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The effect of ruminal infusion of acetic, propionic
and butyric acids on eating, rumination behaviour
and feed utilization in sheep fed on ureasupplemented roughage
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ABSTRACT
Two experiments were conducted to investigate the effect of ruminal infusion of volatile fatty
acids (VFAs) on eating and rumination behaviour and feed utilization in sheep fed on hay. The
amounts infused were 300,300 and 150 kcal per day per animal of acetic, propionic and butyric acids,
respectively. Each acid solution was continuously infused into the rumen of sheep fed on timothy hay
alone (Experiment I). In Experiment II, sheep fed on roughage with varied crude protein (CP) levels
(6.0, 7.3, 9.1 and 15.5% DM). Four sheep, two in each, were used in repeated crossover designed
experiments. Daily eating time was lengthened by infusion of acetic and propionic acids as compared
to control. There was no change in eating time after infusion of butyric acid (Experiment I). Daily
eating time increased after propionic acid infusion and change in CP contents of the basal diet compared to control sheep. There was no change in eating time after infusion of acetic acid (Experiment II).
Rumination appearance tended to shorten after infusion of acetic and propionic acids as compared to
that of control. Butyric acid infusion gave opposite (Experiment I). Rumination appearance was long
with an increase in dietary CP, but was not changed by ruminal infusion of volatile fatty acids
(Experiment II). Daily rumination time tended to be long after infusion of butyric acid and short after
infusion of acetic acid, and did not change after infusion of propionic acid (Experiment I). Cyclic rate
tended to lengthen after infusion of acetic acid as compared to that of control, but there was no change
after infusion of propionic and butyric acids (Experiment I). Cyclic rate was shortened after infusion
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of acetic acid
regardless of the
CP content in the diet compared to that of control. Ruminal infusion of
propionic acid had no clear effect on cyclic rate in sheep fed on diets with varied CP contents
(Experiment II). Rumination appearance was fairly changed with varying levels dietary CP content
regardless ruminal VFAs infusion. It was therefore, concluded that ruminal infusion of VFAs had little
effect on eating and rumination behaviour and feed utilization. It was further concluded that chemical
stimulus rather than physical stimuli, such as the increment of ruminal nitrogen could influence the
chemoreceptor on the rumen wall.

KEY WAORD: eating behaviour, rumen, rumination, VFAs infusion, sheep, feed utilization

INTRODUCTION
Rumination behaviour contributes to the increase in utilization of roughage feeds
through particle size reduction, which facilitates their degradation in the rumen.
Particle size reduction through re-mastication of the feed improves rumen microbial and fermentation activities (Welch and Smith, 1969). Rumination behaviour is
closely related to the amount of feed ingested (Gordon, 1965; Fujihara et al., 1990b)
and is influenced by changes in physical properties and/or chemical composition of
feed ingested (Gordon, 1958; Fujihara, 1980; Fujihara and Nakao, 1990a; Mawuenyegah et al., 1997). Rumination is initiated by the presence of ruminal ingesta by
chemical and/or physical stimuli to receptors in the rumen wall (Fujihara et al.,
1989). However, the exact mechanism involved is not clearly known (Fujihara and
Nakao, 1990b).
Rumination index (time spent ruminating per 100 g DM intake), which also defines rumination efficiency, is highly influenced by the chemical and physical quality
of the feed (Dryden et al., 1995). The products of rumen fermentation (VFAs) and
the extent of ruminal fermentation are closely related to rumination behaviour. Infusion of acetic acid into the rumen alone has no significant effect on rumination
behaviour in sheep fed on low quality hay. The type and form of forage eaten and
significantly the amount of crude protein fed seem to also play a great role (Fujihara
et al., 2002b). Increasing protein (Fujihara and Nakao, 1984) and energy supply
(Weston, 1996; Mawuenyegah et al., 1997) to the rumen helps in maintenance of
optimal rumen condition from microbial growth and fibre digestion resulting in higher voluntary intake.
The objectives of this study were to investigate the effect of infusing VFAs
alone on the eating, rumination behaviour and feed utilization on sheep fed on hay
diets (Experiment I). The effect of ruminal infusion of acetic and propionic acids
with varied CP levels in the form of urea on eating, rumination behaviour and feed
utilization in sheep fed on grass hay diets was also investigated (Experiment II).
Fujihara et al. (1990a) have briefly described part of this work.
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MATERIAL AND METHODS
Treatment and design
Experiment I. Two Japanese Corriedale wethers were fed on a basal diet of
timothy hay (CP: 9.1-10.0%) with or without ruminal infusion of acetic, propionic
and butyric acids in a repeated measurement cross over experiment (Table 1).
Each period lasted for 12 days (7 for preliminary and 5 for sampling). Infusion of
acetic and propionic acids were done using the same procedures as described by
Fujihara et al. (2002a). Butyric acid was infused at the rate 12 mmol/h during 24 h,
which was estimated to be able to supply 150 kcal per day per head.
Experiment II. Two crossbred female lambs were fed on three basal diets of
hay with or without ruminal infusion of acetic and propionic acids in a repeated
measurement crossover experiment also in three periods of similar duration as in
experiment one. The three basal hays used were timothy hays (6.6% or Italian
ryegrass hay, 7.3% of CP per DM); timothy hay (9.1% of CP per DM); timothy
hay supplemented with urea (15.5% CP per DM). The same technique of ruminal
infusion of VFA acids used in experiment one was also applied.
Experimental design
Experiment I

