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Table 29. Chemical composition of the hay used for studying the effect of
rumination on particle size of rumen contents

Mois. C. Prot. C.Fat NFE C. Fib. C. Ash NDF ADF ADL
83 81 23 48.0 336 8.0 67.4 36.8 42
Percentage of dry matter except moisture.
Table 30. Particle size distribution of the chopped hay and rumen digesta of the hay
at 6, 12 and 24 hours after administration through fistula
Particle size distribution* Modulus of
4.76 2.40 1.20 0.60 0.30 0.15  Pass IYineness  Uniformity
Chopped hay used 47.6 36.2 127 32 0.3 - - 528 8:2:0
Digesta in the rumen
6 hr 32.7 275 17.1 13.2 6.0 30 0.5 457 6:3:1
] st day 12 hr 29.6 28.0 169 14.0 74 4.1 - 4.46 6:3:1
24 hr 22.2 22.3 19.8 19.7 83 58 1.9 4.05 1:4:2
6 hr 49.3 287 11.2 6.1 2.9 1.8 - 5.10 8:2:0
2ndday 12 hr 29.8 323 175 14.4 53 0.7 - 4.65 6:3:1
24 hr 31.1 312 17.3 136 4.4 24 - 4.64 6:3:1
Contents of the nylon bag
6 hr 18.8 321 15.1 238 1.2 - - 525 8:2:0
1 st day 12 hr 40.1 36.6 188 36 0.9 - - 5.11 8:2:0
24 hr 65.8 274 142 33 1.2 - - 6.01 9:1:0
6 hr 51.1 353 108 20 0.8 - - 5.34 9:1:0
2ndday 12 hr 46.9 375 12.1 29 06 - - 527 8:2:0
24 hr 45.8 353 14.8 37 0.4 - - 522 8:2:0

« Percentage of dry matter retained on sieves with these apertures (mm),
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Table 31. Dry matter content of the rumen at 6,
12 and 24 hours after administration
through fistula

Time after administration
through fistula

Ohr  6hr 12hr 24hr
Rumen content (g)
1 st day 1834 1813 1651 1006
2 nd day 1834 1755 1515 1084
Nylon bag content (g)
1 st day 288 287 290 287
2 nd day 288 289 287 286
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Table 32. Time spent ruminating, number of boli regurgitated and number of rumination
period in a cow administered chopped hay through fistula

1st day 2 nd day
0~6* 6~12 12~24 Total 0~6 6~12 12-24 Total
Time spent ruminating (min.) 97 89 143 329 7 161 176 344
Number of boli regurgitated 177 137 201 515 9 247 216 472
Number of rumination period 6 2 5 13 1 3 q 8
+ Time after administration (hour).
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Figure 20. Changes in dry matter content of the
rumen and its particle size composition
after administration through fistula.
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Table 33. Particle size distributions of digesta in the rumen, reticulum, omasum,
abomasum and large intestine of steer
Particle size distribution® Modulus of
4.76 240 1.20 0.60 0.30 0.15 Pass Fineness  Uniformity
Rumen 23 16.2 234 320 17.1 82 08 3.26 2:5:3
Reticulum 1.2 125 209 3.2 175 9.8 29 3.04 1:6:3
Omasum - 06 16.7 415 233 11.6 33 2.56 0:6:4
Abomasum - 1.1 132 453 20.6 16.0 38 251 0:6:4
Large intestine - 0.9 106 44.3 259 14.7 36 246 0:6:4

+  Percentage of dry malter retained on sieves with these apertures (mm).

