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Abstract

Thirty six steers were used to study the effect of both offering mixed rations
and the sequence of feeding on feed intake and eating pattern. Steers were given
pelleted concentrate and chopped hay twice daily. In FH treatment, steers were
first fed hay for 40 minutes from 7:30 and 19:30, and then fed concentrate
for 40 minutes. In FC teratment, hay and concentrate feeding was done in
reverse order. In MIX treatment, hay and concentrate were mixed and offered
80 minutes from 7:30 and 19:30. Dry matter intake/metabolic body size in
MIX treatment was tended to be less than that in FH treatment, and not dif-
fered with FC treatment. The time spent eating in MIX treatment was almost
equal to that in FH treatment, and longer than that in FC treatment. In both
separate feeding treatments, the eating behavior ratio of the first fed diet de-
creased beginning 20-25 minutes after feeding. In MIX treatment, the ratio de-
creased beginning 35-40 minutes after feeding. The ratio of the second fed diet
in FC treatment decreased beginning 15-20 minutes after feeding, and that in FH
treatment decreased beginning 20-25 minutes after feeding. From 15-20 minutes
after feeding to the end of the feeding period, the eating behavior ratios of first
fed hay were significantly higher than those of second fed hay. The ratios of
concentrate in all periods were the same, regardless of sequence of feeding. The
absolute value of the regression coefficient in the MIX treatment was lower than
that of both diets in FH and FC treatments. The absolute value of hay was
lower than that concentrate in FH and FC treatment.
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To eliminate or reduce labor, the cow housing system was changed from one
of individuals to one of groups. In group feeding, cows were offered mixed rations
to prevent selective eating. There have been many reports about the effects on
feed intake, milk yield and rumen fermentation of offering mixed rations. Some
reports pointed out that dry matter intake was not influenced by mixing"%!.
However, other reports suggested that feed intake increased by offering a mixed
ration®®,

In separate feeding, which was compared with mixed feeding, feed intake
was affected by sequence of feeding. There has not been much other work on
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sequence of feeding, apart from Voight et al’s report” dealing with cellulose
digestion. The study of eating behavior was necessary to investigate the effect of
mixing and sequence of feeding on feed intake.

The time spent eating and the rate of eating for the entire feeding period
were investigated in some reports™®, but little information has been available with
respect to the changes of eating behavior over time after start of feeding.

This study was conducted to study the effect of offering a mixed ration and
sequence of feeding on feed intake and eating pattern. The eating pattern was
investigated by time spent eating during a period of 5 minutes, which was divided
according to the time after feeding.

Materials and Methods

The animals used were 36 six-month-old Holstein steers. The average weight
of the steers was appoximately 190 kg. Steers were given pelleted concentrate
and chopped hay twice daily. Table 1 shows chemical compositions and gross
energy content of concentrate and hay. In the FH treatment, the steers were
first fed hay for 40 minutes from 7:30 and 19:30, and then fed concentrate for
40 minutes from 8:10 and 20:10. In FC treatment, hay and concentrate feed-
ing was done in reverse order. In MIX treatment, hay and concentrate was
mixed and offered for 80 minutes from 7:30 and 19:30. Steers were each as-
signed to one of three treatments, so there were 12 steers in each treatment.
The diets offered were over 110% of the amount of intake.

Table 1. Chemical composition and gross energy content of diets

Dry Matter CPD NDF?2 ADF? GEY

% (% of DM basis) MJ/kg DM
Concentrate 87.1 16.4 16.3 5.4 16.6
Hay 87.4 11.3 47.3 29.8 16.3

1) Crude protein, 2) Neutral detergent fiber, 3) Acid detergent fiber, 4) Gross energy.

The duration of one treatment was a week. On the last day of each week,
the time spent eating and amount of feed intake were recorded. Four video cameras
were used to recorde the time spent eating. The duration of feeding, 80 minutes,
was divided into 16 periods. Thus one period was 5 minutes. The eating behav-
ior ratio was the percentage of time spent eating during several 5-minute periods.
The ratio started decreasing at the periods that were significantly (P<0.05) dif-
ferent from the initial period after offering. The linear regression of the ratio on
the time after feeding was calculated in the range from the period that was the
preceding of starting period of the ratio decreasing to the period that was end
of feeding.

