J. Rakuno Gakuen Univ., 26 (2) : 271~276 (2002)

Effect of feeding space allowance for cows

on meal length in free-stall barn

Shigeru MORITA, Shinji SUGITA,
Tsutomu KOBARI and Shinji HOSHIBA
(October 2001)

Abstract

The objective of this experiment is to examine
the effect of the feeding space allowance for cows
on meal length at a commercial farm using a 3
stall-row type free-stall barn. The observation
of eating behavior was conducted at three com-
mercial dairy farms in that the feeding space
allowance was differed as follow (Farm A: 0.34
meter per cow, B: 0.56 m/cow and C: 0.89 m/cow).
There was no difference in the daily eating time
between Farm A and B. The average meal
length was shortened by the reduction of the
feeding space. The frequency distribution of the
individual eating time was shifted to a shorter
period of time by the reduction of the feeding
space allowance from the amount at Farm C to
the amount at the Farm B. The percentage of
quite short meals increased by the reduction of
the space from Farm B to A level. The probabil-
ity of meal continuation under 20 minutes at
Farm B was about same as that at Farm C, and
that over 20 minutes at Farm B was similar to
that at Farm A. It was recommended that the
feeding space should be more than 0.34 m per each
rearing milking cow. This is necessary for nor-
mal eating behavior. The number of cows kept
in a barn was less than 12094 of the number of
stalls in a three-row type housing.

Key words: space allowance for feeding, meal
length, three-row type housing

For a compact design of free-stall housing, a
reduction in the feeding space per cow is one of

the choices being considered. Space saving of
animal housing has the benefit of reducing build-
ing costs, but also the risk of reducing production
because of both short and long-term reasons. On
the recommendation, 0.7 m of minimum feeding
space is required per each eating cow?. If all the
cows that are reared in a housing eat simultane-
ously, the recommended space per each rearing
cow is needed for a sufficient eating time for the
less dominant cows.

The feeding space prepared is affected by diur-
nal patterns of eating behavior in several milking
and feeding systems. It is considered that if
cows have a 24-hour access to food, and some of
them vary their eating times*®, less space per
rearing cow would be required. Thus, decreas-
ing the size of the feeding space is allowed by
spreading the eating behavior throughout a day.
However, cows tend to eat together shortly after
morning and afternoon milking and when fresh
food is offered?, so space for all of the cattle
would need to be available. Morita et al?
pointed out that in an automatic milking and
feeding situation, .e. in a no stimulus situation of
milking and feeding, the number of cows eating
simultaneously was low. They calculated that
one feeding space was enough for five cows in this
situation.

On rough calculation, as the width of each stall
is 1.2 m, the feeding space per cow is 0.6 m in a 2
stall-row stall type housing and 0.40m in a 3
stall-row type housing when stalls are the same
number as rearing cows. In practice, the feeding
space per rearing cow is related to the number of
stall-rows chosen during the planning of the free-
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stall housing design at commercial farms.
Friend et «l® pointed out daily eating time and
the amount of intake were affected in space under
0.1 m per rearing cow in a 2 stall-row type hous-
ing. There were some reports dealing with the
effects of feeding space allowance on the eating
behavior of cows in 2 stall-row type housing, but
few reports were made on 3 stall-row type hous-
ing.

Besides the fact that spreading the eating
behavior throughout a day allows for a decrease
in size of the feeding space, it is important to
know how many cows could be housed in a free-
stall housing in order to increase the efficiency of
the housing. Increasing the population density of
rearing cows affects the eating behavior by
decreasing the space allowance. Sugita et al.?
concluded that the effect of the population density
of cows in a free-stall barn was directly shown in
the length of the lying periods of the cows than
the daily lying time. In heifers, Longenbach et
al.® showed that the meal length was shortened
with decreasing the feeding space allowance.
However, there was no experiment conducted
concerning the effect of the feeding space allow-
ance in milking cows on the meal length. The
objective of this experiment is to examine the
effect of the space allowance for feeding on meal
length at a commercial farm using a 3 stall-row
type free-stall barn.