Period I
Basal diet (hay)
Timothy (B)
Acid infused
acetic acid
Treatment
control
infusion
Allocation of animals
1st term*
A
B
2nd term
B
A

TABLE 1
Period II
Timothy (B)
propionic acid
control
infusion
A
B

B
A

Period III
Timothy (C)
butyric acid
control infusion
A
B

B
A

Experiment II
Period I
Period II
Period III
Basal diet
Timothy (A)1
Timothy (B)
Timothy (B)+Urea
CP of basal diet (%)
6.6 (7.3) 1
9.1
15.5
Treatment
control
infusion2
control
infusion
control infusion
Allocation of animals
1st term*
C
D
C
D
C
D
2nd term
D
C
D
C
D
C
# consecutive 12 days for each treatment (7-day: preliminary, 5-day: sampling)
1 in propionic acid infusion, Italian ryegrass hay was used in period I
2 ruminal infusion of acetic acid and propionic acid
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Animals, diets and management
The four sheep (two Japanese Corriedale wethers for Experiment I and II crossbred Suffolk x Japanese Corriedale female lambs for Experiment II), weighing 3845 kg and fitted with ruminal cannulae were used. The sheep were kept in metabolism cages throughout the experimental period. They were fed on 2.0-2.2% dry
matter (DM) of each hay per kg body weight per day. Three types of timothy and
one type of Italian ryegrass hays were used. Their chemical composition is as
shown in Table 2. Before feeding, hay was chopped to about 4 cm long. One-half
of the daily rations were given at 09.00 and the other half at 17.00.
Fresh water and salt licks containing trace elements were made available at all
times throughout the trial. Refusals were weighed, sampled everyday, bulked and
sub-sampled every week for their chemical analysis.
Chemical composition of hay diet, % of DM
Timothy
Diet
Organic matter
Crude protein
Crude fat
Crude fibre
NFE 1
1 nitrogen free extractives

(A)
93.7 1
6.6
2.3
34.9
49.9

(B)
93.5
9.1
2.5
32.8
49.1

TABLE 2
(C)
94.6
10.0
3.3
34.7
46.6

Italian ryegrass
87.1
7.3
2.8
37.8
39.3

Sample collection and analytical methods
In each experimental period, sampling was done for five days following a seven-day preliminary period. Faeces and urine samples were collected daily from
the experimental animals before feeding each morning. The samples for ruminal
contents and jugular blood were collected on the final day of the experiment in each
period as the same manner in the previous report of Fujihara et al. (2002a). Analytical techniques for chemical analysis of feed, excreta, ruminal contents and blood
plasma, and the method for measuring eating and rumination behaviour were similar to those used by Fujihara et al. (2002a).
Test for significance of difference between the treatment means for repeated
measurement were compared using Mest (Stats View, 1999; SAS Institute Inc.,
SAS Campus Drive, Cary, NC 27513).
The nitrogen (N) balance was indicated as g per kg of metabolic body size to
correct a variance metabolism according with different body weight of animals.
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RESULTS
Eating behaviour
In Experiment I, time spent eating per day was increased in sheep infused
with acetic and propionic acids. There were fewer decreases with butyric acid
infusion (Table 3). Infusions had no significant effect (P<0.05) on eating time
and rate of eating. Infusions with acetic and propionic acids led to decreased
rumination appearance (lag time after eating) in sheep while it was increased
by butyric acid.
In Experiment II however, time spent eating per day did not change with acetic
acid infusion and eating time took longer time in sheep fed on low-CP hay (Table 3).
Rumination appearance took longer in sheep fed on hay with increasing CP content
and was not changed by infusion of VFAs. Daily eating time was prolonged (P>0.05)
by infusion with propionic acid regardless the CP content and type of hay eaten.
Consequently, eating rate was slightly decreased in sheep fed hay containing variable CP contents.
Rumination behaviour
In Experiment I, daily ruminating time decreased in sheep infused with acetic
acid as compared with those on control, but was almost same in those infused with
propionic acid and compared to control. Similar results were obtained for butyric
acid infused sheep, which also showed no change in daily ruminating time (Table 4).
The number of boli regurgitated daily tended to increase (P>0.05) in acetic and
butyric acids infused sheep. Similarly, infusion with propionic acid, did not (P>0.05)
change the daily number of boli regurgitated by sheep so did rumination period in
the whole experiment. The rumination index (time spent ruminating/100 g DM
eaten) decreased only after ruminal infusion of acetic acid but not change after
infusion with propionic or butyric acid.
In Experiment II, infusion with acetic acid significantly (P<0.05) decreased daily time spent ruminating by sheep on low CP (6.6%) hay than those on control.
Time spent ruminating by sheep on high CP (15.5%) hay tended to be longer with
infusion but not significantly (P>0.05). The number of boli regurgitated daily by
sheep on low CP (6.65) hay tended to decrease after infusion with acetic acid, but
was slightly increased (P>0.05) in sheep fed high CP (9.9-15.5%) hay after infusion with acetic acid. The number of daily rumination periods tended to increase
with an increase in dietary CP both in the acid infused and control groups. Cyclic
rate (total rumination time (s)/number of boli regurgitated) tended to be shorter
after infusion with acetic acid regardless of dietary CP level, and the difference in
values with or without infusion of acetic acid was significantly (P<0.05) in sheep

