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1. ABFEOLER

HABEOFRIINOBRIAE EA SN T X B OREFRIE i 2% L AT A,
HAOIESTEIZ O T—RINATON TWS. O AT ML Y RFEEICBIT 5 —BoT X
VXA B CAEN R L XS, T COMEDS  REDORFEZEET S LISEEL 725,
LU G, B L BREOBRESEIOBRERS ST, F—BNICRT 588 REC LY, 4
BOXEER F-8NpH ORT, F - —BEDOMH - 51k, ERBRVAOREER LENES
D, HF-BAREOCERHOMREZA ZLBHEIND. TORE, 1—A TV F—VR[&E
19871, F—Br2AUE—5—8 & —FREEFRNagaraja 1998], BIREIZEF 1983]72 L DiEL
BRCRAIEEY 19761 °HEER e L ORBOFREITREMI Z & b EBbhs.

A3k, RBFRETHHAFL, b MSLEEEMMNE LA CHRATERWEERORK M (1
D FEDTHATEZENTE S, LA -, AFTORERNT, Ao RICER
EBE, 5 -BEEL R U ERGERE ERCRE L TERLBbhs. LrLiehs, &
FEOEMICBIT2RFOTE TIIRNEZ ERT 2HMIGEL, S5IC 1991 FLEO4ADES BH
LIz & DAEEFAE E DR NETORSENELL, RFOEEIR FOERBRAIRZ2RL 2o
7o, TOXIPRMTICRNT, FESFEOILK, SONRERI AT LOENMBEIL L 5AEDM
FRREDAEFED R ROEBA~OE Y AEHI TN, B s L REse e 246+ 5 RE
FRHRTFAL OB T D b X 5 2/ 2> T KL H o 7= L Bbh D,

BT 3 W4 (1997~1999 EE) DFAOTABIMIBMEE TS 200012745 &, FEEIT 1,472
F honb 1,507 F b & ER{ERTH S, HRETIL, EPNEEED 529 T ho2b b4b Tk
ERL, MAEL ML TF o ME 95 F b EELTWS. 20X 51, BRNICEIT 24-RERIT
ERCHES T AEAMRO O, ZOEMIISHLFEHREND ZLATFTHREIND. LZAT, BRI
BT, 2000 4E 3 BIZBATARFRLISE 92 4E.5 Y ITHER & 7= RMEFHERC 2001 £ 9 BIZRT V7 THID
THER SN ARG IE DRAY, FROHERLERES Y, FRAOTSRIEERESE. Ln
L7223, THEE ORAREICANT 700K, WAAES, Fl, L, SRR OREER ~DORE
LIEDIODBIRR, BEIRCRYL— b OBHRREI L 5REFAR EOMYBAHT LY, —iFye
FREBEOEEIGE Z LB TFREND oo, ENICEH 24AOFESR) LHEE L TREMIC
HEELTWW b LB,

Ehok sz, ENOSABEIERICHEB L TV ZERFHRIN, fB TRk oA HMEDE
WAEDHAEAEL, EOIEIA MOFRAEICTY AT O, BEEEORESE
ZHEDEHE L AT LT CORFLEERTARTHA S LBbns. BESRISEORNFAEREICL D A
Vv FERSIIEA L TOL 72didiy, BESFEHIBEOBRC L 2BELTE 2R EEET 5 2
EHREETHY, FOEDITIIFRY FRoBEE ¥ OBMEEREICH SREFERIDR 5 BLETH S.
H A SRR - A AR BHOKES BAOKERINSZERR 199518V THAEB DRI 5k



HEDOBIRVERBNHATZ SN TEY, EEHORFOE—BEEES EFICHERF S ¥ 5 71-DITITRES
BHI ST B HETEI DR £ S % —EDKELL EITRO Z L HETH B [Balch 19715 Sudweeks H
19811 & B s.

RBFSBICRIT HHEEBOFENL, KEL 2205HBZENELMLNTVS. FD 1 DF5ERL
LTOREITHY, BLm—RARA~I B o—ARENBE—ENSAEYOBE I L 0 5EEE LTH
AEh, TEEBOEZ IVRIRTAOMELESTNS. b9 1 DIHREED b AERIME S —
B AR A LREITHS. ZOMANEC LY, F-BHEEA B ER =T, /B
[Luginbuhl & 1989; Beauchemin & 1994]1%°5— - —HiE&hLeek 199313422V, F-BHNTDH
B2 L AR TR S B[0bara B 19941 EBX b TW5. BT, U TROREREL Vo 8
FEEEMEOMEENY, BIRCRIEYATE ¥ OREAED B\ MERHI H A~ TR 1kg 4729 OMER -
BRI REZ &2 Sh T BSudweeks & 1981]. ERNOREFOIEERICIU T, Bk
DEENS, FBU T 72 EOMERIOBEEZ TEBINTHIRL, BEFRE SR DFEERIEN A
ATHNTERY, Z0k 5 2RFERFETHE, HFAEEFRERE LTTI L, MERLOE B~
DR REIER OX & BRT AERAENEBLOND. LER-T, BT 298EaR|
BSEE L) BT REET 27001, (WFRERMEHEDO R LORIBIE T Z DIEREZM > Z & 28
RETHD LB OND.

