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Abstract. The aim of this study was to determine whether feed intake amount and feed intake behaviour could
be related to oestrus in dairy cows. Furthermore, we investigated whether oestrus had an effect on daily milk
yield. A total of 138 oestrus cycles, leading to conception of 100 cows, were analysed. The parameters “daily
fresh matter intake amount (kg)”, “daily number of visits to the feeding trough” and “time spent feeding per
day (min)” were electronically measured and recorded. For a sub-quantity of all animals, daily milk yield (kg)
was recorded continuously and stored in the herd management software. Special attention was given to the day
of oestrus, which was defined as the day of successful insemination. All remaining days of the oestrus cycle
were considered as the reference period. Among all animals and cycles, fresh matter intake amount per day,
number of visits per day, and time spent feeding per day were reduced by 10.3, 9.1 and 20.8 %, respectively, on
the day of oestrus. Fresh matter intake was significantly lower in primiparous cows than in multiparous cows.
However, number of visits to the trough and time spent feeding per day were significantly higher in primiparous
cows compared to multiparous cows. Day of oestrus did not have a significant effect on daily milk yield, as
this parameter was characterized by high variation among all days of the oestrus cycle. In conclusion, if an RIC
system is used, monitoring of feeding behaviour appears to be a potential auxiliary aid in oestrus detection.

fort stalls compared to the other stages of the oestrus cycle

At 35 %, fertility management is the factor exerting the high-
est influence on fertility (Bostedt, 2006). One very impor-
tant part of fertility management is heat detection. When
compared to older cows, heifers show reduced oestrus in-
tensity (Gwazdauskas et al., 1983). This can also be ob-
served in high-yielding dairy cows, accompanied by a de-
creased length of oestrus (Lopez et al., 2004). Therefore, vi-
sual heat detection becomes more problematic and is also
associated with a high expenditure of time. To support visual
heat detection, more complex and computer-based methods
have been developed. Pedometers, used for measurements of
daily physical activity in dairy cows, have proven that move-
ment activity is about 4 times higher during oestrus when
housed in free stalls, and about 2.75 times higher in com-

(Kiddy, 1977). Similar results were determined by Schofield
et al. (1991), who found increased activity levels in cows on
the day of oestrus by a mean factor of 2.3. Furthermore, ru-
mination time is significantly reduced during oestrus. Using
a microphone-based sensor system for continuous recording
of rumination time, an average decrease of 17 % (74 mind—1)
was determined on the day of oestrus compared to the refer-
ence period (mean of 3 days before and 3 days after oestrus)
(Reith and Hoy, 2012).

The aim of the study was to determine whether oestrus in
dairy cows also had an effect on feed intake amount, feed
intake behaviour and milk yield. Furthermore, the effect of
parity on investigated feed intake parameters was analysed.
Additionally, the investigation should answer the question of
whether the decrease in daily rumination time during oestrus
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described by Reith and Hoy (2012) is caused by the decrease
in feed intake, as expected.

2 Materials and methods

2.1 Housing, animals and diet

The study was conducted at the Educational and Research
Centre for Animal Husbandry Hofgut Neumiihle, located in
Minchweiler an der Alsenz in Rhineland-Palatinate, Ger-
many. A total of 100 lactating Holstein-Friesian dairy cows
born during the period between 2004 and 2010 were anal-
ysed. The number of lactations ranged from 1 to 6, with an
average of 2.46 lactations. The data collection included 138
oestrus cycles leading to conception (32 cycles of the first
lactation and 106 cycles of higher lactations).

The investigation was performed in a free-stall barn con-
sisting of two different sectors — the sector of production and
the experimental sector — in which all cows of this study
were housed. The experimental sector was a separate part of
the stable with 60 cubicles and 30 feeding troughs. Gener-
ally closed with a gate, the troughs are equipped with an RIC
(Roughage Intake Control) automatic weighing system, man-
ufactured by Insentec B.V. (Marknesse, the Netherlands).
The system identifies each animal by scanning the individ-
ual transponder, installed within the cow’s collar, via light
barriers. Once identified, the gate permits access to the feed-
ing trough and the scale automatically records the amount of
feed consumed at each visit. Therefore, all visits of each cow
to the trough with feed intake and the duration of each visit
were recorded by the system. The milking parlour used was
a combination of a herringbone parlour offering space for 8
cows and a side-by-side parlour for 10 cows, manufactured
by GEA Farm Technologies (located in Bénen, Germany).

Cows were fed a total mixed ration (TMR) ad libitum con-
taining 46.6 % dry matter. The TMR was composed for dairy
cows of a mean live weight of 650 kg, a mean feed intake of
21.7 kg dry matter per day and a mean milk production of
34 kg per day. For detailed composition and the ingredients
of the experimental ration, see Table 1.