Tukey’s procedure® was used to compare the average of the different treat-
ments and the average ratio of eating behavior of different periods.
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Results and Discussion

Table 2 shows the amount of feed intake, the time spent eating and the rate
of eating. Dry matter intake/metabolic body size in MIX treatment tended to be
less than that of FH treatment, and did not different from that in FC treatment.
Time spent eating in MIX treatment was appoximately equal to that in FH treat-
ment, and was significantly (P<0.05) longer than that in FC treatment. The
amount and time spent eating for hay intake in FH treatment were significantly
(P<0.05) greater than those in FC treatment. Rate of eating was approximately
the same.

Table 2. Dry matter intake, time spent eating and rate of
eating in steers

FH FC MIX S. ED
DM intake (g/kg?75/day) 123 109 111 3.7
Hay 308 200 — 13
Concentrate 93 89 — 3.0
Time spent eating (min./day) 1252 108> 1212 2.8
Hay 688 520 — 14
Concentrate 58 56 — 1.7
Rate of eating (DMg/min.) 49 53 48 2.2

1) Standard error, a, b P<0.05

Tn our previous study®, DM intake and time spent eating were greater in steers
offered diets separately, in which hay was fed first, then concentrate was fed.
The results of DM intake and time spent eating in this study agreed with those
of our previous study®. The DM intake and the time spent eating of separate
feedings, which was usually compared with mixing feeding, changed with a change
in feeding methds, such as sequence of feeding. Some reports concluded that the
amount of DM intake increased when the mixed ration was offered*®. On the
other hand, some reports pointed out that offering the mixed ration had no effect
on DM intake’?. In this study, the amount of DM intake did not increase by
mixing of diets.

The changes of eating behavior ratio according to time after feeding are
shown in Fig. 1 and Table 3. Eating behavior ratio immediately after feeding was
approximately 1009 in all treatments. In both the separate feeding treatments,
eating behavior ratio of the first fed diet (hay in FH, concentrate in FC) decreased
from period 5 (20-25 minutes after feeding). In MIX treatment, there was ap-
proximately 100% at period 5, and the eating behavior ratio decreased from pe-
riod 8 (35-40 minutes after feeding). From period 5 to 8, the eating behavior
ratios in MIX treatment were highest, and those in FH treatment were higher
than those in FC treatment.

At the beginning of period 9, the second fed diet (concentrate in FH, hay in
FC) was offered. After period 9, the eating behavior ratio was almost 100% in
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Fig. 1. Changes of eating behavior ratio according to time after feeding.
The duration of feeding, 80 minutes, was divided 16 periods that

was 5 minutes. FEating behavior ratio was percentage of time
spent eating in 5 minutes period.

FH and FC treatment. The ratio of hay in FC treatment decreased from period
12, and that of concentrate in FH treatment decreased from period 13. In MIX
treatment, there was no re-offering, and the ratio decreased from period 9. From
period 9 to period 12, the ratios in MIX treatment were significantly (P<0.05)
less than those in FH and FC treatment.

Eating behavior changes with time of access to and re-offering of the diets”®.
In separate feeding treatments, time of access to each diet was 40 minutes. In
mixed feeding treatment it was 80 minutes. This was why the eating behavior
ratio started to decrease later in mixed feeding than in separate feeding.