L2 AT, BRNICKIT2RFOSBEREL, FEREOILROETICH, TRY T 0MEE 2 Ul
HWEFRIOHEE TR 5 Z L R EORERRD O O—BRIZ2->TW5 L Ebhs. A
EOIEE T, BEFARNBRICERT 2BLDL—R L NS TR FT 5 BRIE LTRY T5ks
T3 LREL[PA 1981), Y T OMRIZIEETHS LBbh5. TRV 70OHAERL, 1990 £E
181 F ko, 1999 £ 255 F b o LN L TV B [EMSERHES 20001 BN TAEShDTEY 713,
1999 £EEETIZ 9,090 F b iz boTEY, 1999 FEDRY 7 DARY, ENEDTRY 7 THoxt
JERIREL B TH B, R LUBERZOF BT RS L DIEOEESE 5, 1999 FEIZR
TEBHIFIR SN-DIE 11.5%IC & EE - TV B BMMEES 20001, & - BEEEORARIZ- DU
T, 1990 4FE 885 F hiv, 2000 4EFE 1,803 F ho L EL ML CNBFEE 2002l Zo0k )
(2, FRU S0MEEER Y OREEIOMA R, AREROCYIRTA NOKR, /hADRE - B5IRE
B - EROUE K OBILRSSHIFEEOmMmENA T T A@E, HIMER CHEZ LW A[FEE 2002].
LacL, BAFRIOMEII—RC, rigkagsiE (TDN) BECHEd 5 &, BEhORERM
L VFRD FROBE R L ORI EETH D Z L BbN TR Y, BEREREOILRICES B4
DEFEEE ~OETIZ, SR 5 SHEFRBEOEAH LR L URENLEE LT 5 Z & AT
HMEND. T, BEREOEVICL Y IEFASOFEIROEMISEE UL, HBEFRIOFRRN S
BEE COELCETAENMBNBTHEMT S Z L BEZ O, INLIXIEERROEERE#/EE
THER L2 HFarlo.

AR, fRU T 0IRER S SR ESRECh 2RFRE T 55— BRI 2 B 72
RTER 2 AT 2 BRI AE fERsk : A—A L 774 7 RE), K1) 735k ShlEmE & ijE 1992,



BRERAEL LHIA S T3, RF OFIRIC K D R4E0OE—BRE~OYER LRI ER 2
O T LRTREE U, FRU TORERLE: Y OB S AR BN L i3HeE LRV
BIEETICRO TS, B—BR0EEEEZHIREEFICHERCE L LM ERSND. AFOIESE
BTRWTIE, B BEEESERICHER SNIBENTEEY T L LREERZ S RITRE L,
ATREZRIR Y = R X IR U CEERERIEIREE (VFA) OEARBE DL EBNEETHDH LR
bihd. LiEN-T, ALEOREHICRIT 25T/ A7 LA RETL TV ETRF 2357 51
BEERBALNITAZ LIZEETHL LBDNS. LinLiahh, FEFEREA TORFZRWT, RF
ORE LB, HEE, S -BRORBEERE X OB —BARMORERH L ORI OWTIER
FEHNTRAB AT SN TV RN

F Z TARFFETIE, RF 2383 DHERENSFESEISE T P40 SRR OIEMSE, saTH(EE,
B FNOREEERE LU — B NIRMROEBEEICRIETEEBCOVWTHLMIL, SHIEER
4~ RF OFREEFRIOFIRE, BRSO AIEIS OISR S U —B OFRBICRIT T
BT OWTEEICREL, IEEHMORGS~0OFHFIAER S L TOMREAZBLZ &2 BRIE LI