Cows were milked two times a day at 05:00 and at 15:30.
Feeding troughs were filled once a day at around 06:30 with
around 80-85kg of feed after the leftover feed of the pre-
vious day was removed. During milking in the morning,
troughs were closed for cleaning for 20 to 30 min. Fresh wa-
ter was freely available at any time of the day. Date of birth,
insemination, calving, length of gestation, number of lacta-
tions and daily milk yield were stored and provided by the
herd management program DairyPlan C21 (GEA Farm Tech-
nologies). The day of oestrus (day 0) was defined as the day
of successful insemination, detected either by visual obser-
vation and/or physical activity measurement.

Arch. Anim. Breed., 58, 93-98, 2015

Table 1. Composition and ingredients of the TMR.

Composition % of dry matter
Pressed beet pulp silage 18.0
Grass silage (first cut 2012) 215
Straw and hay 3.2
Maize silage 214
Grain maize 10.1
Barley 8.1
Extracted soybean meal 4.0
Extracted rapeseed meal 12.2
Cattle salt 0.3
Urea 0.5
Feed lime 0.2
Mineral feed 0.5
Ingredients per kg dry matter
Metabolizable energy, MJ ME d—1 1.1
Net energy lactation, MJ NEL 6.8
Crude protein, g 159.3
Crude fibre, g 173.0
Usable crude protein (nXP), g 155.1
Ruminal nitrogen balance (RNB), g 0.9
Calcium, g 5.8
Phosphorus, g 45
Magnesium, g 25
Sodium, g 1.8

2.2 Parameters and methods

Data of 262 oestrus cycles were collected in the time period
from 17 May 2010 to 3 July 2012 and based on a number
of 146 animals. Due to missing data for 1 or more days of
the oestrus cycle in 124 recorded cycles, the data set was
reduced to 138 cycles (100 animals). The three parameters
“daily feed intake amount (kg)”, “daily number of visits to
the feeding trough” and “time spend feeding per day (min)”
(n = 2898 each) were analysed. Only those oestrus cycles
for which insemination was successful and pregnancy was
proven were included in the statistical analysis. Special at-
tention was given to the day of oestrus (day 0). All remain-
ing days of the oestrus cycle were considered as the reference
period. For 37 cows, data were recorded for two lactations.
Due to very short intervals between calving and successful
new insemination (days open) for one cow, data of three lac-
tations were collected. The data set, automatically recorded
at each visit to the trough, consisted of the following infor-
mation: transponder ID, collar number, trough number (1-
30), time of the cow’s entrance and exit (HH:MM:SS), du-
ration of the stay in seconds (s), weight of the trough at the
time of entrance and the weight at the time of exit (kg), feed-
ing group, and amount of fresh matter intake (kg). Duration
of each stay in seconds, amount of fresh matter intake per
visit and milk yield per milking were summarized to one
value per day each. With regards to the dry matter content
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Table 2. Means of investigated parameters and differences between the day of oestrus (day 0) and the reference period (Rp) and between

primiparous (Pp) and multiparous (Mp) cows.

N, FMI, SE DM, SE  Time spent SE  Visits to the SE
days kgd~! kgd—1 feeding, mind—1 trough, nd—1
Means 2898 425 04 198 0.2 190.8 3.2 485 1.2
Qestrus
Day 0 138 4022 0.8 18728 04 168.72 6.2 46.2 2.4
Rp 2760 448> 02 209° 01 212.9° 14 508 0.5
Diff. 4.6 2.2 44.2 4.6
Diff., % 10.3 105 20.8 9.1
Parity
Ppcows 672 3922 07 1838 03 20532 56 53.32 2.2
Mpcows 2226 458° 04 214° 02 176.3P 31 437° 1.2
Diff. 6.6 3.1 29.0 9.6
Diff., % 14.4 145 14.1 18.0

Rp: reference period; Pp: primiparous cows; Mp: multiparous cows; FMI: fresh matter intake; DMI: dry matter intake; SE: standard

error.

Means with different superscripts within a column differ significantly (P <0.001).

of the TMR (46.6 %), fresh matter (kg) was converted into
dry matter (kg). To analyse the effect of lactation number
on the three investigated parameters, lactation numbers were
split into two groups: first lactation (n = 32), with a data set
of 672 days, and higher lactation numbers (2 to 6) (n = 106),
with a data set of 2226 days. For some cows the data set
for “daily milk yield (kg)” was not recorded at all or was
not complete. Therefore, the number of recorded values was
much lower (525 days, 25 cycles) and based on 24 animals.