Materials and Methods

The observation of eating behavior was con-
ducted in three commercial dairy farms that had
free-stall barns. The housing conditions and
feeding space information are shown in Table 1.
Three rows of stalls were placed in each farm’s
housing. There were 66 stalls in Farm A, 75 in

Farm B and 60 in Farm C. The total feeding
space was 27.1 m, 32.4 m and 28.4 m, respectively.
The feeding barrier was the post-rail type in all
the housings. Seventy-nine cows were kept in
the housing of Farm A, 58 cows in Farm B and
only 32 in Farm C. All cows were milked twice
daily. The feeding space per rearing cow was
0.34 m in Farm A, 0.56 m in Farm B and 0.89 m in
Farm C.

The milking was conducted twice daily, once
between 5:25 - 7:35 and once between 16:20 - 18:05
at Farm A, once between 5:05-6:10 and once
between 17:15-18:15 at Farm B, and once
between 8:40 - 9:50 and once between 20:35 - 21:45
in Farm C. At Farm A, the size of the holding
area was small for keeping all cows at one time,
so cows were divided into two groups every
milking time. Cows were given total mixed
rations twice a day (5:55 and 18:10) at Farm A,
three times a day (5:35, 11:35 and 17:30) at Farm B
and once a day (10:50) at Farm C.

Twenty-four hours observation of the eating
behavior was started at the morning milking.
The identification of each eating cow and its
location were recorded in every 10 minutes.
Based on the results in Morita ef al.”, the mini-
mum length of pre-meal intervals (meal criterion)
was set at 20 minutes in this study. Then, non-
access to the feeding space in one observation
between two accesses was considered for the
duration within a meal. The daily eating time
was the total time of meals. From these data,
daily accessing time to the feeding spaces was
determined individually.

For comparison of the average, the Wilcoxon-
Mann-Whitney two-sample test® was used. The
Kolmogorov-Smirnov two-sample test® was used
for the comparison between the distributions of

Table 1. Housing condition of three commercial farms

Farm A B C
Number of stalls 66 75 60
Number of rows of stalls 3 3 3
Number of cows 79 58 32

Ratio of cows to stalls
Feeding space width
Feeding space per cow

1.20 0.77 0.53
27.1 324 284

m/cow 0.34 0.56 0.89
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Table 2. Daily eating time, number of meals and average meal length

Farm

A B C

Daily eating time
Number of meals
Average meal length

minutes/meal

hours/day/cow 3.392 3.242 4.81°
meals/day/cow 8.302 5.81° 6.59°

242 37° 44¢

a,b,c: Means with different superscripts in same row differ significantly (P <0.05).

daily eating time and the meal length. The
Kolmogorov-Smirnov one-sample test® was used
for examining to fit with the distribution of meal
length and its random distribution.

Results and Discussion

Table 2 shows the daily eating time, the number
of meals and the average meal length. The daily
eating time was longest at Farm C, and there was
a significant (P<0.05) difference. There was no
difference in the daily eating time between Farm
A and B. Although Farms A and B had about
the same daily eating time, the number of meals
and the average meal length significantly (P<
0.05) differed. The number of meals in Farm A
was significantly (P <0.05) larger than that in the
other farms. There was no difference in the
number of meals between Farm B and C. The
average meal length was significantly (P <0.05)
shortened by decreasing the feeding space. Lon-
genbach et al.¥ demonstrated that the average
meal length was shortened by decreasing the feed
bunk length for heifers. Our result for milking
cows was similar to their result.

Sugita et al.” concluded that the effect of the
population density of cows in free-stall barns was
directly shown on the length of the lying periods
of cows rather than the daily lying time. In the
present study, the effect of the space allowance on
eating occurred in the meal length rather than the
daily eating time. This result is the same with
the lying behavior reported by Sugita et al.®