2. N mEOBE—BREIEET DEHEDHTE

RBFSBICHNT, FHOBREZHBTIERL LTFEF—BEHEORENIEL LA TWVWD
[Campling & Balch 1961; Carr & Jacobson 1967; Hidari 1981]. L7%#3->T, RBFEOFE BN
~OFEOREY, FEHEREBICEELS KITT I LM HRINS. BRSITRIT 2 EEHER
2L RAWE & OBREICOWTHIZE LRIk o0 S T3 [Olgen H 1962 Carr &
Jacobson 1967; Welch 1967; Boling & 1969; Baumont & 1990]. Olten 5[19621iX, $REFEHIK
LAY =F L SRS (polyethylene resin) ZBA L TEY VITHRE L & &, fEIOERE
VB Do Te 2 & B AL T5. Carr & Jacobson[196711, #EFSE L LTU 2RV,
BEFEIC R Y =F L% a—7 (polyethylene cubes) ZHINT 5 = LIz L Y EEIOEERE)
ST L RHERL TS, Welch1967h3, =8L Y P2 MR L TEIMLET A7 7 V7 7 K
L LRI TIBWT, BE Tom 3L 30cm DR 7u L ARMEHE (polypropylene
fibres) 150g #FE—BPICRORETHHBREFITV, FRIOFY e 'L A EORFIILY
FRHERENE LB LA, B E Tom TIHEE# 10 BUAICRERIOSBHERERIZREY, £&
30cm TIXEALDREEREN -k Z EZBEL, TP LERY Fa 'L SRz FE
BE LT EERER RN 2 o T L84S LTV 5. Baumont 5[19901i%, F—8Fh=a—VL%
HE U e v O AL, EAEBEE T EmMEREEL GRS LIRS TR T 3X4X
5.5cm DREXORY RFL-Fa—7 (polystyrene cubes) % 15 BB LU0 ERE L&D
FEHERBIC 52 2 FBIZHOVWTIREL, WPhOSBEOREER IR T LRGSR
< EAIBEB ORI DTRD bR, REEEOZ G PEERBEOBIPRE ot L2 HE
LTW3.

BRSO RIFT R B OR SR BRITE > ST A [White & Reynolds 1969



Grskov & 1979; Loerch 1991]. White & Reynolds[19691ix, fEtOfER L R EEIGEE X K&
fEl, EEIPICRY = F L XLy M (polyethylene pellets) % 20%B0A L=kl L ONRE
DA EHE LT S ORI TICRWT, IEBROESFOMEEZEL, R =FLi-~b
v b 20%ERAEFHRIDIEE R B BRI -T2 Z L AHE LTV, Jrskov 5197911, KBRS
VB FERLIREEFR E U TEES —FRICEAL, RN EEZRE L b & OEIECE
— BRI RIETRBIZOWTIIE L. o1k, RS LLTE B2 a2EE LT
VPR, BEA L, VFA, I XINBIUEERE STREEFRE T 7 AF v 78RS T3~

(plastic pan scrubber) & & HIZEA - 85 L TORGBER D, BEOFBR L RFRRMEEIED
N2 bRE—B BN ER IR SN L2 REL, $, TIRXF v IRRI T—D%RE
BE—EOESMER L UEHREBICEEE RIT LT 2 & ZIRSTWS. Loerch[1991i%, RHUEFERFD
FEHEICPOT, 10X Tem 1E X ORE SOR—NARIESRA LT DR T L /(RS T4
— (polypropylene pot scrubbers) DR A5 AMEACESIEREICRIETHBICOWVWTREIL, B
SR B S LRI FICR Y e L RS SA-ERORE T L, A ERFEE
FEELEEY, FRERRNHES N LEREL TS, e, BLIIRRHISREESE 8
HHEECOVTHRELTBY, RYTaE LAY S A—0OREIC L) KREBRICS 2 DR8N
RNZ EREEZFE—FEMENER LI EHREL TN .

RBEEDE-BNEY THHRRAOUHEXRLIL, $H— 81X OEFHEMBT OSBRI L CHR
BT 5 2 LT & D BRSNS [Balch 1952; Ash L Kay 195910°T, NE{MEZBRED
E-EAICIRETAZLICRY, MEROSIE < BEYT 5 AR &R (Erdman 1988] % &
K EHBHZ EMARETIIR D RIS, FBIZKT 2 NH LW E ORI OV TRat LT3R
1A E TIZE AT TR Y [Pearce & Moir 1964; Oltjen & 1967; Welch & Smith 1974, 1975; &
N5 1987 Baumont & 1990], FREOXBREZHR L TRHIHEIC OV THESNTVS.
Welch & Smith[1974)i%, Y Fm L -URy (polypropylene ribbon) %t >V Vi LUE—F 7
S AT VR FBEIASE F IR LT b EORB~DOFETETHI-DITE R ERL, 7
NT 7 NT 7 I~y NOREEREE IR AR S L FRGRG TICR W T, B E bem O
Y 7a L YR CRIERREBSHEALES, £ 30cm OFY Fab L JRS TIREED
RBAE— LiFle ol Z AR L TWA. RO, BEE, TAT 7077 I—/bN
Uy PRI UEESEE RS LB T AR EMA, &S bem ORY 7a Ll
Ry DI L EEARFBRB LN Z & 2 #E LT 5[Welch & Smith 1975]. £ 0 5[1987]
i, BB h = 2 — VEEERRELES AV, B lmm, £ & 5em O Y 71 ¥l (polypropylene)
RRE LU 2O0ORBREEM L, FNHEHEOE B RS ABRFRIC R REII OV THREIL
7. Tiebhh, BB 1 TIHEESEIE & bi, ROEZRZ 3TEOKEE (Tom FIET, lem D,
Imm ST, LM EIZBE 50~80g ORY 7m L 2# S5 Ui 4 LR THEL,
HB 2 TIHEESBOAEHIRGS LERIEE TICRW T, R 7r L 2RE0, 30, 608 £
U'90g 5 Uiz 4 BRI THAR L. ZFORER, 1 BY72) OB, F—BNICRE LB



