periods were statistically significant
(P < 0.05-0.01). This decrease and subsequent
increase were more pronounced at the time of
rumination when there was an increase of 63.9%
compared to the calving day.

Tab. II shows the evaluation of the time of eating
and rumination as a function of the days before
identification by, the order of lactation, the disease
record and the type of disease. The evaluation of
the effect of the days before recording the disease
(treatment) shows that with the approaching
disease there was a gradual decrease in both
evaluated cases. Between the third and second day
before the disease, there was a decrease of about

L. Influence of lactation order and the period around calving on time of eating and rumination in the perinatal period

Eating time Rumination time
Effect Level LSM + SELSM LSM + SELSM
Min/day Min/day
1 212.12 £ 2.519* 367.08 + 3.430%
2 230.19 £ 2.2798 388.44 + 3.1038

Lactation order
4
5 and higher

203.04 + 2.389¢
186.40 + 2.629P
165.09 + 2.526F

371.13 £ 3.25344
358.72 + 3.580"°
364.65 + 3.4404

2017
2018

Year of evaluation

209.28 + 2.414*
189.46 + 2.3438

391.15 +3.287
348.86 + 3.1908

10 days before calving
Peripartal period Calving day

10 days after calving

200.72 £ 3.000?
189.37 + 3.3344»
208.00 + 1.5195»

394.13 + 4.084
271.23 + 4.5408
444,66 + 2.068¢

Different letters in columns means statistical significance A,B,C,D (P < 0.01); a,b (P < 0.05).
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II: Influence of days before treatment, order of lactation, and disease groups on the time of eating and rumination

Eating time Rumination time
Efect Level LSM + SELSM LSM + SELSM
Min/day Min/day
1 196.11 + 6.9674 363.61 + 9.83542
2 179.12 £ 6.1834 341.55 + 8.729
Lactation order 3 156.86 + 6.328° 331.49 + 8.900°
4 158.33 + 6.315" 325.63 + 8.9158»
5 and higher 131.17 + 5.969¢ 355.92 + 8.426°
2017 157.74 + 5.438% 327.15 +7.6774
Year of evaluation
2018 170.89 + 5.076" 360.12 + 7.1668
-3 197.24 + 9.348* 382.72 + 13.19742
=2 174.06 + 8.727~ 357.10 + 12.3204
Day of treatment
-1 147.71 + 8.4828 338.94 + 11.974>
0 138.25 + 6.476" 295.80 + 9.1418¢

Mastitis
Type of disease Postpartum diseases

Metabolic disorder

230.71 £ 3.269*
171.58 + 5.6028
90.65 + 12.316°

44713 + 4.6154
356.15 + 7.909®
227.64 +17.370¢

Different letters in columns means statistical significance A,B,C (P < 0.01); a,b,c (P < 0.05).

11.8% at the time of eating and 6.7% at the time of
rumination. However, these differences have not
been statistically significant yet. There was a much
larger decrease in the time of eating and rumination
between day 2 and day 1 before the onset of the
disease. In this case, a significant (P < 0.01) decrease
in eating time of 26.35 min was recorded. However,
the decrease in rumination time was slightly lower,
only by 18.16 min. Significantly (P < 0.05-0.01) the
lowest values of total eating time (138.25 min.) and
rumination time (295.80 min.) were found on the
day of recording the disease (0 day). A significant
effect on changes in the time of eating and
rumination (P < 0.05-0.01) was also demonstrated
in the lactation order. The lowest eating time
(131.17 min.) was observed in cows on the fifth and
subsequent lactation. On the contrary, the highest
value (196.11min.) was recorded for heifers.
However, this almost linear decrease with the
lactation order at the time of eating was not valid
for the time of rumination (P < 0.05). The highest
value (363.61 min.) for rumination time was again
observed in heifers and in older cows, the value
with the order of lactation decreased except of cows
at the 5™ and higher lactation when the difference
of this value compared to heifers was the lowest.
The shortest rumination time (325.63min.) was
found in this case in cows on the fourth lactation.
The influence of the type of disease on the change
of the evaluated indicators was also evaluated.
Significantly (P < 0.01) the highest value of indicators
was found in the incidence of mastitis (230.71 and
44713 min.), followed by postpartum diseases

(171.58 and 356.15min.). The lowest value was
found in metabolic disorder (227.64 and 90.65 min.).