Table 34. Chemical composition of the hay used for studying the effect of fineness of
grinding on rate of digestion by the nylon bag technique

Mois. C. Prot. C.Fat NFE C. Fib. C. Ash NDF ADF ADL
12.2 7.8 2.1 46.9 345 87 71.4 386 5.1
Percentage of dry matler except moisture.
Table 35. Particle size distribution of the ground hay used for studying the effect of
fineness of grinding on rate of digestion by the nylon bag technique
Particle size distribution® Modulus of
4.76 2.40 1.20 0.60 0.30 0.15 Pass Fineness  Uniformity
Ground through _ _ _ _ ) y - -0
a 0.5 mm sieve 10.1 15.3 14.6 1.26 0:0:10
Ground through _ _ _ A0S . -
a 1.0 mm sieve 10.5 36,9 16.9 5.7 2.12 0:4:6
Ground through - - 16 574 263 110 37 2.42 0:6: 4

a 2.0 mm sleve

« Percentage of dry matter retained on sieves with these apertures (mm).
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Figure 21. Effect of fineness of grinding on the rate
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Figure 22. Effect of fineness of grinding on rate of NDF digestion in the nylon bag suspended in the
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Table 36. Chemical composition of the hay used for studying the buffering

capacity of rumen contents

43

Mois. C.Prot. C.Fat NFE Cfib. C Ash NDF ADF ADL
Baled hay 15.1 122 43 45.0 305 8.0 63.1 39.8 45
Cubed hay 119 14.2 53 46.1 252 9.2 60.8 38.2 5.2
Percentage of dry matter except moisture.
Table 37. Particle size distribution of the cubed hay used for studying the
buffering capacity of rumen contents
Particle size distribution® Modulus of
4.76 2.40 120 0.60 0.30 0.15 Pass Fineness Uniformity
- 56 36.5 37.8 122 6.7 1.2 319 1:7:2

+ Percentage of dry matter retained on sieves with these apertures (mm).

Table 38. Chemical composition of the barley

Mois. C.Prot. CFat NFE CFib. C.Ash

12.9 12.6 2.4 773 4.7 3.0

Percentage of dry matter except moisture.
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Table 39. Chemical composition of the hay used for studying the rate of
passage of digesta through the digestive tract (Expt. 1)

Mois. C. Prot. C.Fal NFE C. Fib. C. Ash NDF ADF ADL
114 88 37 50.1 312 6.2 68.5 46.1 68
Percentage of dry matter except moisture.
Table 40. Mean retention time and digestibilities of ground and chopped
hay (Expt. 2)
Finely Coarsely Chopped Chopped
ground ground at 9 mm at 30mm
Mean retention time (hours) 5084 5244 73.3B 6758
Digestibility (% )
Dry matter 51.2 52.9 58.4 585
Crude protoin 46.6 523 56.8 55.8
Crude fat 60.7 58.0 63.7 63.8
NDF 58.6 62.2 66.6 65.2

A, B Values having different superscripts are significantly different (P<.01).
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EOTREL 7255 BHBORN L 22 883 4
L 72 88 o TR A I RIS e, T
KE RS LTS 51T 2 — W BFRSD DR &
—8F 5, LTI BRI O 2 Fs BB
BREMOEERRTLLNEELLNT VDY,

B 2 TR WEL 72, WL 2&HD
BN EEE51 ~53% Th » 2L, ML
RGN R NIIESRILIE TH » 72, HBEHON
(LI B B 4 2 T47% , HLARER 8528 T52%, V) L
Jr I TI356%IRIETH - 72, MUK M b2
MG ERE, WTFNRL0%E TH12,

NDF o 1L 3 8 i R A IR THI59%, KT
HUBFREER, 30mm R EKE, BRI &L 12D
(X 9mm B Th -7z, ERIFDOHLERHLE
PSR 2213 EE X 3P H B &
ITH 12, BRIWTRLATETCR er o1,