BEOWRBREVNEY, FRY Ta L EBRSWNEEEM L. Baumont H{19901%, &ENR
25 QBEDOKEER IS LB A= — VS e Y VR IRAFE L LT, RY XAFL-Fa
—77 (polystyrene cubes) 25 L7-BHERIZBW T, WIhOSMEDREERERFL LRI ZFL Y
Fa—TOREIZLY, 184720 ORBEERNSOTNEM L2 LEBREL, 5L, FEHER
Bf, BRI UOREROE—F - —FOWEEENZOWTHN, RYRATF L -Fa—TORENK
BEOE—T - “HOIEEBS LM EERHER LTV,

DX, BROFRSEETORBFESICE T, MEWEEZHEE L L IIFEHIBA L TH
51, fAEHERE, B, BZ YOV TEHMICRR SN, Z<0MANELRTWA. ULk
Mo, ZSORNHUHEIIHRBMEOTRIC L EE - TRV, FEAECBWTEMEInZb0
Eea Y

HE, RF (SHHEEFRCHOMER, IRy 70RERER ENE T 55— BAE~OWENY
RABERERETIHEL LT, BEHORSLEECRBOTHIAINLTWS. LiL, RF (BT
LREERIFEII D72 <, RF 28MIERA L T Z2DIKIRBFESE~D RF ORGRRE, #HkE,
FB—BHEBCEDL ) REEPRIETONRAMERT I ENLETHL LEDNS. BEL
[1995]i, vV VBICAELI/MEIDO RF (EfE 52mm, K& 40mm) Z#5 L7z & O LRE
—BRDOREBIERICOWTIRET A28, BB 74 ATNEESE LESRe Y O HR L CBEE
FRISRD R AEFHE S B TICBWTHREAREZER L, F—DR5ETTOLYYARF O
HEISEOEERICHEL RIS S ol b, £, WTFNROBEETICBOTHEY VA RF
DEREIZL VEHRREMES, Tt AV BBRENSHEB LI L2REL TS, 351, L
5[19991%, v RF ORE ZIZOWTRETT 5729, RS ESDEZRS 3@EOL Y VARF %
BEFBISEOE—F 7 4 A7 NVEEESH e VTR E U TR EE—8RO VFA HRICRIE
FTREIZOWTHEL, WFNOREEDE Y VARF 285 1L ThH, HIERICKIZTREN NS H
ozl l, TOUCAUBAERMBEL-Z L EREELTWA. —F, R4~D RF B5HFRTOW
TIESZIL B [1998] R0 KA 5 [1998] DERE 438 BB E 220 . SLIL S [1998li3 BRI II1T S IE/EE
BOEBEEED 1.5%, FRRCKAR L1998 HEFED 2.5% & L, IEETHOFRSGM R —IZL
TEREEANEERESZAV=RHAOIEEHEROT T, 18, FEHERE, 178), 5 -BHROREMER,
BABER LU —BOWREICRIET RF OBREOEBIIONTRE Lz, TOERERME, MR
B L HLLIEEHMOBE B 81X RF #5385 % LRV, FEEDRET RF OREIZE YO0 E
SNDEMThH-7Z &, KBRE, WE (80i5cH) BLUFE -BFHEIZRF OFEICL5BRE
IREVHERO Dol b, SLIZE—FAD pH = VFA I 0V TIREFBRICBV THORKE
LY, —EDEBAR o2 ERRESN TS, 20 RF REOIEFRBRATIE, 18847720 2
8D RF 73 7 & MRS EN7=23, RF OR5EHE 2 H & LBl LROfEROBIEZ OV T
ERER TR

Dk Sz, RBFESIZHT S RF OREIZOWTIIR SN RBRMIZE B b BN RmE &
NTWAETTHY, FHIEERA SN TS RF OR4F~OBREZE L UIRAZARSE. Lz



BoTC, BERO RF 85T 2HBIROBRSERE 272050, WHRCKT D RF OREBSRAET
B), 5 BNORBHFEHEL - BN, SRER I UE—B ORI LD &L 5 R R RITT O
FEMICRRETL, Ei, FNOEARENCIE 22 DEEOMBICR VA T ZEBBETH D &
Bbons. &6, BEHORFEEZRSWT RF ZAZFIAL T 72Hi03, RF 587255
— BT 2 BRI RE 2 RO IRITIE R TR 2R 2 R L T 2 b ETH D LB
ns.