Figure 1 shows the frequency distribution of the
individual eating times at three farms. At Farms
A and B, there were a high frequency of 200-250
and 150-200 minute eating times. At Farm C,
there was a high frequency of 250-300 and 300-350
minute eating times. The frequency distribution
of the individual eating time was significantly
(P<0.05) different in Farm C than that of the

other farms. The Frequency rate of the cows
that ate for 150-250 minutes daily was about 55%
at Farm A, 609% at Farm B, and less than 209§ at
Farm C. The frequency distribution of the indi-
vidual eating time was shifted to a shorter period
of time by the reduction of the feeding space (the
change from the Farm C level to the Farm B
level). However, the space change from the
Farm B to Farm A level did not have an affect on
the distribution of the individual eating times.
There are differences in the distribution
changes of the individual eating times between
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Fig. 1 Frequently distribution of individual
daily eating time in three farms.
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the space allowance levels. The number of cows
in Farm C (cows filled about half of the stalls)
was quite low and the feeding space was enough
for simultaneously eating of all cows. Although
the number of cows was smaller than the number
of stalls and the feeding space was large in Farm
B, the distribution of individual eating time was
similar with the small-space farm (Farm A).
Normally, in a two stall-row type housing, feeding
space is sufficient for simultaneously eating of all
cows. In a three stall-row type housing, like the
present experiment, feeding space allowance is
insufficient when cows eat simultaneously even
though the number of cows is equal to the number
of stalls. The less dominant cows changed the
timing of their visits to feeding areas with the
cows of higher dominance*®. So, ad Ulbitum
feeding is needed in three stall-row type housing,
even though the number of cows is equal to the
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Fig. 2 Frequently distribution of meal length
in three farms.

number of stalls.

A frequency distribution of meal length at the
three farms is shown in Figure 2. The frequency
distribution of the meal length was significantly
(P<0.05) different in Farm A than that of Farm B
and C, and also that of Farm B was significantly
(P<0.05) different than that of the other farms.
At Farm A, 509 of the meals were stopped within
10 minutes, on the other hand, at Farm B and C,
less than 2094 of the meals were stopped within 10
minutes. The percentage of meals that were
equal to and longer than 60 minutes was 3.29§ at
Farm A, 8.09% at Farm B, and 20.99 at Farm C.
The percentage of quite short meals (less than 10
minutes) increased because of the reduction of
feeding space from Farm B to A level, and the
longer meals decreased because of the decreasing
of the space from Farm C to B.

Figure 3 shows the log-survivor function of the
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of meal length in three farms.
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frequency distribution of meal length. The log-
survivor curves of Farm A and C were fitted with
a straight line, but that of Farm B was not fitted
with a straight line, which meant there was ran-
dom distribution. This demonstrated that the
frequency distribution of meal length at Farm B
was divided by its length, and the probability of
meal continuation was different with shorter and
longer meals. Twenty minutes was chosen for
the criterion of two types of meals at Farm B.
Under 20 minutes in Farm B, regression coeffi-
cient was similar with that in Farm C, and over 20
minutes, it was similar with that in Farm A.

From the data of the frequency distribution of
meal lengths, the probabilities of meal continua-
tion were calculated and shown in Table 3. The
probability of meal continuation under 20 minutes
at Farm B was about same as that of Farm C, and
that over 20 minutes in Farm B was similar to
that of Farm A. It became clear that there were
behavioral changes in eating when the feeding
space allowance was low. There was a decrease
in the continuation of long meals (more than 20
minutes) at Farm B compared to cows at Farm C
which had enough space for the cow to eat simul-
taneously, but there was a same continuation of
short meals (under 20 minutes) at Farm B. All
cows could not eat simultaneously in 0.56 m feed-
ing space at Farm B. The cow in Farm B change
eating behavior only in the meal pattern over 20
minutes. They keep meal pattern under 20 min-
utes. Then they have another way that changes
the meal pattern less than 20 minutes. The cows
in Farm A decreased the continuation of both
(long and short) meals compared to the cows in
Farm C because of small feeding space condition.
There may be no other ways for maintaining their
eating time in the situation of a small feeding
space like at Farm A.

