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Oa: organic a fraction in OCW, & T/ ikt

Ob: organic b fraction in OCW, {E&TH /b Hfikie

NDF: neutral detergent fiber, {45 % —> = > Mik#k
ADF: acid detergent fiber, fg1ET % — =L Mk
ADL: acid detergent lignin, itk 5 % — = N F =

0000000000000000000000 (Nakuietal.,, 1988 0000000
CP(Crude Proteir, 000 00)0000000000O0O0O00OO0OOOOOOOOOO
goobboooobbboooobobbooobbbooob bbb bbooo
O00O0OTDNOOODOOO00OO0OO00O0000000000o0o0oog (Ishida, 2001y
000000SAS(SAS Institute Japan 1998)0 0 0 0 0 0000000000 0OOOO
oo bbbbbbbbbbbUoooUUUyUUU g
ggobobooooobooooooo



76

040 0O00O0OODOOOOOODOODOODODOOOODODO

43 0O0O0O0O0OO0

431 0O0O0OOO

goboboooobbboooobbooooboboboooobobooooboobooon
gobobdoodoobbuoooobbuoooobbbooobbbooobbbooobo
gobbooodooobuoooobbuoooobobboooobbboooobLbboooobo
00000000030 0000000000000000000O000OOO0OO0O0
goood

043000000

000000000000 M d400000000000000000000O0OO00OO
gobboodooobuoooobobuooooboboooobbbooobbboooono
000000 4mmO 2mmO00000000000O0O000ROO0O00O0O0O0O0OO0
gooboood

0000000000 0.1kNOD 2kNOODDOOO00DOODOOOOO0O0OOOOOOO
0.2kNO 93%0000000000000000000U00D0DODU0D000OOOn”
000 0.2kNOOODOOOO0OO0Ooooooooo2kND0oooooooooooooo



43 000000

1

100+

T
;‘*’%‘- 41.0 .
2 ¢« |z
{08 =
. 2
Ay
20 10.6 &
B W
¢ L ® sumn |0

75 +—— : —— — 0.2
0.1 1

7 — 7 [R5 71 [kN]

04400000000000000000000-000000 02msO00O0d
00000 10%0

0000000000000000 0.2kNODOOODOOOOOoooooo
0000000000000 0000000000000000000000 4200
0000000000000000Q@30000000000000000000O0O00
00000000000 81%0000000bDoO00ooooooDooOoon 9%%ood
goobboooobbtboooobbbdooobobbooooboboooobbboooo
ggoboboooobbboooobobbooobobboooobobuoooobbooon
ggoboboooobobbooooboobboooobboboooooboooobbooon
goobobboooobobbuooooboboo
0000000000000000000000@d3000000000000000
ggoboboooobobbooooboobboooobboboooooboooobbooon
goobboooobbtbooobobboooobbboooobboooubbbooon



78 040 0O00O0OODOOOOOODOODOODODOOOODODO

QLB FURK AL B

04500000000000000O0000DO0O00DOO

goboboodooobuoooobobuoooobobboooobbboooobbboooono
gooo
00000000000 @Bo0ooo0ooo00o0o0ooooooooooon
00000000 @o00000

D=0.15m(CO0000)
L=0.30m (0000 D0)

OO00000000DO SsO0O000oooooooooooooo 15mmooonooonon
gdodooooooobbbbbooooooood mmidoooooooooobo
HEN

Ss=5mm
ogoon
O00000000000000000 72%0000000000000000@00O

goboboodobobobuoooobbuoooobbboooobbbooobbbooobo
O0000000000000070%00000000000000 ps0O

ps = 0.58¢m>

000000000000 02msO00D0CO0000Nn=30rpmd0000O0COOO



43 000000

79

00000000000000000 Q00
Qs = 60nDL Syps

=0.73t/h (4.1)
ooooooo
04200000000000000000000
B =R (%] AT #) ) [kW] ALFRHE ST [t/h]
aTeHUM 81+4.3 0.3720.06 1.140.1
R 2 AL — 93+2.2 0.40+0.04 0.840.1

7 —Z Al FE0.2m /s, 7— 7 [ JE] 8 AL b 10%

00000000000 d2000000 0.8thOOODOOODOOO0OO0DOOOOOOO
O000000O00ooO0ooOoooOooooooooo3mboooooooOoooo
000000000ooo0o0oDoDoO0oD0o0oo0DOO0O VOoooooooooOooooooo
O000000ooOO0Oooo 200 06mOi000O00OOO0ODOOOOOOODOOOOOO
ggobobooooboboooobobboooboboboooooboooobobooon
gooboboooobobbooooobboooobboooooboooobobooon
0000000000000 000000000000000DOODOOOODO0O0OO0
ggoboboogoboooao

0000000000000 000 @2)00000000000000000000
gogobboooobobtbooobobboooobobbuoooobboooobbboooo
ggobobooooboboooobobbooooboboboooooboooobobooon
goobobooooboboooobobboooobboooooboooobobooon
gogobboooobobtbooobobboooobobbuoooobboooobbboooo
ggobobooooboboooobobbooooboboboooooboooobobooon
goobboooobbtbooobbbdooobobbooooboboooubbbooon
ggddooooooobbbobobboobboboobobooboboooooooooououuoog
ggobobooooboboooobobbooooboboboooooboooobobooon
goobboooobbtbooobbbdooobobbooooboboooubbbooon