3. FHFED HEYE LUNER

ARFEE, IREHECRY 7 & W o RO & 2 HEHE O — B ANEIC N 2 MR 22 R E A
PRETZHOTRREINEE -FABAR RF) PET 2RI L, EFHORS~DF
PFRAERD ECOMRER/DZLEBHLL, UTOL D 2—E0RBEER L.

(1) RF O#5E#s L UOKRE Sl a%E 15

AETH, WHIERET D RF O@EIREER L ORE SIOWTRE L.

B18E LT, ARCRELSEHO RF 2851, BRI LE BN pH ICRITTEEIZOWT
AELE.

FEofiL LT, BRHRKEXDRF OREVPAFORBERE, HER F-BHNOREERBLID
BB AR OSBRI KIE T I OV THRE L

(2) FBY SHEIC & 5 B 2SS BRI TR 5 RS, RoMbE, F-BNREEER
BIUOE—BNEBREICRIETEE F2%)

AETIE, FRROMREERRME (OCW) SEEUIROELR DY 7 (B0cm & 2cm) ZHE5
LT 3 BRMEIERTE LIRS T (bR OCW & BN T 25%, 20%8 L 1015%) DR
FTIT, B, SRR, E—BANOREBHERE X UE—HREOBBREICKIET
RF OREDOFEBIZ OV TEHMICHAEL, Y 758115 RF BET5H—BICA1 2 %EN
RIHBEIC DV TRET L=

(3) WHEVERLY DSR2 2 R BS540 T Io1T 5 B, B —BAREERIS L UH—
BromEsEIcRISIE B35

AETIE, B2 DHHENERS OREFE E BMES U7 8RISRE T 24~ RF OHRE 7
RABEEH, F - FAORBMERS L OEEOFE— B PBBEE LIS T HEIC OV TRE Lz

B1EE LT, SHEERLSISARShBESRE (OCW B E : #i7 27.5%) BMES TORS
IZBWWT, RF ORENRERRE, £—BHNOREBERE L OE—BNRAOBEREC R TEE
WCDOWTHRELE.

Eo®iE LT, MR BESE (OCW S & : #H 12.7%) % BIIRIEE L 76
B TICBNT, A4~D RF ORERRBIEE, F—BHOREEREG LU B R0 ES
BRI RTINSOV THRE L.

(4) BEFRIZHENT COIEBRIZIST 2FEOFIMM, RBRE, RoHEtR, 5 -BxEE



PR, BPEIADABISEEAAE L O — B OMRBICRITTHE (B4E)

AETIE, EEFESEOIEERETICRT 2HW45~0 RF OBEIEFEOF|AME, Hrtbk Ltk
PSSR E L UOE— B OB RITTEEBIC DWW TOMREEE A0, HEHH, MBIV
—BAOHEBEMERICET A L R TERERE LT

BI1EE LT, SRS REL-RESE (OCW B & : #i0 27.5%) Sk TTIERL
TEAAHZIBWT, RF ORE(EEIOF|IAM, Atk & PRI OIRIESERR L U — B 4
RIS TR DWW TR L.

WO LT, BEFEBIUSGRBEGE TAT7 7V T 7~ A Fa—T L= W) %
BE LU THAMO S BEEA R EET, TOMANEE RF TRE L UES TR ETORFITEN
T, FEOFFM, AR & BB OREIFEEIERIS L O — B ORI RIE T RN OV TIRE
L, WEEAEE Lz RF BRSO & B U2 HREB RO RF FIRIC K 2572 2% 2T A
DATEEMEIZ DU TRET L 7.

|



Fig. 1. Mechanical stimulating brush (Rumen Faibu: RF) substituted for physical function of roughage.

A: a side view post dosing into the rumen, B: a frontal view post dosing into the rumen, C: an overall view before
dosing into the rumen, D: an exclusive implement for dosing RF.



55— BN RO s JUOKE SITBY o5

=1

RAEDIEB BT, ERREEED B OFE & O SRR OREEE 2 215§ DR A
F AB—FRATON TN, ZORER, E—FNpH OKRT2EE, H—EHNOBERYTa b7
DEADIETIEZ Y, TRVXF—HERIED L THEEBEMET T2 2AEX6ND. LIz
T, S -GPWERENERICHES SN, TIRERIRY BB AOESEMAREE (VFA) FEEZ R0 D
EVAT LOBENRLETHD LEDND.