Finally, the interaction of individual types of
disease to changes in eating and chewing time
during the 3 days before disease recording and
the day of disease detection was evaluated. Tab. III
shows a decrease in eating time 3 days before
the recording of mastitis by 14.76% (P < 0.01).
However, no significant differences were found
at the time of rumination. There was a significant
decrease only 11.45% (P < 0.01) compared to day 0
and to the 1% day before the disease was recorded.
When postpartum diseases occurred, an eating time
was reduced from 201.08 (-3 days) to 132.41 min
(0 day). This decrease was statistically significant
(P <0.01) and corresponded to about 34.16%. At the
time of rumination, a slight decrease was observed
between the 3™ and 2" day before the detection
of postpartum diseases. The highest decrease
(-58.25 min.) was recorded between the 1% day
before the disease and the day of detection this
group of disease. Metabolic disorders manifested
themselves in the highest decline from all diseases
at the time of eating and rumination. The decrease
in eating time was by more than 50%. However,
due to the lower incidence of this group of diseases,
and thus the large mean errors, these differences
were not significantly confirmed. Similarly, in the
case of the rumination time, a linear decrease from
298.12 min. to 169.17 min. was observed. However,
these differences were not statistically significant
for the same reasons.
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1II: Evaluation of the interaction of a group of diseases on the time of eating and rumination during the days before the

recording of the disease

Eating time Rumination time
Type of disease Day of treatment LSM + SELSM LSM + SELSM
Min/day Min/day
=3 245.86 + 5.3604 457.24 + 7.566%
o -2 239.83 +5.350 455.37 +7.553
Mastitis
=1l 227.59 £ 5.3444 461.67 + 7.545%
0 209.58 + 3.7208 414.23 + 52528
-3 201.08 +£ 10.9124 392.77 + 15.4054
-2 188.31 + 10.817 365.54 + 15.270*
Postpartum diseases
il 164.54 + 10.817 362.27 + 15.270
0 132.41 + 5.960°® 304.02 + 8.4145
=3 144.80 + 25.133 298.12 + 35.480
-2 94.03 + 23.136 25041 + 32.661
Metabolic disorder
-1 51.00 + 22.258 192.88 + 31.422
0 72.77 +17.357 169.17 + 24.502

Different letters in columns in select deseases means statistical significance A,B (P < 0.01). w

DISCUSSION

Effect of calving on decreasing the time of eating
(Braun et al, 2014; Buchel and Sundrum, 2014;
Schirmann et al., 2013) and rumination time (Braun
et al, 2014; Pahl et al, 2014) are also described by
other authors. Average daily eating time 10 days
before calving in our research decreased from
200.72min/day to 189.37min/day in calving day.
Time of rumination was decreased from an
average 394.13min/day 10 days before calving to
271.2min/day in calving day. Huzzey et al (2005)
reported an average decrease 25min/day of eating
time between 10 days before and 2 days after calving.
This value is higher than in our results because the
data of the compared study did not contain values
2 days before and 2 days after calving. However,
results still confirm a decrease of eating time in time
before calving. It is necessary to respect the influence
of the social behavior of animals. According to
Soriani et al (2012) was average rumination time in
period 20 to 6 days before calving 463 min/day for
heifers and 522 min/day for cows. The lowest time
of rumination was in calving day with 262 min/day
for heifers and 278 min/day for cows. These values
from the rumination time monitored by us on the
day of calving and perform the confirmatory of the
lactation order effect demonstrated in this work.
According to Schirmann et al. (2013) cows reduce
the eating time by 66 min/day and the rumination
time by 63 min/day in 3 days before calving and
1 day before calving. Different values of the decrease
of the monitored parameters and a negligible
difference between the decrease of the eating and
rumination time could be caused by different time
periods of observation. Through these results, this

study confirms reduction in eating and rumination
time. Braun et al. (2014) measured the time of eating
and rumination in the period 10 days before and
10 days after calving using a pressure sensor. The
average pre-calving eating time was 186 min/day
and dropped to 114 min/day on the day of birth.
The rumination time was constant for the duration
of the experiment, except calving day. According
to Braun et al. (2014), the rumination time ranged
from 329 to 391 min/day and dropped significantly
to 214 min/day on the calving day. Ouellet et al
(2016) found a decrease in mean rumination time
on the day of birth by 41 min/day compared to the
previous four days. This result is lower than ours
but was obtained in the pre-calving period shorter
by 6 days. The rumination time showed the most
significant changes in the last six hours before
calving. According to this study, rumination time
provides the best results in predicting the onset
of calving. This conclusion is consistent with our
observation that the decrease in rumination time
was more pronounced in the pre-calving period
than in the eating period.