Table 4 shows the effect of sequence of feeding on the eating behavior
ratio with time after each diet offering in separate feeding. From period 3 to
period 8, the eating behavior ratios of first fed hay (FH treatment) were signif-
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Table 3. Eating behavior ratio according to time after feeding
in each treatment

5 minutes period FH FC MIX S. ED
%

Period no. 1 ( 0- 51 _ 99.2 98.7 99.8 05
2 ( 5-10) 99.9 99.3 100.0 0.2
3 (10-15) 99.7 97.2 99.9 1.2
4 (15-20) 97.4ab 89.72 99.90 25
5 (20-25) 86.78b 68.12 99.9° 5.4
6 (25-30) 87.48 54.8b 96.42 49
7 (30-35) 64.9 4290 93.8¢ 35
8 (35-40) 3248 13.9 85.6¢ 3.7
9 (40-45P 100.02 99,20 81.5b 2.2
10 (45-50) 99.72 97.3 75.00 2.3
11 (50-55) 97,58 93.4s 63.1b 36
12 (55-60) 92.28 81.22 57.8b 3.2
13 (60-65) 7350 55.2b 59.1ab 46
14 (65-70) 57.6 37.70 55.18b 5.2
15 (70-75) 424 33.0 474 55
16 (75-80) 18.6 19.1 315 43

1) Standard error.

2) Range of period. There were minutes from the time of first fed diet offering. Just
time of first figure was not included, and time of second figure was included in the
periods.

3) Second fed diet were offered (FH and FC treatment). a, b, ¢ P<0.05

Table 4. Eating behavior ratio according to time after concentrate
and hay feeding

5 minutes Hay Concentrate S ED
period Ist 2nd 1st 2nd

No. 1 (0- 5@ 99.2 99.2 98.7 100.0 0.5
2 (5-10) 99.3 974 99.3 99.7 0.8
3 (10-15) 99.72 93.50 97.3eb 97.58b 13
4 (15-20) 97.4a 81.2v 89.7sD 92.22 2.6
5 (20-25) 86.72 55.3b 68.12b 73.52 5.7
6 (25-30) 87.5 37.7b 51.0¢ 57.7¢ 5.9
7 (30-35) 64.92 33.1v 43.0b 42.4b 5.0
8 (35-40) 324s= 19.2b 14.0 18.6® 4.1

1) Standard error.

2) Range of period. There were minutes from the time of first or second fed diet offering.
Just time of first figure was not included, and time of second figure was included in
the periods. a, b, ¢ P<0.05 : :
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icantly (P<0.05) higher than those of second fed hay. The ratios of concentrate
in all periods did not differ, regardless of sequence of feeding.

Voight et al.? described that cellulose digestibility in the forestomach increased
when chopped ryegrass was fed first and barley or corn grain fed second. They
did not investigate the dry matter intake and time spent eating. In our previous
study®, we concluded that the dry matter intake and time spent eating hay were
affected by sequence of feeding, but not those of eating concentrate. The results
of this study confirmed our previous conclusion, and suggested that the difference
in sequence of hay feeding appeared from 15 minutes after feeding.

The regressions of eating behavior ratio on the time after feeding are shown
in Table 5. In all treatments, the regression coefficient was higher than 0.90,
and significant (P<0.05). The absolute value of the regression coefficient in MIX
treatment was smaller than that of both diet in FH and FC treatment. The
absolute value of the regression coefficient of hay was significantly (P<0.05)
smaller than that of concentrate in FH and FC treatment. There was no dif-
ference in the regression coefficient of both diets, regardless of sequence of feeding.

Table 5. Regressions of eating behavior ratio on the time after feeding

Regression EquationsD r
Treatment Diet
.- Hay Y=—3.04X+157 —0.923*
Cencentrate Y=-357X+155 —0.997*
Concentrate Y=-3.53X+151 —0.987*
ke Hay Y=-3.05X+129 —0.982%
MIX Mixed ration Y=—-123X+133 —0.979*

1) Y: eating behavioral ratio (%).
X: time after feeding (minutes).
* P<0.05

Based on the results presents above, dry matter intake and the time spent
eating were not affected by the mixing of diets, but the effect of mixing of diets
on eating pattern after feeding was not clear because the time of access to the
diets was different between mixed and separated feeding. In the separate feeding,
we confirmed the previous conclusion and suggested that the difference due to
sequence of feeding appeared from 15 minutes after hay feeding.
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