HAOE—BPMEES EE IR S 5003, SHESEOR DR ENEETHD L5
2B TRY, AAFEREE ARG IBHKESBHKERNSHESR 19951 bIEBHICRIT 5
HEEIOBEES (EORIELER) SREN TV, RFOREBH T RIS, ML LT
Ry SREESENMEE XN, AR EFICHEFT 2 BITHEASh TS Z LBV L A
bha. Wy IOEESEED, AEOWERE AKD 2R3 1 SOEETHHMBEEHEF RV]:
SRRl 1kg 7= 0 OMERS - [ABRFR) 23\ [Sudweeks 5 19811LE 2 oD, WHAE - KRR
LB L I FEEEATED STV A [Erdman 198810T, 8% 6 FRY T ORERLEDRGES
(& 0 IERE - RUBRSRIAMEN L CHERODWHEHE Y, E—HANOEEMEEZRFT S Z LASTREE 2
BOELBPRA. LERST, B BB 5B R & A TR LS R T
5 L TEiuE, EEMOS EERE A LY AT AR THLE—FROEES R
THZLENAETHDHLEZILND.

S SR DR 3\ RATE D B — BRI~ ERATRINEHERE & A T LA BHEC L VR
#% U BERRgnT b Y l0rskov 5 1979] eW4[Loerch 1991IZHWTHRESN TS, WIh
LERLESNELO. IFE, BSFOE—BHEA~OYEARISRIER 24 > 705 —FHIE
FE RF) BENOESHRCESWVTEEAR SN, ZORF OFIRICLY, FEEROyIRES
BV AR ARG 5 b L WHERE LT BERE Y AT AOBY AN AREIC 2o Tz E B b,
UL D, EEFEISHEAETORFIZRWT, RF 285 Lz L OB, MERBID
B NORBEERICRIE TR OV TEEIICRE LBEII2<, &b, RF AT LT
BE L Bhhd RF OREEHPORE SEEX I EOMRITT LA LRV THD.

ZrT, H1ETTET, B57 5 RFOEERESIZOVTHRIT L L, F1HELLT
RF O 5EEN BRI LS8N pH (52288 %, F2H8L LT, RR5KRESORF RS
SRR, B TMILE, B— B NOREMERE L OO F— BBEBEEICRIE TR OV,
FNENRE L.



E1EF1E

B BRBUA ROBRSEHOBE DIRBREER L U% BN pH [CRIETHE

RBFBOFHES AT MTRWT, EEEHER L CAEEMORTITEO OD 220K ST D7l
1T, B-BRNORBEIRESELZLBEETHY, TOLDINITERERORBEEZMZIDE LD
(2, BEROSWNC & AE—F W pH EEREX B0 DLERH D LBbND. HEROSUNT, FHHER
B AR TE% & 72 5 [Bailey & Balch 196112 & 235015 TW\ 5. Liznio T, RESRHZ S EIZ
BET DIEBEREDFRES AT AIRBNOTE, —EORBERHRT D Z LI K> TAEEEENTE
—BRDIEEMEHERT5 2 AR D L Bbh s,

RBLiL, S—E5ASY (B8 ZHEREL (FOR, &R AZASOMRRERSPIERIE 115
Tah3), OFEMNICEE LR AESE LB T2 EOTE2RVELITI ZLTHD
[Kennedy 1985]. RABEOAHOHER LT, H— BRI U THERR2REM Ml 5 Z L1
L V&R EN 3[Balch 195200 T, ATHIRAFHUHEDOR EVIBFFIH R RITTHLE I %
B OMICT BT BRLZRET S Z L TRE D2 L3 TELEBDhD. —7F, BROS
PN BRI OIERBRER DRI & & HITHE 5 Z L5 TV 5[Sudweeks & 1981, Erdman
198810, E—E W pH 2 BECHET 5 Z L I L W E—FAROEEMICE 2 5 AT REY
BOBREOEEBI HDNVTRETT A Z ENTRETHH L EZLND. ThbDIZ erb, F-BRIBH
E RF) 2#ELL2ORFORBHFHBLIUHE BN pH 2REHCAET DO LICEY, RF
DR ENRBFHERL L OE—FADEEEDRBCRIET B OV TOMRNRH HBE/LNDD
TievwheEZLONS.

{2 AR S N R B D% S 0NRESTE 04 & i 5 U i EBHELE OSBRI RIES
EENTONTRE LRSI L 5L, 1 BN ORBEEIIATNHEDEORSEDHEIMI -
THMUEIBRO S 1987]. ¥, BEFRIOREIEE LI fRERE T OEBRFITRT 588K
PERICRIE T A TR U E DR EER OB DWW THRE LRSI Liud, F—-BApH X
R E DR 5ESN & A BN h o T [Loerch 1991]. LsL722dih, WAHZIRWT, E25ME
#D RF 25 Li= & & ORBERRLE—BMN pH ICRITTEEIC OV THRE LREZ2<, RF
#FIAT 5 ETRF ORSEHMICET MR8 Z LITEETHDL LBLOND.