221.8 ± 10.9
3.0 ±0.2
150.0 ± 18.0

216.7 ± 11.2
2.8 ± 0.0
151.4 ±49.4

6.6 (7.3) #
control
infusion
156.2 ±4.1
3.4 ±0.1
162.1 ±23.1

control

9.1
167.7 ±5.7
3.1 ±0.2
157.2 ±9.6

infusion

Propionic acid
control
infusion
187.0 ±6.2
197.1 ± 8.9
2.8 ±0.1
2.7 ± 0.2
179.7 ± 2.3
151.4 ±48.2

Propionic acid infusion
187.0 ±6.2
232.7 ± 13.8 248.3 ±7.1
197.1 ± 8.9
Time spent eating, min/d
2.7 ± 0.0
2.8 ±0.1
2.7 ± 0.2
Rate of eating, g DM/min
2.9 ±0.1
151.4 ±48.2
Rumination appearance, min/d2 86.8 ± 18.0 107.3 ±31.2
179.7 ±2.3
1 mean ± SE of 10 observations (2 animals x 5 days)
2 lag time after eating (see Fujihara, 1980)
# the value in parenthesis is CP content of Italian ryegrass hay used in propionic acid infusion

Experiment II
Dietary CP, %
Treatment
Acetic acid infusion
Time spent eating, min/d
Rate of eating, g DM/min
Rumination appearance, min/d2

Eating behaviour in sheep fed on hay diet ruminal infusion of VFAs
Experiment I
Infused acid
Acetic acid
Treatment
control
infusion
167.7 ±5.7
Time spent eating, min/d
156.2 ±4.1'
3.1 ±0.2
Rate of eating, g DM/min
3.4 ±0.1
Rumination appearance, min/d2 162.1 ±23.1 157.2 ±9.6
15.5

159.9 ±21.1
3.2 ±0.2
194.4 ± 64.9

167.7 ±5.7
3.3 ± 0.7
190.8 ±22.4

control

203.9 ± 23.0
2.5 ± 0.5
189.9 ± 19.0

167.2 ± 14.8
3.1 ±0.3
190.2 ±42.3

infusion

Butyric acid
control
infusion
215.3 ±32.8 200.7 ± 39.9
3.7 ± 0.6
4.1 ±0.8
85.4 ± 32.7
95.5 ±3.9

TABLE 3

Rumination behaviour in sheep fed on hay diet with ruminal infusion of VFAs
Experiment I
Infused acid
Acetic acid
Propionic acid
Treatment
control
infusion
control
infusion
1
+
Rumination time, min/d
526.8 ± 27.2 492.2 17.5
514.3 ±39.6
514.7 ± 61.7
No. of boli regurgitated, Id
599.0 ± 49.0 636.1 + 86.5
571.4 ±31.0
569.1 ± 0.3
±
No. of rumination period, Id
21.3 ±4.3
21.9 ± 0.1
18.0 ±3.2
17.9 ± 3.3
Cyclic rate, sec.2
53.3 ±7.1
50.0 ± 1.7
53.9 ± 1.2
54.2 ±± 6.6
Rumination index # ,min
100.0 ± 5.2
96.3 0.4
98.6 ± 7.6
100.8 11.5
Experiment II
Dietary CP, %
6.6 (7 .3) ##
9.1
Treatment
control
infusion
control
infusion
Acetic acid infusion
Rumination time, min/d
565.7 ± 17.4a 478.1 ±± 10.2b
526.8 ± 27.2
492.2 ±± 17.5
No. of boli regurgitated, Id
594.2 ±21.6 535.9 20.5
599.0 ± 49.0
636.1 86.5
No. of rumination period, Id
20.9 ±4.1
14.3 ±± 2.7
21.3 ±4.3
21.9 ±± 0.1
Cyclic rate, sec.2
57.1 ±0.3a
53.6 ± 1.0b
53.3 ±7.1
50.0 ± 1.7
Rumination index#, min
78.1 ±4.9
78.2 3.4
100.0 ±5.2
96.3 0.4
Propionic acid infusion
Rumination time, min/d
565.8 ± 24.0 572.6 ±± 4.8
514.3 ±39.6
514.7 ±± 61.7
No. of boli regurgitated, Id
550.4 ±4.8
585.5 6.3
571.4 ±31.0
569.1 0.3
No. of rumination period, Id
25.9 ±5.3
24.8 ±± 4.1
18.0 ±3.2
17.9 ± 3.3
Cyclic rate, sec.2
61.7 ±3.2
58.7 ± 0.1
53.9 ± 1.2
54.2 ±± 6.6
Rumination index*, min
85.6 ± 3.4
86.6 0.9
98.6 ± 7.6
100.8 11.5
1 mean ±SE of 10 observations (2 animals x 5 days)
2 total rumination time (sec.)/no. of boli regurgitated (see Gordon, 1961)
# time spent ruminating/ 100 g DM eaten (see Fujihara, 1980)
m the value in parenthesis is CP content of Italian ryegrass hay used in propionic acid infusion
a b values with different superscript letters differ at P<0.05
514.6 ±± 9.1
605.3 ± 2.3
24.8 ± 3.6
51.3 0.5
104.1 ± 1.1
472.1 ±± 17.0
540.9 45.3
22.2 ±± 4.8
52.9 6.4
96.6 ± 2.4

504.0 ±± 27.9
527.8 ± 20.0
22.5 ± 2.9
57.5 ± 5.4
94.3 6.8

infusion
499.1 ±± 6.4
534.9 ± 53.7
25.1 2.1
56.6 ±± 5.0
98.9 1.7

control

15.5

Butyric acid
control
infusion
±
579.3 22.2
592.7 ± 32.3
574.8 ±± 17.0
599.7 ± 7.7
21.3 ± 2.5
21.6 ±± 3.2
60.5 ± 0.5
59.3 ± 2.5
75.4 3.9
76.2 5.2