The influence of individual types of diseases on
the time of day eating and ruminatiwon was more
significant, which was confirmed by significant
differences in the decrease of monitored indicators
between mastitis, postpartum diseases (metritis,
retained placenta, increase in body temperature),
and metabolic problems (ketosis, acidosis,
hypocalcemia). According to Gonzalez et al. (2008)
changes in eating time in udder disease are highly
variable. A decrease in eating time was observed
in eleven of twenty-six dairy cows diagnosed
with mastitis, but no consistent change in feeding
behavior occurred in the remaining fifteen dairy
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cows. In dairy cows with mastitis, where there was
a change in the time of eating, there was a sudden
and sharp decrease on the day of diagnosis. In
our observation, the eating time was gradually
shortened as early as 2 days before the disease
was detected. According to Urton et al (2005)
cows showing signs of metritis had on average
22 min/day shorter feeding times than cows without
metritis. With a decrease in the average eating time
of 10 min/day, the probability of a diagnosis of
metritis doubled. According to Huzzey et al. (2005)
dairy cows with severe metritis had a shorter
eating time compared to healthy dairy cows. The
decrease in eating time began 2 weeks before the
onset of clinical manifestations of metritis. With
a decrease in average before occurrence time
of 10min/day, the probability of severe metritis
increased 1.72times. The results of both of the
above studies correspond to our observation,
where the eating time decreased by 12.77 minutes
two days before the disease was recorded, by
another 23.77 minutes the following day, and by an
additional 32.13 minutes on the day the disease was
recorded. Both of the above studies worked with
data from 2 weeks before disease recording, while
our research evaluated 3 days before clinical signs
and on the day of disease recording. Liboreiro et al.
(2015) in the period of 3 weeks before parturition
did not observe differences in the daily time of
rumination between dairy cows with metritis
and healthy dairy cows. This conclusion is not in

line with our results, where the rumination time
decreased by 88 minutes during the 3 days before
and on the day of postpartum disease recording,
which corresponds to a decrease of 22.6%. This
can be explained to some extent by combining
several types of postpartum complications in our
evaluation. According to Gonzdlez et al (2008)
ketosis was accompanied by a sharp decrease in
the daily eating time of 45 min/day. The decrease
in eating time occurred on average 3.6 days before
the diagnosis of the ketosis. This result is consistent
with our observation that the time of eating 2 days
before the recording of the disease decreased by
about 50 min/day and the next day by another
43 min/day. According to Goldhawk et al (2009)
increased the probability of subclinical ketosis by
1.9-fold with a decrease in mean eating time of
10 min/day one week before calving. The sharper
decrease in eating time in our work compared to
the above study may have been due to a shorter
follow-up period. According to Liboreiro et al. (2015)
in the period of 3 weeks before calving, the daily
time of rumination does not indicate subclinical
ketosis and hypocalcemia. In our observation, the
rumination time 2 days before the onset of the
disease decreased by about 81minutes. On the
other hand, the inconclusiveness of the difference
in rumination time in metabolic diseases on
different days before the disease can be confirmed
by the above-mentioned study.

CONCLUSION

The influence of the onset of calving and the disease on the time of eating and rumination was
conclusive based on the obtained data. Both monitored parameters decreased in the period before
calving, while the recorded decrease was more pronounced at the rumination time. Similar
trends in a decrease in eating and rumination were also apparent in selected diseases evaluation.
Furthermore, there was a difference between the individual diseases, where the highest decrease in
both parameters was measured in metabolic disorders and the lowest decreases were recorded in
mastitis. Our results show that Vitalimetr 5P can be a good tool to detect changes in the time of eating
and rumination in the pre-calving period so in the period at the onset of the disease show a specific
decrease can be considered a good tool of detecting the onset of calving and disease.
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