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Figure 1. Halter pneumograph assembly for the
jaw motion apparatus.

Figure 2. Recording assembly for the jaw motion
apparatus.
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Figure3. Records of jaw movements made by sheep. The records were obtained with a pneumo-
graph-tambour apparatus. Records underscored with a wavy line denotes the characteristic
pattern of rumination and a straight line shows the irregular pattern of eating.
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of the radio telemetry system.
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Figure 10. Needle electrodes mounted on a cheek.
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ing, c¢)ruminating, d)faint rumination
and e) pseudo-rumination.
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Figure 13.
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a) Eating pelleted concentrate

| sec.

b) Eating cubed hay

| sec.

¢) Eating chopped hay

i sec.

d) Eating long hay

W
1sec.

e) Ruminating

e) during ruminating.

Record of number of bites by the event
recorder. Records underscored with a
wavy line denotes the period of rumina-
tion.

Record of jaw muscle potentials during
eating a) pelleted concentrate, b) cubed
hay, c¢) chopped hay and d) long hay and
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Pearce (1965)°*13&h A N K H N HHWHHIZ D
THRL, KDL I L F— %L b2 LERL

1.

Table 1. Chemical composition of Timothy hay
Mois. C.Prot. C.Fat NFE C.Fib C.Ash NDF ADF ADL
12.6 7.7 2.0 45.9 36.6 7.8 70.9 43.5 5.4
Percent of dry matter except moisture.
Table 2. Physical characteristics of Timothy hay
Finely Coarsely Chopped Chopped
ground ground at 9 mm at 30mm
Particle size distribution*
Coarse 4.76 - 1.8 17.9 46.7
2.38 - 10.7 37.9 35.4
Medium 1.19 1.4 30.1 34.7 13.8
0.59 45.9 29.6 8.4 3.1
Fine 0.30 29.7 12.2 1.1 1.0
0.15 18.8 9.6 - -
Pass 4.2 6.0 - -
Medulus of fineness 2.21 3.08 4.63 5.24
Meodulus of uniformity 0:5:5 1:6:3 6:4:0 8:2:0
Actual cutting length**
Above 5cm - - 10.4 6.1
4~5cm - - 6.3 6.2
3~4cm - - 10.3 32.0
2~3cm - - 15.1 28.9
1~2cm - - 28.1 14.8
Below 1lem - - 29.8 12.0

*

s

Percentage of dry matter.

Percentage of dry matter retained on sieves with these apertures(mm).
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Figure 14. Circadian distributions of rumination time. in 3-hr subperiods under conditions of twice
feeding a day (9am and 4pm).
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Figure 15, Circadian distributions of number of boli regurgitated, in 3-hr subperiods under conditions
of twice feeding a day (9am and 4pm).
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Table 3. Time spent ruminating and number of boli regurgitated per day

Time spent ruminating

Number of boli

Expt.  Feed  Sheep —go i gpve Ve Mean® SO+ cv
1 Chopped hay H-5 528.8 16.0 3.0 407.7 7.5 1.8
1 Chopped hay H-6 563.1 21.3 3.8 440.0 10.7 2.4
Coarsely . )
2 ground hay H-5 387.9 25.8 6.7 251.6 14.8 5.9
Finely .
2 ground hay H-6 275.4 31.6 11.5 227.1 25.3 11.1

*  Minutes per day.

*+* Standard deviation. Expt. 1, n=6; Expt. 2, n=7.