BHESBRT I EI2LD, HEE»ETT S
SERECHLENT B L, i
Ak ML E DBIEIC D v T it Wilkins &84 #¢
MF3.0LLF o #p i 8 2 v T MF & #4iH
L e AEBOTRENRCH L LB TR
EThd, ARBTIRIMF220HBEED 5
MF5.2030mm 3 THL S AL LHEVWA LY
WAEHERHTHRIFLE, 2O, 9mm
4i(MF4.6) & 30mmiz&i(MF5. 2 O #BGoilii
DEATIFEIZ N E D = 12, MF3 IO HIEH R EZ I Tl
HIERIZETT 29 Th-712, MF &il{bg s
O WF 13 Wilkins®® o845 L 72§k i MF3.0LLF
i3, MF i T4 2o o THILEEH BARRY
IZETF ¥ 2%, MF3.2EE £ 80 L TR R
&, MF4 6Ll I MF o33 L A &7 %
Wwintlbhb,

WA BMILT B i 2N THbERNIKTT 50
ICET PR R BRI, RRC B Y R R il Ao



R B4TH & & bR ERCMT 5 0% 49

Table 41. Voluntary dry matter intake, dry matter
digestibility and ND F digestibility of
hay used

Table 42, Correlations obtained between the rate
of grinding and digestibility of dry
matter and NDF

Hay Voluntary dry Digestibility (% ) R_ate.of Vo]untqry dry Digestibility (% )

matter intake* Dry matter NDF grinding matter intake® Drymatter N D F

A 45.6 60.5 65.3 9% of grinding at

B 542 678 73.7 2 minutes 0.95°* 0.86* 0.83*

C 48.2 64.1 66.8 3 minutes 0.93** 0.88* 0.87*

D 422 60.9 64.5 5 minutes 0.94** 0.88* 0.87*

E 48.6 66.5 74.8 + g/W B

F 382 550 58.0 + Significant on a probability of 0.05.

. gW «« Significant on a probability of 0.01.
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Interval of rumen contraction in sheep during eating,

Resting
Eating Ruminating Withim 30 Tonutes -
after meal The others
Cubed hay 204(14~301) 155(30~65) 379(19~ 17) P
Baed hay 254(16~33) 37(27~53) 31ab(18~51) 455(31 ~74)

Median value for interval of contraction, seconds.

( ) Range

n=~60.

a, b Values having different superscnpts are significantly different (P< 035).
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Figure 38. A schematic diagram showing the ele-
ctrode tubing used for measuring rumen
pH value.

Table 44. Fecding treatments used in the experiment
Daily food intake* Physical form
Treatment of the Feeding
As fed Dry matter hay diet
A 1025 870 Baled Once daily
B 990 872 Cubed Once daily
C 1530 1300 Baled Twice daily
D 1480 1304 Cubed Twice daily

« g per day

Table 45.

Time spent ruminating and number of boli regurgitated

per day
Time spent for Number of boli .
Treatment rumination regurgitated T:;;EEC!LZ{]
reatmen b
. , min/kgDM - , boli/kgDM -
min/day consumed boli/day consumed periods
A 461 530 547 629 33
B 189 217 168 193 18
C 407 313 495 381 21
D 348 267 351 269 27
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Table 46.
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Effect of physical form of hay on the mean pH value in the ruinen

Treatment Mean* with S. D.

Range of pH values

Maximum Minimum
A 6.402 £ 0.16 6.76 6.01
B 6.05b +£0.35 6.64 5.42
C 6.542 £0.13 6.79 6.10
D 6.04b +0.15 6.43 5.76

»  Mean figure has been calculated by integrating the values obtained every 15 minutes.
a, b Values having different superscripts are significantly different (P <. 01).
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Table 47.
and rumen pH value

B30

Sign test adopted to test correlation between the number of baoli

A 46 19 325 1 11.2 <. 001 0.59
B 31 6 185 1 16.9 <. 001 0.86
C 44 16 30.0 1 13.1 <. 001 0.68
D 39 16 275 1 96 <. 001 0.60

« Correlation coefficients obtamed using square root paper
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Figure 39. Diurnal variation in the rumen pl value and distribution of rumination.
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Figure 40. Typical pH value recording in the rum-
en of sheep. The marked lines indicate
the periods of rumination (Treatment
0.
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Table 48. Chemical composition and energy content of silage used