Friend et al.® recommended that upper limit of

Table 3. The probability of meal cntinuing under
and over 20 minutes of length

Farm A B C
Meal length %
under 20 minutes 59.2 77.1 79.7
over 20 minutes 51.5 61.2 76.7

the ratio of cows to the number of stalls was
13095. In a three stall-row type housing, feeding
allowance was quite short and the eating behavior
was changed even though the ratio of cows to the
number of stalls was 12094, like Farm A in the
present experiment. When only daily eating
time data was considered, as in Friend’s report®,
it was concluded that there was no problem in a
small-space system like in Farm A. However,
from the aspect of meal length, the cows in a
small-space system had to exert more effort to
maintain their intake. This data showed that
feeding space of 0.34 m per milking cow was too
small to maintain normal eating behavior. So, it
was recommended that the feeding space be more
than 0.34 m per milking cow, which is necessary
for normal eating behavior. It was also recom-
mended that the ratio of cows kept to the number
of stalls be less than 1209 in a three-row type
housing.

References

1) Blowey, R. Dairy cow housing,. In: Livestock
housing. (Wates CE, Charles DR eds.) 305-338.
CAB International. Cambridge. 1994.

2) Dado, RG, Allen MS. Variation in and relation-

ship among feeding, chewing, and drinking

variables for lactating dairy cows. Journal of

Dairy Science, 77: 132-144. 1994.

Friend TH, Polan CE, McGilliard ML. Free-

stall and feed bunk requirements relative to

3

=

behavior, production and individual feed intake
in dairy cows. Journal of Dairy Science, 60:
108-116. 1977.

Ketelaar-de Lauwere, CC, Devir S, Metz JHM.
The influence of social hierarchy on the time

4

s

budget of cows and their visits to an automatic
milking system. Applied Animal Behavioural
Science, 49: 199-211. 1996.

Longenbach, JI, Heinrich AJ, Graves RE. Feed
bunk length for Holstein dairy heifers. Journal
of Dairy Science, 82: 99-109. 1999.

Metz, JHM. Food competition in cattle. In
Farm animal housing and welfare. (Baxter SH,
Baxter MR, MacCormack JAC eds.) 164-170.
Martinus Nijhoff Publishers, The Hugue. 1983.
7) Morita, S., Devir S, Ketelaar-de Lauwere CC,

5

g

6

=



276 Shigeru MORITA et al.

Smits AC, Hogeveen H, Metz JHM. Effects of
concentrate intake on subsequent roughage
intake and eating behaviour of cows in an
automatic milking system. Journal of Dairy
Science, 79: 1572-1580. 1996.

8) Steel, RGD, Torrie JH. Nonparametric test.
In: Principles and procedures of statistics. 533-
553. McGraw-Hill. New York. 1980.

9) Sugita S, Morita S. Kobari T, Hoshiba S. The
effect of the density of cows in free-stall hous-
ing on duration of the lying periods. Journal of
Rakuno Gakuen University, 24: 30-43. 1999.

E:3 #

7 ) — Z b — VA T OB AR BN & M
AT AERCIE, 22 THBIN TV A4DTH %A
LWEDNH B, BWETIE, 7)) —2A =448
BT 5 IR FLA O EATENC T e, R
R R ICE H LG L 720 FLA4F 1 BHS 20 o
fIEIRD R 5 3 FDOEBER (A4 0.34, Bo4#&

0.56, C440.89 m/H) % *RIC 24 R DR AT
BFAA L EM L, 10 2 MR TEREL T 2304 21
RAH) L TResk L 720 K48 TO PR AR,
A4 TR 3 ARR/H, B4 TR 3.2KM/H,
CH&TH 4.8 B/ B & 7% o 72, EHIIR A HAF i b
M, SREIEAE < 20 B ItV ER L 72, ik T &
DR AEEM AT, 15EH» 72 ) OffERO K C4F
HTC, Mo 2 onFEE B 572, A BAEE
DENCZZITRED 5N h - 72, AdETOERIRHE
DFEWRAEROEAE, BAEB I UCEEITIN
B o 720 BEEIZ B W TR RER 2 20 47 LI T ok
A TOREZ M T 2HERIZCHEE L ITITHEL
<, 2047 %82 DR AR T 2 HERIZALET
DEENTHE Loz, INHDZ ERS, 1HY
720 DIRAWEM 721 The CREM ORI L 75
B, 18570 ofiffilEiZ 0.34m & 1 Jx<
THZEPMBETH Y, FEHICHT 24 RALY D
3HITH B 44 TIREFES N LI EE R 4 REUC
KL 120% KT 5 NEEDD 5 Z EHTRE NI,