**+  Coefficient of variation(%).
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Table 4. Time spent eating,time spent ruminating and number of boli
regurgitated in sheep consuming varying amounts of hay
Observation Hay consumed per day(g)
400 500 600 800 1000 1200 1400 1492
Time spent eating per day{(min.) 36 58 62 72 125 135 155 143
'rzgg ﬁgﬁ?&ngfg““a“ng 303 423 482 528 579 630 633 594
T‘i%%;pﬁf\‘,f consttaed Bran 86.7 96.8 91.9 755 66.2 60.1 51.7 45.5
Time spent ruminating per )
100g NDF consumed (min.) 122.2  136.5 129.6 106.5 93.4 84.7 73.0  64.2
Number of boli regurgitated .
per day 337 453 525 569 634 689 692 655
N Bip eBurgitated 9.4 103.7 100.1 81.4 72.5 65.7 56.6 50.2
Number of boli regurgitated
per 100g NDF consumed 135.9  146.2 141.2 114.8 102.3 92.7 79.8 70.8
o . w5 T, TR L BN KE S
= g Dz EBLERbNS,
£ 4 R LI ). . 1Al =4
E BRI 35 & OF NDF #5352 ) ) 5 3 95 1)
S0 i B & UK 5 R (o] B AR UL A400 g
-E. 400 » Time spent ruminating ,4“): fJ‘ “’)500 g I:iﬁ.a- \: & ‘: ct ') y V"rﬂ. i) iﬁ L f: fJ“.
= )= - 5,197~ 100.390% - 4.003X° 3 2 fy L g e - 4
ambor ot i e | 2 BERIEREARKT B oA THD LR,
g ' e Welch and Smith™(3 NDF {8t % ) 0 K $38
= E
i T > M3 DR A AT iz >R THA L &

Hay consumed per day (10

Figure 16, Relationship between amount of hay
consumed, and time spent ruminating
and number of boli regurgitated per day.
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Figure 17. Time spent ruminating during normal feeding, fasting and subsequent refeeding. The

arrows indicate the time of feeding.
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Table 5. Chemical composition of wilted silage
Mois. C.Prot. C.Fat NFE CFib. C.Ash NDF ADF ADL
61.5 10.8 3.3 44.6 33.9 7.4 65.8 31.4 2.6

Percentage of dry matter except moisture.

Table 6. Time spent ruminating and number of boli regurgitated per day in
normal, fasted and refed sheep
Sheep  Days oS ruminatng. N R et
H-10 1 Normal 531 529 1.00
2 Fasted 311 375 0.83
3 Fasted 103 149 0.69
4 Fasted 77 131 0.59
5 Refed 548 598 0.92
H-11 1 Normal 453 461 0.98
2 Fasted 294 326 0.90
3 Fasted 107 127 0.84
4 Fasted 43 59 0.73
5 Refed 448 489 0.92
H-12 1 Normal 523 508 1.03
2 Fasted 253 345 0.73
3 Fasted 59 77 0.77
4 Fasted 23 31 0.74
5 Refed 609 696 0.88

*  Minutes.
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Table 7. Time spent eating and ruminating and number of boli regurgitated with sheep
consumed varying particle size hay
. Finely Coarsely Chopped Chopped Individual
Observation ground ground at 9 mm at 30mm difference
Modulus of fineness 2.21 3.08 4.63 5.24
Modulus of uniformity 0:5:5 1:6:3 6:4:0 8:2:0
Time spent eating per day (min.) 178.0 147.3 143.3 173.3 .
Time spent ruminating per 322.0° 420.5° b 514.3°
day (min.) (137.1)  ( 58.0) 510.5
Number of boli regurgitated 206.8° 360.820 b b
per day { 86.0) ( 49.0) 481.5 474.8
Number of rumination period 15.3 17.0 19.5 18.5
Time spent ruminating per
period (min.) 21.0 24.7 26.2 27.8
Number of boli regurgitated
per period 13.5 21.2 24.7 25.7
Time spent ruminating per a b b b
bolus (man) 1.56 1.17 1.06 1.08 e

( ) Faint rumination.

a, b Values having different superscripts are significantly different (p<.05).
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Table 8. Physical characteristics of cubed and wafered hay used in
Experiment 1 and 2
Feed Particle size distribution® Modulus of
4.76 2.40 1.20 0.60 0.30 0.15 Pass Finess  Uniformity
Cubed, Expt. 1 - 4.2 39.2 37.9 11.8 6.0 0.9 3.21 0:8:2
Wafered, Expt. 1 5.3 14.2 20.6 31.2 19.2 8.2 1.3 3.25 2.5:3
Cubed, Expt. 2 0.4 8.5 33.3 39.4 12.7 5.1 0.6 3.27 1:7:2

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

Table 9. Chemical composition of the hay diet used in Experiment 1
Diet Mois. CProt.  CFat NFE  CFib. C.Ash NDF ADF ADL
Baled hay 16.2 15.0 4.2 42.6 29,2 9.0 64.1 40.1 5.8
Wafered hay 11.9 15.6 5.2 42.4 27.1 9.7 61.3 37.9 6.5
Cubed hay 12.3 15.3 4.6 44.3 26.0 9.8 60.9 38.2 6.7
Percent of dry matter except moisture.
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Table 10. Chemical composition and nutrient contents of the diets

used in Experiment 2

Diet Mois. OM. C.Prot. NDF ADF ADL DCP TDN
Concentrate 11.1 89.9 14.1 - - - 10.5 75.5
Cubed hay 11.8 87.5 15.0 53.2 32.1 5.2 8.0 62.6
Baled hay 18.2 91.7 15.3 58.1 35.2 3.7 10.4 69.1

Percentage of dry matter except moisture.