% of fresh silage % of dry matter kcal/gDM
Moisture VIFA C.Prot. C.Fat NFE C.Fib. C.Ash Gross energy
81.2 1.2 11.9 37 371 389 84 4.56

Table 49. Calculated heat of warming*

Silage Heat of warming (kcal/1.5 kg silage)
temperature Below the Heat of Above the Total
() freezing point fusion freezing point ota
10 - - 39.0 39.0
3 - - 440 44.0
—10 34 76.8 49.8 130.0

+ Heat of warming is given the symbol Hw (Blaxter).
+ When calculating Hw, specific heat and heat of fusion were assumed as follows : specific heat ; ice : 49X 1072
cal/g-deg, water: 1 cal/g-deg, silage (DM) : 30X 10-2 cal/g-deg and heat of fusion ; 80 cal/g-ice.
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Figure 41. A schematic diagram showing the rum- 0.5p
en and rectal probe used for measuring
intraruminal and rectal temperature.
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Figure 43. Changes in the intraruminal tempera-
ture following eating 1.5kg silage at
various temperature.
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Figure 44. Changes of the ammonia nitrogen con-
centration in the rumen liquor following
eating 1.5kg silage at various tempera-
ture.
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Figure 47. Changes of the rectal temperature
following eating 1.5kg silage at
various temperature.

120} — 10T silage
x-x  3C silage
110 o, 6--0—10°C silage
[N
[
100 [N
PN
;’ N Heart rate
90t )
!
]
80 1
]
!
TOb 1¥3
[}
6OF
L 'l I 2 1 : " N N
1 O 1 2 3 q 5 6 7
50
WOF
30 g
5’"6/ *® Oum QN;;—:___ o]
2[] ROV .
—e 0T silage
op % 3C silage
o-=0 — 10T silage

o0 1 2 3 4 5 6 7
Hours before and afier feeding

Figure 48. Changes of heart rate and respiration
rate following eating 1.5kg silage at var-
lous temperature.
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Studies on the Ruminating Behavior and the Digestive
Physiological Significance of Rumination

by
Masahiroc OKAMOTO

Summary

“Rumination”, or cud chewing, is one of the features most characteristic of ruminant animals. A
number of factors influencing rumination and the significance of rumination to the animal remain
unelucidated due to the lack of scientific evidence. The delay in the physiology of rumination may be
partly attributed to the insufficient technique of measuring ruminating behavior.

The purpose of these studies is to develop a technique for measuring and recording ruminating
behavior and to clarify the influence of feeding conditions and physical and chemical characteristics of
feeds on ruminating behavior. Further purpose is to investigate the digestive physiological signifi-
cance of rumination to the ruminant animals.

1. Continuous recording techniques suited to measurement of ruminating behavior

Visual observation has been used in the past to study ruminating behavior. The main limitations
of visual observation are : a) lack of objectivity, b) lack of recall, and c) long time required to make
sufficient observations.

It was therefore decided to develop a continuous recording technique for measuring ruminating
behavior. In order to record ruminating behavior continuously under conditions of the least restraint
and stress, a pneumograph-tambour method and a radio bio-telemetry system were designed and
applied.

Both recording methods were found suitable for measuring ruminating behavior. Chewing during
rumination at regular intervals by short pauses, is readily distinguished from irregular chewing during
eating. The radio bio-telemetry system has an advantage of being able to record both faint rumina-
tion and pseudo rumination that are difficult to record by other methods, if not impossible.

2. Influence of feeding conditions on ruminating behavior

Circadian distribution of rumination activities and daily amounts of rumination of housed sheep fed
twice daily were studied. Effects of dietary changes such as the varying amounts of hay intake and
fasting on rumination activity were also investigated.

Active time of day in rumination altered considerably day by day, but variation in the amount of
rumination per day as expressed by the time spent ruminating and the number of boli regurgitated was
relatively small.