TABLE 4
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fed low CP
(6.6%) diet.4 Rumination index in sheep did not change after infusion
with acetic acid regardless of CP level in the diet.
Infusion of propionic acid, tended to shorten (P>0.05) the daily time spent
ruminating by sheep on 15.5% CP hay-diet but did not bring any changes in sheep
fed on low CP (7.3-9.1%) diets. However, daily ruminating time tended to decrease with an increase of dietary CP level both with and without infusion with
propionic acid. There was a non-significant (P>0.05) increase in the daily number
of boli regurgitated with infusion with propionic acid in sheep fed on low CP diet
with no changes observed for those on high CP (9.1-15.5%) hays. The number
of rumination periods for sheep fed the diets with varying protein contents
(7.3-15.5%) did not also increase. Cyclic rate tended to decrease (P>0.05) after
infusion with propionic acid in sheep fed a low (7.3%) and high (15.5%) haydiets, but was no change in sheep fed on medium (9.1%) hay diet. There was no
change in rumination index after infusion with propionic acid in sheep fed hay diet
containing 7.3-15.5% CP.
Apparent digestibility
Except for crude fibre (Cfi), which was slightly decreased, digestibility of the
other nutrients was not affected (P>0.05) by acetic acid infusion in Experiment I
(Table 5). However, infusion with propionic acid improved (P>0.05) the digestibility
of CP and crude fat (Cfa) than that in the control sheep. CP digestibility was also
higher (P>0.05) in butyric acid infused sheep than in those in the control sheep.
In Experiment II, there was decrease (P>0.05) in all nutrient digestibilities except Cfa when sheep fed on low and high CP hays were infused with acetic acid.
The digestibilities of CP, Cfa and Cfi tended to increase with an increase of dietary
CP regardless the acid infusion.
Infusion with propionic acid resulted in no (P>0.05) change in apparent digestibility of all nutrients in sheep fed on low CP level hay. Same results were obtained
from sheep on high CP level hay except for CP digestibility, which was slightly
improved.
Nitrogen balance
There was no difference (P>0.05) in retained N (Table 6) between acetic acid
infused and control sheep although N intake was low after infusion with acetic
acid. However, retained N tended to be higher in sheep infused with propionic and
butyric acids than those in control, and then the ratio of retained N per digested N
was also higher in former than in the latter, but not significantly (P>0.05).
In Experiment II there was no clear effect of acetic acid-infusion on N balance
in sheep fed on low CP hay. Urinary N excretion decreased after infusion with

51.3 ±0.5
47.6 ± 3.9
32.9 ± 6.7
51.9 ±2.5
52.3 ± 0.5

46.0 ± 5.0
41.1 ±4.6
39.8 ±0.3
44.5 ± 5.6
47.9 ± 5.0

6.6 (7.3) #
control
infusion
61.0 ± 1.2
58.7 ±2.1
43.0 ±6.2
69.5 ± 0.7
56.6 ± 1.1

control

9.1

61.7 ±2.0
77.8 ± 0.0
53.1 ±2.2
67.3 ± 3.5
58.3 ± 1.5

63.7 ± 0.5
74.2 ± 1.0
56.7 ±5.1
73.1 ±2.0
60.9 ±0.1

61.3 ±
58.3 ±
43.9 ±
67.8 ±
58.5 ±

1.4
1.5
7.6
0.9
1.4

control

15.5

Butyric
control
56.5 ± 0.4
57.4 ± 0.2
68.5 ± 3.0
64.0 ± 0.0
50.7 ± 0.2

infusion

Propionic acid infusion
62.4 ± 1.5
54.3 ±0.1
62.6 ± 2.4
53.5 ±0.3
Organic matter
46.1 ±0.7
64.8 ± 3.3
47.0 ± 1.7
66.8 ± 0.7
Crude protein
55.3 ±4.6
55.3 ± 39
51.6 ±4.6
57.7 ±0.1
Crude fat
62.3 ± 2.4
62.8 ± 0.4
67.8 ± 1.7
67.5 ± 2.3
Crude fibre
46.2 ± 1.1
47.4 ± 0.4
59.0 ±2.8
58.9 ±0.8
NFE 2
1 mean ±SE of 10 samples (2 animals x 5 days)
2 nitrogen free extractives
# the value in parenthesis is CP content of Italian ryegrass hay used in propionic acid infusion

Experiment II
Dietary CP, %
Treatment
Acetic acid infusion
Organic matter
Crude protein
Crude fat
Crude fibre
NFE 2

Apparent digestibility of nutrients in sheep fed on hay diet ruminal infusion of VFAs
Experiment I
Infused acid
Acetic acid
Propionic acid
Treatment
control
infusion
control
infusion
1
61.0 ± 1.2
62.4 ± 1.5
Organic matter
61.3 ± 1.4
62.6 ± 2.4
58.7 ±2.1
64.8 ± 3.3
Crude protein
58.3 ± 1.5
66.8 ± 0.7
43.0 ± 6.2
51.6 ±4.6
Crude fat
43.9 ± 7.6
57.7 ±0.1
Crude fibre
67.8 ± 0.9
69.5 ± 0.7
67.5 ± 2.3
67.8 ± 1.7
NFE 2
58.5 ± 1.4
56.6 ± 1.1
59.0 ±2.8
58.9 ±0.8