Table 11. Intake®of concentrate, cubed hay

and baled hay in Experiment 2

Feeding treatment®*

Diet 160: 0 75:25 50 50
Concentrate 6.1 5.6 5.5
Cubed hay 13.0 9.3 6.2
Baled hay - 2.8 5.6

« Dry matter (kg).
«s TDN from cubed hay : TDN from baled hay.
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Table 12. Time spent eating and ruminating, number of chews during eating and
ruminating and numder of boli regurgitated in sheep consumed baled,
wafered and cubed hay per 12 hours

23

Observation Baled hay Wafered hay Cubed hay
Time spent eating {min.) 110* 510 32b
Number of chews during eating b
(100 chews) 89° 31 20
Time spent ruminating (min.} 185 149 113
Number of chews during
ruminating (100 chews) 107 101 68
Number of boli regurgitated 207 154 113
Number of rumination period 8.7 8.6 8.1
Time spent ruminating per
period (min. ) * 21.3 17.3 14.0
Number of chews per period
(100 chews) 12.3 1.7 8.4
Number of boli per period 24 18 14
Time spent ruminating per
bolus {min. ) 0.89 0.97 1.60
Number of chews per bolus 51.7 65.6 60.2
Rate of chewing during 57.8 67.8 60.2

ruminating{chews per min.)

a.b Values having different superscripts are significantly different (P < .05).

Table 13. Time spent eating and ruminating, number of chews during eating
and ruminating and number of holi regurgitated in cows consumed
cubed hay and baled hay in various ratios

per 24 hours

per kg hay(DM)consumed per kg DM consumed

Observation

10010° 75:25° 50:50° 100:0° 75.25° 50:50° 100:0° 75:25° 50:50°
Time spent eating(min)  105° 126 166 8.1° 10.4% 14.1> 55 7.1 9.6
by hews during g5 94 11 5.0 7.8 9.4 34 53 6.4
(mejspent ruminaling  gopn  gg® 30t 1540 2350 3345 10.50 16.0° 22.8°
i‘ﬁﬁg{in‘g(fgg‘gﬁe‘&‘gng 125 176" 2465 9.6 14.5° 20.8° 6.5° 9.9° 14.2
If;‘g'ﬂ},’ge{ta‘;idbdi 198" 275° 378 15.2* 22.7° 32.0° 10.4* 15.5° 21.8°
I{;’;ﬂ‘;’gf’ of rumination 9.3 14.06 15.06 0.7 1.28 1.3 0.5 0.8 0.0

. TDN from cubed hay: TDN from baled hay.

a,b,c Values having different superscripts are significantly different (p<.05).

A,B,C Values having different superscripts are significantly different (p<.01).
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Table 14. Chemical composition of the hay
used for studying the fibrousness

of hay
Hay Species C.prot. CFat NDF ADF ADL
A Timothy 6.8 2.1 70.8 44.1 5.5
B Orchardgrass 14.2 3.1 66.2 33.0 3.7
C Timothy 12.7 2.6 57.7 40.8 4.9
D Timothy 7.3 2.2 68.2 45.2 6.3
E Orchardgrass 16.1 4.0 68.1 35.5 3.6
F Timothy 5.2 1.7 70.8 47.2 8.2

Percentage of dry matter.

Table 15. Accumulative amounts of ground
hay during grinding the 20-g hay

samples in the Wiley mill

(5 replicates)

Grinding time(min.)

Hay 1 2 3 5 8 15
(g)
A 9.9 13.3 15.1 16.7 17.4 18.3
B 1.2 14.8 16.2 17.3 17.9 18.5
C 9.4 13.3 15.2 16.7 17.5 18.3
D 6.7 10.3 12.4 15.3 17.0 18.1
E 9.1 13.1 15.5 16.7 17.4 18.0
F 6.2 9.4 11.5 14.7 16.7 18.0
CV max* 6.2 53 4.6 3.7 4.4 5.0

. Maximum value of coefficient of variations in
the same column.