Increase in the amounts of hay feeding produced a curvilinear increase in the ruminating time and
number of boli regurgitated, with a maximum around 600 minutes per day and about 680 boli per day,
respectively. Fasting produced a rapid decline in normal rumination activity : normal rumination was
partially replaced with faint rumination or pseudo rumination. Fasting for less than 3 days did not
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result in an entire cessation of rumination. Normal rumination levels was resumed within 24 hours of
refeeding.

3. Influence of physical and chemical characteristics of feeds on ruminating behavior

When ground hay was fed, the amount of rumination markedly decreased but faint rumination or
pseudo rumination appeared. Feeding of cubed hay resulted in some reduction of rumination activity
but neither faint rumination nor pseudo rumination was observed. Rumination activity was little
affected by feeding chopped hay.

We have developed a method of defining in terms of the rate of grinding by Wiley mill. Signifi-
cant negative correlation was observed between rate of grinding in the first 2 minutes and the amount
of rumination per 100 g dry matter consumed. The results indicate that the amount of rumination per
unit dry matter consumption increases with increasing fibrousness and coarseness of liay.

Rumination activity is also affected by physical characteristics of silage. The amount of rumina-
tion decreased with decreasing cut length of silage offered. The amount of rumination also diminished
by feeding high moisture silage that had been frozen and then defrozen. It is likely that the reduction
of rumination activity by-feeding defrozen silage is due to partial destruction of silage cell wall.

4. Digestive-physiological significance of rumination

In order to investigate the role of rumination in reducing particle size of fibrous material, changes
in amount and in particle size distribution of hay administered through rumen fistula and rumination
activities were followed simultaneously. The amounts of disappearance and reduction of particle size
of hay were high during the animal ruminated actively. These results indicates that rumination plays
an important role in reducing particle size of fibrous feed sufficiently to allow for its passage from the
rumen.

Particle size distribution of contents in rumen, reticulum, omasum, abomasum and large intestine
of steers were measured. Particle size of reticulo-rumen contents was larger than that of the lower
gut. A large proportion of digesta in the lower gut passed through a sieve with 1.2 mm aperture.

The artificial reduction of particle size of hay resulted in increased excretion rates of indigestible
residues and in shortened retention times. These results suggest that the reduction of particle size
facilitates the flow of digesta to the lower gut and increases the rate of passage of feed residues.

Digestion rate of hay in a hylon bag suspended in rumen tended to increase with decreasing
particle size of the hay. Ruminal VF A concentration, pH value and buffering capacity changed rapidly
after meal if ground hay was administered, whereas these values changed only slowly to small extents
if long hay was fed. Namely, decrease in the particle size of hay accelerates rumen fermentation.

Chewing behavior is a measure of the frequency of rumen contraction the animal. The frequency
decreased in the following order during eating, during 30 minute rest after meals, during ruminating
and during other resting. Thus, eating and ruminating play some role in stirring rumen contents.

In addition to the pH change in rumen associated with feeding, a short-term changes in rumen pH
value was found and related with rumination. Highly significant mutual relationship between number
of boli regurgitated every 15 minutes and the short-term changes in rumen pH values was observed.
The alteration in rumen pH value before and after rumination period appears to reflect the changes in
the rate of saliva secretions.

Compared to feeding of unfrozen silage and wilted silage, feeding of frozen, high moisture silage
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decreased the rate of eating, and depressed the ruminal and rectal temperatures. However, no sig-
nificant effect on rumen fermentation was observed.

It is concluded from the results obtained and summarized -above that rumination plays an impor-
tant role in reducing particle size of reticulo-rumen contents sufficiently to allow for its passage from
the rumen and to make room for more ingesting roughage. Furthermore, rumination plays a part in
the maintenance of favorable intraruminal environment for rumen fermentation through stirring, buff-
ering and controliing pH value.