2.3 Statistical analysis

The statistical analysis of all data was performed with
the program package SPSS 20.0 (SPSS Inc., Chicago, IL,
USA). Using descriptive statistics, normal distributions were
assessed for all variables by means of the Kolmogorov—
Smirnov test. Using analysis of variance (GLM), “daily fresh
matter intake amount (kg)”, “daily dry matter intake amount
(kg)”, “daily number of visits to the feeding trough” and
“time spent feeding per day (min)” were analysed for in-
fluences of oestrus and parity. Therefore, the day of oestrus
(day 0) was compared to the reference period. To determine
the effect of parity, primiparous cows were analysed for dif-
ferences with multiparous cows. The following factors were
included in the fixed model (GLM):

Yij = u+day of oestrus; + parity ;

+ (day of oestrus; x parity ;) + e;j, 1)
where Y;; is one of the variables “amount of fresh matter
intake (kgd—1)”, “amount of dry matter intake (kgd—1)”,
“number of visits to the trough per day” or “length of stay
at the trough (mind=1)”; . is the mean; day of oestrus;
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is the fixed effect of days of oestrus cycle (i being day of
oestrus, reference period (mean of all remaining 20 days of
the oestrus cycle)); parity; is fixed effect of parity (j being
lactation number 1, lactation > 2); (day of oestrus; x parity ;)
is interaction between day of oestrus and parity; and ¢;; is the
random residual error.

The parameter “daily milk yield” was analysed for sig-
nificant differences between all days of the oestrus cycle
by means of the Student-Newman-Keuls test. Differences
among means with P <0.05 were accepted as representing
significant differences.

3 Results

3.1 Amount of fresh/dry matter intake (kg d_1)

On average, cows consumed 42.5kgd=1 of fresh matter
(n =2898). At a dry matter content of 46.6 %, this value
represents a dry matter intake of 19.8kgd—! on average.
Feed intake amount was significantly affected by oestrus
(P <0.001). Compared to the reference period (44.8 kg fresh
matter or 20.9 kg dry matter per day), the amount of fresh
matter intake was about 10.3% lower on day O (40.2kg
fresh matter or 18.7 kg dry matter per day) (Table 2). Parity
also significantly affected the amount of fresh matter intake
(P <0.001). Cows of first lactation consumed an average
of 39.2 kg fresh matter (18.3kg dry matter) per day. When
compared to cows of higher parity (45.8kg fresh matter or
21.4 kg dry matter per day), cows of first lactation consumed
14.4 % less. Also, the effect of oestrus concerning feed intake
was more pronounced in multiparous cows (13.2 %) than in
primiparous cows (6.9 %) (Table 3).
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Table 3. Means of investigated parameters during, and differences between, the reference period and the day of oestrus (day 0) for primi-

parous and multiparous cows.

FMI*, SE Diff, Diff, DMI*, SE Diff, Diff, Timespent SE  Diff, Diff, Visitsto  SE Diff, Diff.
kgd—?1 kg % kgd—1 kg % feeding, min % the trough, n %
mind~1 nd-1
Parity Oestrus
Day0 378 13 176 06 185.8 109 51.6 42
Ppcows oo 06 o3 28 69 g g 13 89 ¢ g 91 174 oo 09 34 62
Day0 426 0.7 198 03 1516 6.0 408 23
Mp cows g 491 02 85 182 59 o1 31 185 omo 13 94 46 46 05 8 124

Rp: reference period; Pp: primiparous cows; Mp: multiparous cows; FMI: fresh matter intake; DMI: dry matter intake; SE: standard error.

* (P <0.05).

3.2  Number of visits to the trough per day

Including 2898 values a mean number of 48.5 visits to the
feeding trough per cow and day was evaluated. On average,
cows visited the feeding trough 46.2 times on the day of
oestrus and 50.8 times during the reference period (9.1%
less) (Table 2). However, this difference was not signifi-
cant. Parity significantly affected this parameter (P < 0.001).
Primiparous cows visited the trough on average 53.3 times
a day, while an average of 43.7 visits per day was deter-
mined for multiparous cows. The effect of oestrus was more
strongly pronounced in multiparous cows (12.4 %) than in
primiparous cows (6.2 %) (Table 3).