63.4 ± 3.0
79.4 ± 1.1
50.9 ±3.1
69.3 ± 4.5
60.1 ±3.2

60.3 ± 1.0
72.0 ± 2.0
52.1 ±3.3
69.8 ± 1.4
56.2 ± 3.0

infusion

acid
infusion
57.2 ± 1.6
58.8 ±0.0
70.2 ± 2.4
63.2 ±2.8
51.4 ±0.7

TABLE 5

Experiment II
Dietary CP, %
6.6 (7.3)2
9.1
Treatment
control
infusion
control
infusion
Acetic acid infusion
Total intake
0.49 ± 0.00
0.42 ± 0.01
0.68 ± 0.01
0.64 ± 0.02
Faecal output
0.26 ±0.01
0.24 ± 0.01
0.28 ±0.01
0.27 ±0.01
Urinary excretion
0.12 ±0.00
0.12 ±0.00
0.26 ± 0.08
0.24 ± 0.03
Retention
0.12 ±0.02
0.06 ± 0.02
0.14 ±0.10
0.14 ±0.06
Retained/absorbed, %
49.5 ± 6.5
33.4 ± 6.6
32.6 ± 24.5
36.5 ± 13.5
Propionic acid infusion
Total intake
0.55 ± 0.00
0.55 ± 0.00
0.68 ± 0.01
0.66 ±0.01
Faecal output
0.29 ± 0.01
0.29 ± 0.00
0.24 ± 0.02
0.22 ±0.01
Urinary excretion
0.22 ± 0.02
0.18 ±0.04
0.24 ± 0.02
0.19 ±0.02
Retention
0.04 ± 0.03
0.07 ± 0.04
0.21 ±0.01
0.25 ± 0.01
Retained/absorbed, %
15.5 ±9.8
28.9 ± 16.5
47.1 ±6.6
56.3 ± 3.6
1 mean ±SE of 10 samples (2 animals x 5 days)
2 the value in parenthesis is CP content of Italian ryegrass hay used in propionic acid infusion

Nitrogen balance in sheep fed on hay diet with ruminal infusion of VFAs, g/KgBW° 75/d
Experiment I
Infused acid
Acetic acid
Propionic acid
Treatment
control
infusion
control
infusion
1
Total intake
0.68 ± 0.01
0.64 ± 0.02
0.68 ± 0.01
0.66 ± 0.01
Faecal output
0.28 ± 0.01
0.27 ± 0.01
0.24 ± 0.02
0.22 ±0.01
Urinary excretion
0.26 ± 0.08
0.24 ± 0.03
0.24 ± 0.04
0.19 ±0.02
Retention
0.14 ±0.10
0.14 ±0.06
0.21 ±0.01
0.25 ± 0.01
Retained/absorbed, %
32.6 ± 24.5
36.5 ± 13.5
47.1 ±6.6
56.9 ± 3.6

1.20 ±0.02
0.33 ± 0.02
0.75 ±0.01
0.13 ±0.05
14.2 ±5.8
1.14 ±0.03
0.24 ± 0.02
0.64 ± 0.01
0.26 ± 0.02
28.9 ± 1.9

1.20 ±0.02
0.27 ±0.01
0.64 ± 0.06
0.30 ± 0.08
31.6 ±8.5

infusion

acid
infusion
0.74 ± 0.03
0.31 ±0.01
0.25 ± 0.01
0.19 ±0.02
42.9 ± 3.8

1.18 ±0.02
0.31 ±0.01
0.83 ± 0.07
0.07 ± 0.04
7.55 ±5.2

control

15.5

Butyric
control
0.72 ± 0.02
0.30 ± 0.00
0.29 ± 0.03
0.13 ±0.05
29.4 ± 11.5

TABLE 6
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acetic acid and the ratio of retained N per digested N also increased in sheep on
high CP hays. Infusion with propionic acid of sheep fed on low CP diet resulted in
reduced urinary N excretion and consequently in higher retained N compared to
the control sheep. There was no difference (P>0.05) in N balance between sheep
fed high CP diet in with and without propionic acid infused sheep. Generally
retained N increased with an increase in dietary CP level regardless the acid
infusions.
The changes in parameters of ruminal fermentation
In Experiment I, rumen pH was lower and VFAs higher in sheep infused with
acetic acid than in control (Table 7). Rumen ammonia levels were however, decreased with acetic acid infusion. Propionic acid infusion however, did not effect
(P>0.05) on ruminal pH although VFAs concentrations were increased. Rumen
ammonia decreased after infusion with propionic acid as compared with control.
There was no (P>0.05) change in pH value, VFAs and ammonia contents in rumen
of sheep infused with butyric acid.
Infusion of acetic and propionic acids had no (P>0.05) effect rumen pH in
sheep fed on hay diet containing 6.6-15.5% CP. The concentration of VFAs in
the rumen liquor increased after ruminal infusion of acetic acid in sheep fed hay
containing 6.6-15.5% CP but were low in sheep fed low CP (7.3%) diet after
infusion with propionic acid. Rumen ammonia decreased (P<0.05) with infusion
of propionic acid in sheep fed high CP (9.1-15.5%) diet compared to sheep fed
low CP (7.3%) diet.
The changes in concentrations of metabolites in the plasma
As shown in Table 8 in Experiment I the concentrations of urea and total protein
in the plasma of sheep infused with acetic acid tended to be lower (P>0.05) as
compared to that in control. There was also a little (P>0.05) change in plasma urea
and total protein after infusion with propionic acid. Blood glucose did not increase
after infusion with propionic acid as a glycogenic precursor. Plasma urea and total
protein levels also were not affected (P>0.05) by infusion with butyric acids.
In Experiment II there was a little (P>0.05) difference in the concentration of
plasma total protein after infusion with acetic acid of sheep fed hay containing
6.6-15.5%) CP. The concentration of urea in blood plasma tended to decrease
(P>0.05) with infusion of acetic acid to sheep fed hay diets containing 6.6-15.5%
CP. Similar results were obtained with propionic acid infusion, which on the other
hand (PO.05) increased blood glucose concentration in sheep fed low CP (7.3%)
diet, which was lower in sheep fed high CP (15.5%) diet.