7 - TARBR T, RESBEMGE TORFCRNT, B2sEHORF 2#%5 1L T1 RELY
DR B ROIEIEERTR S U — 8w pH 2o\ THREL, RF OREPRBBESCE—FRNOER
PEDIRERHC RITTBEA B NS L7223 Bt RF OREEEI OV TRATLTZ.
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MBS LU

HAB

BB A RATNEEE LAV A A AEERHYF 4R L. SBFsROFE (B9E
TIRHERZE) 11639190kg Tho7M. HEHT, RBRIEL LTRF 285 LRWERE () &
RF # 1884720 1, 3BLV5 @535 RF 5 ([RF1, RF3HBLUVRFS) (CENENEID HT
7. BB AXA DT T ULV ERm L7z, FHORBREMIT 11 B (FEH 7 B, 284
Hff) & L7 RF I3BAFHOE 1 B BIZE B 7 4 AT A bEFEHGFRNCEhENEREL, &
RERHIRE TRICERY L7z, RF IIREANTEREO L 7 2AMEEY B LU TESGIC AN, REF AFDHE
FE D % SRR TORREIC LT O AR L.

HERETR} & fre ik

ARBCIIHKEECThD bUEuay, RFERE, oA\ BLUE— MV EERE A,
FAEtPOPHT F—Vx Mi#E (NDF) SE3RHF 26% & 725 K 512 B ABHERRIR T UEH
IKEES MK EERIN S EER 1995 DI E SO TEERIZEA L. GR1-1-1). K& 135
RO S I (R4 M Iy, 2EELTIERSH) 284EHC 1 A 40g w5 L.
RO ERIY, FREBHION R I TN TNOMRFOBRELHIE L, HRRCLERTIMEELSRE

(TDN) ERE% B AFREEYE - RA4BHOKES BWKESINSEEFER 19950 E SV TEY
L7z,

FEEAIEY, BRNICAZ L F a0 TREL, i~y MEBOTHETER L. flofsE,
1 B 164879 BRZITo 7. /KITRBHM T2 E L CHRIEBIRTE D L HiIc L. ok, FRBRD
BRI TICIE S 3772, FROEI VX1 10 AFOBIZBHIZE L TR~ 1T 7

TR

ITEBVDEREIL, [V ANEEHEAD AT (C-CC31, TOA BRR2#t, L X CT-0412G, TOA
BRE) AV, SRBREITOAH 1 B BOFRIOEFERHERD 1 HFET 24 BFRZER L7z,
Thbb, 24 BEOBEREY 1 50V IAERICST, 1440 DY TR (&Y AR
KRoDBE) OERATBIRMEET LSRR L. FBERAD A T OREL, TEVRERME ORTAI
TV, 1ETIERRETI LI TN THER Lz, BIELATENT, FRHERITE L KBTE%
FNENEEE L, FEHERITENE RBITEIOE ARSI & U OR L. SIRHERRROIERE
& RABREOEIEY, EETEBE ST v 7IVEDRIE OITEIN ST U TRE L. RAARED
& R LAY Y OEEOESE JUBFRNY, TEMEISEPICRBIHER SN FHZ VW TER
FNFHEILE. i, G5EBOBRET, 1TERE LT ThE L iasoks N bERELZ
LB TReT.
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BB pH A

ZHEMOAH 3 B EMD 4 HAL, $—FMpH ORMZAEELEIT-7. BB pH Ot
i, A—# 70 pH & (HM-14P, HEER TEKKSA) £V, B (GST-2419C, REER
TEHRAS) 285 B 74 ATAMLE-BRECEAL TTo7. FHURRETRHG 5-AT & 56
whE#%1, 2, 8 6,9, 12, 15, 18, 21 BL V24 K& LTz

MiatLE

FATHRERS L OETREROE— B pH EOSED, WO RF 85 L ehTho RF 50
EIHEAHEDH D t-RELAVCTHE L. 728, b%UTOERRIIFEHIFEELHD L L,
fERRE 10% L T OB EHMERRSH D & L.