3.3 Length of stay at the trough (min d_1)

On average, cows spent 190.8 mind~? feeding (n = 2898).
Comparing the day of oestrus with the reference period, a de-
crease of 20.8 % was found (168.7 vs. 212.9 mind—1, respec-
tively). This difference of 44.2 mind~—1 was significant (P <
0.001) (Table 2). Analysing this parameter with regard to
parity, a difference of 14.1 % was calculated between primi-
parous and multiparous cows (P < 0.001). Presenting an av-
erage duration of stay at the feeding trough of 205.3mind 1,
primiparous cows spent more time feeding than multiparous
cows (176.3mind~1) (Table 2). The effect of oestrus again
was more strongly pronounced in multiparous cows (24.6 %)
compared to primiparous cows (17.4 %) (Table 3).

3.4 Daily milk yield (kg)

Average daily milk yield of cows was 43.8kgd~! (n =525
days). Due to high variation among all 21 days of the oestrus
cycle, milk yield was not significantly affected by “day of
oestrus” (Fig. 1). Means of daily milk yield ranged from
41.0kg 8 days prior to oestrus to 46.1 kg 5 days after oestrus.
An average milk yield of 44.0 kg was determined for day O.
Milk yield was slightly reduced 1 day after oestrus by 1.8 kg
(4.1 %), followed by an increase of 3.3kg (7.8 %) on day 2
after oestrus.
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Figure 1. Means of daily milk yield (kg) during the oestrus cycle
(n =525 days). 2 Day of oestrus.

4 Discussion

In the current study an average daily fresh matter intake of
42.5kg (19.8 kg dry matter) per cow and day was analysed.
Ulbrich et al. (2004) described a dry matter intake of 23.5kg
as necessary for cows of a body weight of 650 kg producing
40 kg of milk per day with a fat and protein content of 4.0 and
3.4 %, respectively. Schwarz (2008) described a range of 14
to 24 kg dry matter intake per day as required for saturation
and normally working digestive processes in dairy cows. On
average, cows used for this study produced 41.6 kg of milk
per day, containing 4.0 % fat and 3.3 % protein. Hence, de-
termined dry matter intake lies within the regular limits.

It has been previously reported that cattle fed in a barn
have an average number of 12.1 meals per day (Vasilatos and
Wangsness, 1980), or, according to Dado and Allen (1994),
around 11 feeding periods per day. Also, an average to-
tal feeding time of 253.6 mind—1 (Vasilatos and Wangsness,
1980) or 301.0 mind—! (Dado and Allen, 1994) was reported
for cows held in a barn and fed ad libitum. In this study
the individual visits to the feeding trough and the total time
spent feeding were recorded automatically by the RIC sys-
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tem. It was shown that cows visited the trough more of-
ten (x 48.5 visits per day) and spent less time feeding per
day (x 190.8 mind—1) compared to Vasilatos and Wangsness
(1980) and Dado and Allen (1994). In the current study the
amount of fresh matter cows consumed per visit to the trough
varied widely. Therefore, the number of visits to the trough
per day cannot directly be compared with the number of
meals or feeding periods per day as investigated in the studies
mentioned above. Nevertheless, Kaufmann et al. (2007) also
used electronic weighing troughs to record the same parame-
ters for a total number of 70 lactating dairy cows. The inves-
tigations were performed under similar conditions. With av-
erage values of 32.07 visits to the feeding trough, 201.42 min
spent feeding and 21.58 kg dry matter intake per day, the re-
sults come close to the results found in the current study.
Using the same RIC system as used for the investigations
shown in the present study, Proudfoot et al. (2009) found
the highest average feeding time in primiparous cows for the
week before calving under competitive feeding treatments
(2:1 (cows : feed bin)) (216 mind—1). Average values higher
than 250 mind—1, as described by Vasilatos and Wangsness
(1980) and Dado and Allen (1994), were not reached. Fur-
thermore, the lowest average number of visits to the feed-
ing trough found by Proudfoot et al. (2009) was 23, and was
recorded for multiparous cows 1 week after calving under
noncompetitive feeding treatments (1 : 1 (cows : feed bin)). It
has already been proven that competitive feeding situations
such as a reduced feeding space per cow at the feed bunk
(Huzzey et al., 2006) or a cow : feed bin ratio of 2 : 1 instead
of 1:1 (Proudfoot et al., 2009; Harb et al., 1985) can have
a reducing effect on the time spent feeding per day (min).
Considering the fact that cows were housed in tie-stall barns
and were fed ad libitum, the feeding situations were noncom-
petitive in both of the studies of Vasilatos and Wangsness
(1980) and Dado and Allen (1994). The high average val-
ues recorded for the parameter “time spent feeding per day
(min)” in those two studies could therefore be explained by
the fact that no displacements at the feeding trough occurred,
which otherwise would have interrupted the feeding period
and thus reduced the total time spent feeding per day.