6.8 ±0.1
9.5 ± 0.2
6.8 ±0.7

Propionic acid infusion
The pH value
Total VFAs, mmol/dl
Ammonia, mg/dl

2

1

6.9 ± 0.0
7.2 ± 0.3
2.3 ± 0.7

6.9 ±0.1
6.1 ±0.0
5.8 ±0.7
6.7 ±0.1
7.4 ± 0.2
10.2 ±0.2

6.7 ± 0.0
7.4 ± 0.2
12.5 ±3.0

control

9.1

6.8 ±0.0
8.8 ±0.2
6.6 ± 1.1

6.5 ±0.1
10.9 ±0.7
8.6 ± 0.5

infusion

mean ±SE of 12 samples (2 animals x 6 times)
the value in parenthesis is CP content of Italian ryegrass hay used in propionic acid infusion

6.9 ±0.1
7.8 ±0.2
7.9 ± 0.8

infusion

6 .6
control

(7.3) 2

Experiment II
Dietary CP, %
Treatment
Acetic acid infusion
The pH value
Total VFAs, mmol/dl
Ammonia, mg/dl

6.6 ± 0.2
8.4 ± 0.8
39.2 ± 10.0

7.0 ±0.1
7.5 ±0.3
41.6 ± 8.1

control

15.5

6.8 ±0.1
11.4 ±0.4
33.9 ±5.8

6.8 ± 0.2
11.4 ±0.5
38.6 ±4.6

infusion

TABLE 7
The pH value, and the concentration of ammonia and VFAs in rumen fluid of sheep fed on hay diet with ruminal infusion of VFAs
Experiment I
Infused acid
Acetic acid
Propionic acid
Butyric acid
Treatment
control
infusion
control
infusion
control
infusion
1
The pH value
6.7 ± 0.0
6.5 ±0.1
6.7 ±0.1
6.8 ± 0.0
6.8 ±0.1
6.9 ±0.1
Total VFAs, mmol/dl
7.4 ± 0.2
10.9 ±0.2
7.4 ±0.2
8.8 ±0.2
7.8 ±0.5
7.2 ±0.1
Ammonia, mg/dl
12.5 ±3.0
10.2 ±0.2
6.6 ± 1.1
8.6 ± 0.5
8.8 ± 1.2
7.0 ± 1.4
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mean ±SE of 12 samples (2 animals x 6 times)
the value in parenthesis is CP content of Italian ryegrass hay used in propionic acid infusion

The concentrations of glucose, urea nitrogen and total protein in blood plasma of sheep fed on hay diet with ruminal infusion of VFAs
Experiment I
Infused acid
Acetic acid
Propionic acid
Butyric acid
Treatment
control
infusion
control
infusion
control
infusion
1
Glucose, mg/dl
38.4 ± 1.6
39.4 ± 658
Urea nitrogen, mg/dl
6.8 ± 0.4
9.3 ± 2.5
6.1 ±0.8
6.7 ± 0.4
6.9 ± 0.4
7.5 ± 1.2
Total protein, g/dl
6.9 ±0.8
6.3 ± 0.6
7.0 ± 0.4
6.8 ±0.5
7.6 ±0.1
7.6 ± 0.4
Experiment II
Dietary CP, %
6.6 (7.3) 2
15.5
9.1
Treatment
control
infusion
control
. infusion
control
infusion
Acetic acid infusion
Glucose, mg/dl
5.4 ± 0.4
Urea nitrogen, mg/dl
7.3 ± 0.4
9.3 ± 2.5
6.1 ±0.8
21.0 ±0.6
17.8 ±0.7
Total protein, g/dl
6.7
±
0.7
6.3
±0.6
7.3
±
0.4
7.0 ± 0.4
6.9
±
0.8
6.4 ± 0.5
Propionic acid infusion
38.4 ± 1.6
39.4 ± 6.5
Glucose, mg/dl
44.3 ± 2.2
37.0 ± 0.6
44.4 ± 1.6
49.4 ±0.1
Urea nitrogen, mg/dl
6.8 ± 0.4
6.7 ± 0.4
9.5 ± 1.1
8.7 ± 0.3
20.5 ± 1.6
18.2 ±0.9
Total protein, g/dl
6.3 ± 0.4
5.9 ±0.0
7.0 ± 0.4
6.8 ± 0.5
6.8 ± 0.6
6.5 ± 0.7
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The composition of VFAs in rumen contents
In Experiment I, the level of acetic acid was increased (PO.05) with infusion of
acetic acid, although the levels of propionic, butyric and zsovaleric acids were lower
than that in control (Table 9). The infusion of propionic acid had effect (P<0.05) on
increased level of propionic acid in the rumen, but had no effect on levels of acetic
and butyric acids. Infusion with butyric acid, resulted in a twofold increase in rumen
butyric acid content compared to that in control. The levels of acetic and propionic
acids in rumen however decreased (PO.05) compared with that in control.
Results from Experiment II show that infusion with both acetic and propionic
acids, increased the ratio of each acid in ruminal total VFAs to 2-3 times higher
than that in control regardless the changes in level of dietary CP. However, the
ratios of other acids with the exception of those infused were rather lower in infused sheep than in control.
DISCUSSION
Results from this study show that daily eating time and rate of eating were not
significantly (P>0.05) changed by ruminal infusion of acetic and propionic acids,
although there was no clear relationship between feed intake and ruminal VFAs
infusion. According to Baile and Mayers (1969), infusion of VFAs into the rumen
or the jugular vein reduced voluntary feed intake in goats. The authors attributed
this to a receptor for acetic acid in the rumen wall. They also postulated that a
similar receptor for propionic acid was located in the liver as well as in the rumen
wall. Rumination appearance did not also change after ruminal infusion of VFAs.
Similar results were reported by Fujihara et al. (2002a,b). With an increasing N
intake, however, the lag time after eating tended to increase after infusions of acetic and propionic acids. From these results, it seems that a chemical stimuli caused
by a change in dietary CP ingested is dominant factor controlling initiation of rumination. A conclusion was also reached by Fujihara et al. (2002b) in an experiment
with sheep fed on high-CP hay.
According to Pearce (1965), there is a characteristic lag period after eating in
sheep fed on hay with no clear change in this lag time when the rumen pH is
6.0-7.0. In the current study, rumen pH of 6.0-7.0 after eating was ensured by
VFAs infusion in the rumen with buffer solution to ensure rumination appearance.
Increased salivation during eating is thought to delay initiation of rumination through
salivary mucin, which coats the feed bolus before it enters the reticulo-rumen (Balch,
1958), creating a defensive wall between ingesta and receptors on the rumen wall.
This is thought to prolong initiation of rumination during after eating. Increasing N
intake and ruminal infusion of urea (NPN) in this experiment stimulated the coating