Table 16. Accumulative percentage of grin-
ding with the elapsing of grinding

time(5 replicates)

Grinding time (min.)

Hay 1 2 3 5 8 It
(%)
A 54.1 72.7 82.5 91.3 95.1 100
B 60.5 80.0 87.6 93.5 96.8 100
C 51.4 72.7 83.1 91.3 95.6 100
D 37.0 56.9 68.5 84.5 93.9 100
E 50.6 72.8 86.1 92.8 96.7 100
F 34.4 52.2 63.9 81.7 92.3 100
CV max* 4.3 3.2 3.3 1.2 0.8 -

. Maximum value of coefficient of vanations in
the same column.
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Figure 18. Grinding curves of hay B and hay F.
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Figure 19. Changes in NDF and ADF contents of
the ground hay with elapsing of grind-
Ing time.
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Table 17. Analysis of variance about amount of hay ground and percentage
of grinding at the several time of grinding
Lo Mean squares F
Grtlggéng Between Between
(min.) Between hay replications Error Between hay replications
(5)* (5)* (20)*
Amount of hay ground
1 17.38 0.192 0.105 165.52* 1.83
2 21.89 0.276 0.146 149.93** 1.89
3 18.03 0.275 0.168 107.32** 1.64
5 5.13 0.225 0.207 24.78"" 1.09
8 0.88 0.173 0.179 4.92** 0.97
percenrage of grinding
1 482.5 3.351 2.261 213.40%* 1.48
2 603.3 3.815 2.325 259.48°° 1.64
3 494.5 3.615 2.580 191.67°* 1.40
5 120.9 0.230 0.987 122.49** 0.23
8 12.6 0.028 0.494 25.51°** 0.06

« Degree of freedom.
«» Significant on a probability of 0.01,

Table 18. Electrical energy required for
grinding the 5-g hay samples in
the Wiley mill and analysis of
variance about the energy
(5 replicates)

Electrical power (Wh)
Hay A B C D E F
44.4 46.4 35.3 35.3 31.9 23.1
Analysis of variance
Source d.f. Mean squares F
Between hays 5 361.5 1.581
Between replications 4 275.8 1.206
Error 20 228.6
N, RITEETEAI1L 3 HELRBITEHOR
EXITH, 1H1EENY) 2 HMOREMNE %

72 BEEDCEMRIZEINZ, 290, 30M7%
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Table 19. Dry matter intake, time spent ruminating and number of boli regurgitated in

sheep consumed Hay A to Hay F

Time spent ruminating

Number of boli

Hay i)netral::ly (min.) regurgitated
per 100g DM per 1060g DM
(8) per day consumed per day consumed

A 1135.4 518 45.6 596 52.5
B 1349.6 546 40.5 699 51.8
C 1200.1 482 40.2 555 46.2
D 1050.8 579 55.1 654 62.2
E 1210.1 391 32.3 446 36.9
F 951.2 524 55.1 603 63.4

Table 20. Simple correlations between fibrousness of hay and amount of rumination

Time spent ruminating

Numder of boli

Index of fibrousness (min.) regurgitated
n
per 100g DM per 100g DM
per day consumed per day consurmed
Chermical fractions .
Crude protein —0.62 —0.91 —0.39 —0.85*
NDF 0.17 0.39 0.11 0.39
ADF 0.42 0.83* 0.12 0.71
ADL 0.48 0.89° 0.25 0.83*
Rate of Qf:rinc_ling
% of grinding at -0.35 —-0.83" -0.10 -0.73
2 minutes
% of grinding at _ _ _ _ .
3 minutes 0.49 0.91° 0.25 0.83
% of grinding at _ _ . _ _ .
5 minutes 0.45 0.89 0.22 0.81

« Significant on a probability of 0.05,
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Table 21. Distribution of actual cutting

length of the corn silage

Set cutting Distribution(25)*
length 0~10 10~20 20~30 30~
4.8mm 83.6 7.9 4.1 4.4
9.5mm 82.8 12.6 2.1 2.5
15.9mm 46.3 31.9 10.1 11.7