The effect of the day of oestrus was significant for two of
the investigated parameters (“daily feed intake amount (kg)”
and “time spent feeding per day (min)”). Oestrus had a reduc-
ing effect on both parameters (10.3 and 20.8 %, respectively).
In the study of Reith and Hoy (2012), rumination time was
related to oestrus in dairy cows. They determined rumina-
tion time to be significantly reduced on the day of oestrus by
17.0% (74 mind—1) when compared to the reference period
(3 days before and 3 days after oestrus). This effect of oestrus
can be directly related to the significantly reduced feed intake
amount on the day of oestrus found in the current study. A
reduced feeding time on the day of oestrus was observed ear-
lier in 20 Friesian cows held in a straw yard by Phillips and
Schofield (1990). They recorded an increase in feeding time
on the day before oestrus and a decrease on the day of oestrus
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and the day after oestrus when compared to all remaining
days of the oestrus cycle. However, this behaviour was not
observed in this study for the 20 Friesian cows held in cu-
bicles. The “daily number of visits to the feeding trough”
was also reduced by 9.1 % on the day of oestrus when com-
pared to the reference period. However, this difference was
not significant. The drop in the values on the day of oestrus
obviously is caused by the higher physical activity which
appears in cows during oestrus (Hurnik et al., 1975; Kiddy,
1977; Lewis and Newman, 1984; Schofield et al., 1991). Ar-
ney et al. (1994) observed physical activity in dairy cows to
gradually increase from 3 days before oestrus and to expo-
nentially decline after peaking on the day of oestrus. Hurnik
et al. (1975) found cows to spend more time walking and
less time resting and eating when in oestrus than when not in
oestrus.

“Daily milk yield (kg)” was not affected by oestrus but
was characterized by high variation among all days of the
oestrus cycle. In consideration of earlier studies, where milk
yield was observed to be reduced at the first milking after
onset of oestrus, followed by a rebound enhancement at the
second milking (Horrell et al., 1985), significantly reduced
on the day of oestrus (Schofield et al., 1991), or declined
slightly from 1 day before oestrus until 2 days after oestrus
(Lewis and Newman, 1984), a decline in milk yield on the
days around oestrus could have been expected. In the current
study, milk yield was slightly reduced 1 day after oestrus by
1.8kg (4.1 %), followed by an increase of 3.3kg (7.8 %) on
day 2 after oestrus. Hence, results come close to the results
found by Horrell et al. (1985).

Parity was investigated for its effects on all parameters ex-
cept daily milk yield (kg). It had a significant effect on all
three parameters. When compared to cows of higher lacta-
tions, cows of first lactation were characterized by a lower
feed intake amount of 14.4% but a higher number of visits
to the feeding trough (18.0 %) and a longer time spent at the
feeding trough per day (14.1%). Similar results were found
by Proudfoot et al. (2009), who also used the RIC system to
investigate the effect of competition (2 : 1 (cows: feed bin))
on the behaviour and feed intake of 110 Holstein dairy cows.
They found a lower dry matter intake (kg), a higher num-
ber of visits and a longer time spent at the feeding trough
per day for primiparous cows. Dado and Allen (1994) also
found more feeding times per day with a lower dry matter
intake in primiparous cows compared to multiparous cows.
However, they observed multiparous cows to show a longer
total time spent feeding per day than primiparous cows (260
vs. 213mind—1). Maekawa et al. (2002) also found longer
feeding periods (47 min d—1) in multiparous cows when com-
pared to primiparous cows. However, according to Ulbrich et
al. (2004), older cows have a higher velocity of feed intake
when compared to heifers. Furthermore, in the study of Firk
et al. (2002) it was found that activity, measured by pedome-
ters, decreased significantly with increasing number of par-
ity. The higher activity in primiparous cows might be directly
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related to the higher number of visits to the feeding trough
observed in the current study. The statement of Ulbrich et
al. (2004) and the findings of Firk et al. (2002) might explain
the observed result of a higher feed intake amount in older
cows, accompanied by fewer visits to the feeding trough and
less time spent feeding per day.

The reducing effect of oestrus was more highly pro-
nounced in multiparous cows than in primiparous cows in all
three parameters. Nevertheless, Reith and Hoy (2012) found
the decrease in rumination time to be more pronounced in
primiparous cows than in older cows.

In conclusion, the results indicate that feed intake be-
haviour is influenced by oestrus. However, the condition for
accurate monitoring of the required parameters is the instal-
lation of an RIC system. This prerequisite makes it difficult
to use monitoring of feed intake behaviour as an auxiliary
heat detection method to improve fertility management.

Edited by: A.-E. Freifrau von Tiele-Winckler
Reviewed by: two anonymous referees
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