5.19 ±0.61
1.15 ±0.08a
0.37 ± 0.02
0.05 ± 0.00

Propionic acid infusion
Acetic acid
Propionic acid
Butyric acid
/so-valeric acid

1 mean ±SE of 12 samples (2 animals x 6 times)
2 the value in parenthesis is CP content of Italian
ab values with different superscript letters differ

3.59 ± 0.22a
0.89 ± 0.03
0.64 ± 0.24
0.04 ± 0.00

0.30b
0.00
0.07
0.00
4.85 ±0.31
0.87 ± 0.05a
0.42 ±0.01
0.14 ±0.01

4.99 ± 0.22a
0.96 ± 0.05
0.52 ± 0.03
0.12 ±0.00

control

9.1

6.04 ± 1.10
1.05 ±0.01a
0.51 ±0.01
0.06 ±0.01

3.34±0.18a
0.70 ± 0.05
0.38 ± 0.07
0.05 ± 0.01

8.16±0.22b
0.72 ± 0.02
0.38 ±0.01
0.09 ± 0.02
4.05 ± 0.20
2.95 ±0.17b
0.37 ± 0.04
0.15 ±0.01

control

15.5

Butyric
control
4.33 ± 0.53
0.94 ±0.10
0.29 ± 0.05a
0.12 ±0.02

infusion

ryegrass hay used in propionic acid infusion
(P<0.0)

4.14 ±0.16
3.40 ± 0.59b
0.32 ± 0.03
0.04 ±0.01

4.95 ±
0.63 ±
0.45 ±
0.02 ±

6.6 (7.3) #
control
infusion

Experiment II
Dietary CP, %
Treatment
Acetic acid infusion
Acetic acid
Propionic acid
Butyric acid
/so-valeric acid

The composition of VFAs in rumen fluid of sheep fed on hay diet with ruminal infusion of VFAs
Experiment I
Infused acid
Acetic acid
Propionic acid
Treatment
control
infusion
control
infusion
Acetic acid
4.99 ± 0.22 la 8.16±0.22b
4.85 ±0.31
4.05 ± 0.20
Propionic acid
0.96 ± 0.05
0.72 ± 0.02
0.87 ± 0.05a
2.95 ±0.17b
0.52 ± 0.03
0.42 ± 0.01
0.37 ± 0.04
Butyric acid
0.38 ±0.01
0.12 ±0.00
0.14 ±0.01
0.15 ±0.01
Iso- valeric acid
0.09 ± 0.02