« Percentage of air dried sample having a length
within these range(mm).
Table 22. Chemical composition of the
corn silage

Seﬁzgg&i“g Mois. CProt. C.Fat NFE C.Fib. C.Ash

4.8mm 26.3 9.3 3.9 59.5 20.6 6.7
9.5mm 26.4 8.9 3.6 62.8 19.1 5.6
15.9mm 26.3 9.0 3.7 61.2 19.9 6.2

Percentage of the dry matter except moisture.
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Table 23, Time spent eating and ruminating and number of boli regurgitated per day
in cows consumed corn silage of varying cutting length

Observation Set cutting length Individual
4.8mm 9.5mm 15.9mm difference

Time spent eating(min.) 91.5 68.0 83.0
Time spent ruminating (min.) 459° 5093 576"
Number of boli 427" 48820 546 .
Number of rumination period 14.3 15.8 17.8
Time spent ruminating per 32.1 32.2 32.4 .e
period (min.) )
Number of boli per period 29.9 30.9 30.7 ..
Rumination time per bolus 1.07 1.04 1.05 .

a, b Values having different superscripts are significantly different.
»: s Oignificant on a probadility of 0.05 and 0.01 respectively.
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Table 24. Chemical composition of the grass silage used in Experiment 1 and 2

for studying the effect of {reezing

Silage Mois. C. Prot. CFaa NTFE CFib CAsh NDF ADF ADL
Expt. 1 813 10.8 36 123 347 8.6 66.0 43.7 48
Expt. 2 78.1 11.8 5.1 413 327 9.1 64.7 413 4.3

Percentage of dry matter excepl moisture.

Table 25. Time spent eating and ruminating and number of boli regurgitated

per day in sheep consumed grass silage of varying temperature

Temperature{°C)

Observation Ordinary Low Frozen Defrozen iﬂ?;::gxgi
(11~ 15) {2~3) (=16~-12) (10~14)

Time spent eating (min. ) 270° 271ab 307b 259x

Time spent ruminating (min. ) 506° 504 ab 493 ab 413b .
Number of boli regurgitated 632 632 610 512

Number of rumination period 135 14.0 153 15.8
ll;':}g;?;’};";’"“"“““g per 375 36.0 322 26.1 .
Number of boli per period 46.8 45.1 39.9 324
Rumination time per bolus (min. ) 0.80 0.80 0.81 0.81 .
a. b Values having different superscripts are significantly different ( P <. 05).

»  Significant on a probability of 0.05.
Table 26. Time spent eating and ruminating and number of boli regurgitated
per day in cows consumed grass silage of varying temperature
Temperature (*C) -
Observation Low lFrozen Defrozen :1[:?;:1!2::2:3
{(—=1~3) (—22---5) (7~14)

Time spent eating (min. ) 774 170% 71a

Time spent ruminating (min. ) 479 444 441

Number of boli regurgitated 501 473 450 *
Number of rumination peried 16.3 14.7 15.0 *
Time spent ruminating per period{min, ) 29.4 30.2 20.4

Number of boli per period 307 32.2 306 .
Time spent ruminating per bolus{min. } 0.96 0.94 0.96

a, b Values having different superscripts are significantly different (P<.05).

+ Significant on a probability of 0.05.

Table 27, Chemical composition of the wilted grass silage

Mois. C. Prot. C.Fat NFE C.Fib. C. Ash

NDF

ADF ADL

62.3 9.9 32 429 352

8.8

67.1

44.2

4.9

Percentage of dry matter except moisture,
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Table 28, Time spent eating and ruminating and number of boli regurgitated per day in
sheep consumed grass silage of varying moisture and temperature

High moisture silage

Wilted silage

; - Individual

" Observation Qgnary_Frozen - Odinary _Frowen . difference
Time spent eating (min. ) 83 143 93 95
Time spent ruminating (min. ) 528 550 493 516
Number of boli regurgitated 564 615 513 552 »
Number of rumination period 17.7 20.7 17.0 143
’I‘ime spent ruminating per 298 %6 290 36.1
period (min. )
Number of boli per period 31.9 297 30.2 38.6 .
g‘ime spent ruminating per 0.94 0.89 0.96 0.93 .

olus{min. )

Significant on a probability of 0.05.
( ) Temperature, °C.
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