80

040 0O00O0OODOOOOOODOODOODODOOOODODO

goboboodooobuoooobobuooooboboooobobbooobLbboooono
gobbooooobuoooobobuoooobboooobbboooobbooooobo
gobboooobobboooobbbooooboboog

432 O0O0OO0OO0OO0OO0O0ODOOOOOOUObDbObDOOoOOOoDb

O000000D0D00000DDO000oDoOoooooDoDog 27.7%%00000000
0000 (Organic Cell Contents) 0 OCC)O O OO OO (Organic Cell WallJ O OCW)
00000000000000000000000000000000000 (0 &)
dob0doboooobooouoobooooooboooooooooooouooooa
00000 (Total Digestible Nutrients,] 0 TDN)OO OO O O OO (Digestible Energy]
0 DE)D0OODDOODO (Metabolizable Energy) 0 ME) OO 430000

04300000000

HH o SE Pi&E
SEALER B A AL R

EE(ARS
H124 (%] 43.9 48.2 2.5 0.18
HHY) [% of DM] 52.0 55.3 2.1 0.22
LRI [% of DM 62.5 64.6 2.1 0.39
FLAER [% of DM] 61.6 68.1 2.3 0.07
HIRPN AP OCC [% of DM] 78.1 82.2 1.1 0.03
HBEESE OCW [% of DM] 32.6 35.4 3.5 0.47
77 % of DM] 75.5 82.0 3.0 0.13
TFILF [% of DM] 51.1 54.3 2.4 0.28

SRFEAM
AT LR 43 e B TDN [% of DM] 43.7 46.5 1.8 0.21
"4 = /L¥DE [M]/kg DM] 9.0 9.5 0.4 0.28
R % LFME [M]/kg DM] 7.5 8.0 0.5 0.33
ARIE b+ FEHEMEER [% of DM] 13.2 4.5 1.2 0.01

DM: Dry Matter, 824

OCC: Organic Cell Contents, fJRANEY)
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SE: Standard Error, fZ#EgA7E
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EfficientPreparation Technology to Improve Digestibility of
Paddy in Whole-Crop Rice Silage

Serious problems have been encountered on feeding dairy and beef cattle whole-crop rice
silage: many grains are excreted because paddy, which is covered with huticigltio di-
gest. The aim of this paper is to develop a technique to reduce grain excretion in cows that are
fed whole-crop rice silage. First, an image-processing program was developed to distinguish
crushed paddy in rice silage from which the ffh@ad been exfoliated and whole undam-
aged paddy to enable the objective assessment of the digestibility of paddy in whole-crop
rice silage in cattle. Next, in order to reduce grain excretion, an apparatus for crushing paddy
present in whole-crop rice silage was designed and developed to exfolidgechacrush
the paddy itself. The performance of this apparatus for paddy and whole-crop rice silage was
measured. Furthermore, whole-crop rice silage prepared using the crushing process was fed
to Holstein steers, and the nutrient digestibility and nutrient contents were measured.

The following are the salient features of this study.

1. An image-processing program was developed to distinguish crushed paddy in rice
silage from which the chafiad been exfoliated and whole undamaged paddy to en-
able the objective assessment of the digestibility of paddy in whole-crop rice silage in
cattle.

2. Samples of partially exfoliated paddy in which the rice surface or albumen was ex-
posed could be adequately distinguished by color analysis. The accuracy of identi-
fication by using this technique, which removed the influence of halation, exceeded
90%.

3. Form analysis could beffectively used to identify paddy whose inside had not been
exposed and paddy whose shape had been changed by crushing. The combined use of
these two techniques provided a total identification accuracy of 98%.

4. The pulling, shearing, and pressing forces during the removal d¢f frioan paddy
were mechanically measured. The magnitude of the pulling force was the lowest,

while that of the shearing force was slightly larger. However, since the mechanical
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generatiorof pulling force is difficult, the apparatus was designed to exert shearing

force.

. An apparatus for crushing paddy present in whole-crop rice silage was developed to

exfoliate chaffor to crush the paddy itself. This apparatus applies shearing forces to
exfoliate ch& or crush paddy between two crushing rollers that have V-shaped ditches
on their surfaces and revolve in opposite directions. The angle between the V-shaped

ditches was set to 60°on the basis of the results of computer simulations.

. The performance of the apparatus for the crushing of paddy was measured. The rate

of paddy exfoliatioficrushing was 80%; the processing efficiency was 1.1 t/h; and the
power required could be reduced to 0.3-0.4 kW when the rotating speed ratio between
the two rollers was set to 10% and the circumferential speed was set to 0.2m/s. The
observed value of processingfieiency, i.e., 1.1/h, was 1.7 times the theoretical

value, which showed that the V-shaped ditches were effective.

. This apparatus was used to exfoliate fEtieom whole-crop rice silage or to crush

paddy that was blended with silage. The crush rate was 93%; the power required was
0.4 kw; and the processing efficiency was 0.8 t/h. The observed value of processing
efficiency exceeded the theoretical value, similar to the findings obtained with regard

to the crushing of paddy alone.

. In Holstein steers, the nutrient digestibility and nutrient contents of whole-crop rice

silage prepared via the crushing process were better than those of silage prepared

without the crushing process; furthermore, grain excretion was reduced by 66%.

. The chewing activity remained the same, regardless of whether the crushing process

was used for silage preparation. This implies that the crushing process was not detri-

mental to the physical properties of whole-crop rice silage
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