0.94b
0.01
0.03
0.01
5.34 ± 0.34
3.54±0.01b
0.42 ± 0.02
0.07 ± 0.01

6.47 ±
0.62 ±
0.28 ±
0.04 ±

infusion

acid
infusion
3.63 ±0.12
0.78 ± 0.03
0.62 ± 0.04b
0.12 ±0.03

TABLE 9
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of ingesta with mucoprotein and subsequently decreasing physical stimuli to the
rumen wall mechano-receptors suppressing initiation of rumination. Ingesta volume
is thought to provide the physical stimuli to the rumen wall, resulting in differences
in the daily time spent ruminating. Rumination index, which reflects a relationship
between the amounts consumed and rumination time, was almost the same between VFAs infused and controls. Fujihara and Nakao (1982), who reported a daily
ruminating time, also obtained similar results in sheep fed on timothy hay as 565.2
min that falls within the range of 500-600 min obtained in the current study. Cyclic
rate, an important index for reticulo-rumen motility is reported to be reduced by
ruminal infusion of acetic acid (Gregory, 1984). However, for reasons, which are
not clear, results from this study show that reticulo-rumen motility was stimulated
by ruminal infusion of acetic acid.
Propionic and butyric acids did not have much effect on daily ruminating time,
although with an increase of N intake daily time spent ruminating tended to decrease (P>0.05). These results are in agreement with those reported by Pearce
(1965) for cattle and sheep fed on roughage. Furthermore, Pearce (1965) also
observed no effect of ruminal infusion of urea on rumination behaviour, which was
similar to the results obtained in this study.
Digestibility of Cfi was decreased (P>0.05) after infusion of acetic acid regardless of the level of dietary CP fed. This indicated that there was a shortening of the
cyclic rate and thus ruminal motility, increasing digesta passage rate and reducing
retention time. There was also a reduction in rumen pH after infusion of acetic acid
could have resulted in lowered cellulolytic bacteria activities in the rumen (Fujihara
et al, 2002a).
Total VFAs were not increased after ruminal infusions of acetic, propionic and
butyric acids as supply of exogenous VFAs are though to prevent ruminal production of these acids, which were relatively higher in the control sheep. Also total
plasma protein did not change with infusion of VFAs as values are within normal
range for sheep. The concentration of urea tended to decrease after ruminal infusion of VFAs. Generally, there is a close relationship between plasma urea and
ruminal ammonia concentration, so that in sheep infused with VFAs, the relative
low level of plasma urea would have been a reflection of the microbial degradation
of dietary protein in the rumen.
From the above results it is clear that ruminal infusion of VFAs, had no severe
effect on the eating and rumination behaviour and feed utilization in sheep. However, increasing of dietary CP clearly prolonged rumination appearance indicating
that the lag time after eating could be a response to chemo-receptors in the rumen
wall caused by chemical stimuli from changing dietary CP.
It is therefore concluded that the ruminal infusion of VFAs in the rumen, did not
have any effect on eating and rumination behaviour in sheep fed on hay diet, regardless changing dietary CP level.
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STRESZCZENIE
Wplyw infuzji kwasow octowego, propionowego i maslowego do zwacza na pobieranie paszy
i przezuwanie oraz wykorzystanie paszy przez owce zywione pasza^ obj^tosciowa^ z dodatkiem
mocznika
Przeprowadzono dwa doswiadczenia, w ktorych owce zywiono sianem przy ci^glej infuzji do
zwacza kwasu octowego, propionowego i maslowego, w ilosci odpowiadaja^cej 300, 300 i 150 kcal/
dzieh, odpowiednio. W doswiadczeniu I owce otrzymywaly tylko siano z tymotki, w II siano
z tymotki zawieraja^ce 6,6 i 9,1% bialka ogolnego (b.og.) w s.m. lub siano z zycicy wielokwiatowej
o 7,3% b. og. w s.m., badz siano z tymotki z dodatkiem mocznika (15,5% b. og. w s.m.). Doswiadczenie przeprowadzono na 4 owcach w ukladzie przemiennym.
Czas pobierania paszy w cia^gu dnia byl dluzszy przy infuzji kwasow octowego i propionowego
niz u zwierza^t kontrolnych; podawanie kwasu maslowego nie powodowalo zmian (doswiadczenie I).
Infuzja kwasu propionowego i zmiany w zawartosci bialka w dawce spowodowaly przedruzenie
czasu pobierania paszy w porownaniu z dawka^ kontrolnaj infuzja kwasu octowego nie powodowala
takich zmian (doswiadczenie II). Stwierdzono tendencJQ skrocenia czasu wystajnenia przezuwania
po infuzji kwasu octowego i propionowego w porownaniu z kontrola^. Przy infuzji kwasu octowego
otrzymano odwrotne wyniki (doswiadczenie I). Wraz ze wzrostem zawartosci bialka ogolnego
w dawce dluzszy byl czas pojawienia siQ przezuwania, czego nie powodowala infuzja kwasow
(doswiadczenie II). Stwierdzono tendencJQ do wydluzania siQ czasu przezuwania w ci^gu dnia po
infuzji kwasu maslowego, a skrocenia - po infuzji kwasu octowego (doswiadczenie I). Cyklicznosc
przezuwania miala tendencJQ do wydluzania po infuzji kwasu octowego w porownaniu z kontrolaj
nie stwierdzono takiej tendencji po infuzji kwasu propionowego i maslowego (doswiadczenie I).
Cyklicznosc przezuwania po infuzji kwasu octowego byla mniejsza, niezaleznie od poziomu bialka
w dawce, niz w grupie kontrolnej. Wplyw infuzji kwasu propionowego na cyklicznosc przezuwania
nie byl wyrazny u owiec otrzymuja^cych dawki o roznej zawartosci bialka ogolnego (doswiadczenie
II). Cyklicznosc przezuwania zmniejszala si$ wyraznie wraz ze zmniejszajq.c%siQ zawartoscia^ bialka
w dawkach, niezaleznie od infuzji kwasow.
Otrzymane wyniki pozwalaja^ na stwierdzenie, ze infuzja LKT do zwacza ma maly wplyw na
zachowanie si$ przy pobieraniu paszy i przezuwanie oraz wykorzystanie paszy przez owce, oraz
ze raczej chemiczne niz fizyczne stymulatory, takie jak zwiejcszenie zawartosci azotu w zwaczu,
mog3_ wplywac na chemoreceptory scian zwacza.