I S

F 112 [CIHTEFERCT 2 SLABOLFHENE, Fakr L AROEBRERBIUHERL
BB 0 ONEMEENL & MRS ORER AR LIz, 1 BY72 0 o X O NDF R&L, \WTh
DOMFR L HIHFFRETH Y, 1 B %7 OFFHERRIL, RF BRE5 L TN THhoO RF 5 0OLER
BT, 1 BN Y ORBEERE, RF ERGIZHE L TRF 2#%5 L 344 L b ERl-
7203, FEEHAOICE B MEMHERD b RF &5 & RF3 OMDA Th-7- (P<0.10). 1 B
72 ) ORIERSEFRIC DOV TiE, RF3 & RF5 25 RF BRE5 LV RVMER THh o7 (P<0.10). FEEE
W L ONEE NDF 1kg X47- © OB, RF 85 L 2 Th o RF &5 OEMICHEEN 2
ot BEEREE S UMER NDF 1kg %72 ORISR OV TIE, RF3 25 RF 5LV bk
VEBTH - (P<0.10). KARFOH R LASIY - ) OMEMSENL & EEERIE, W ThodsEe
HIZFR L ThH o7z,

1-1-1 (TR BB KBRS ORI LA R L. RBREIE, S0 L b2 ThORER
RIS RV CEEERSH Y, RENKE Dol BTSN L bERRGE% 1~2 FEE L& TE
£XN, BRICHAERE» OEHICETCGEML .

1-1-2 I BB OE BN pH OREE(LE R L. B—BWpH I, ThZhonsEe b
EHEHE 544 3~6 B E TR F L TEDRRAICER L, &L 6.1~7.0 DFEEHETHANEENL
7=. RF1 & RF3 0 2 AT, #OMERIZEE LTI #B L=, RF BRE LTI L,
RF1 TidtabHe 5% 9 BERIOTEERMEL (P<0.05), 12 38 LU 15 R DFRERFZ IV TR MR
WD ST (P<0.10). RF3 TidfAEHA 544 3 B LU0 15 BfDFRERDMED o7 (P<0.05). RFS
TIIEPEHE 514 15 BOFAERMEA o7 (P<0.05).
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%z £

AHBRTIONT, 1 BY7- 0 ORBEENY, RF 285 LT TOLEL b RF Eixb%z EEY,
FNENOLBOLEENESNT, RF ##5 ;0.23, RF1; 046, RF3; 024X URF5 ;022 Th-
2. %17, BRUT-E5 SO NDF1kg 47 Y OB L MBSO OV TS, WTho RF #
524 RFERE L VR 2ol LIciio T, AR & 5 2REFREHES TR 2 A4~ RF
DOEEIL, 1 BY7Y OFER & EBICERL SN AR R 22 FREMERSH 5 Z L ARSI

—%5, AR TOE—-BENpH 1T, FEHGEH% 3~15 BERIORERACIWT, RF & 1EX72i3 3
EfRE U B ERE L) BIESHEB L., Lr LR, ok ER U THREHGEE 24 BEO
FERFCIIRFL, RF3 &b ICEFRHAGRTOKIEICEE L, RF EBHRE L OGRS ehoTz. K
DT, SRRSO NSRRI & &\ FEETAER LI TH Y [Erdman 1988, SRIOIERRFRLUES
WBW BRI D 2 EBHE SN TWS[Bailey & Balch 1961]. ARBRICISIT HEEHR 5% 16~
24 BEEDOFRERFTE CORBINL, RF &RE ; 584, RF1;94 %, RF3;99 458X U'RF5 ; 86
45TV, RF EHRE L RF1 BXORFS ORICHEINCHERENRO b, ZOZEhb, RF
% 1 EEIT3ERE LETIE, TP NEHE pH &R LT8R GEEHE S 24 BH
DFRERFE COMOEROSUNEEY, F—BApH & LF SWZ LB HERINSD.

Loerch[19911i3, 5587 4 AT VEEFEBHFZ AV, BEFSOL IS LIRS TICER
FAE-BRNIRERICRIET TS AF v 7 20y (RY Fa 'L g) OREEZROFETOVTH
L, B—BNpH 2, T_RTONETEREHAS% 24 BMICE->TEO0LIT TR L, REEHICX
RN, £, WIERMIEEE (VFA) BELE VFA BIGICOWTHLT IAF w7 2T VD
BEESIC & BB e o 2 L ERRE LTS, F, BBRICAVWET ATy 7 Z VUL,
RRKE=OEEREENT, RE~OFENRL, F-BRNOBERICN T SEEEA BT 5
TEMBNEEBELTWD. TOWET, B4~D RF OREIZ LY RB~OREI RS, B
FROEEME R T D FREMS R SN ABRBROBR L —] L TV, ARBRICAVW RF &
Loerch[1991172MER L1275 ZF v 7 # U 43 e bIHUFZABMMECTE TS, TARBERD T
%, H—BITRE L L & OFE— B~ RBERIC BBV WAL Z ERB I OND.
BB ORROMX FLIL, F— BB IR LRy S gt 3 Z LItk VR Sh 5[Balch
1952]. LEMRoT, BE LI ATHWEDOE — BRSBTS 2 MEBARERE DB DI BRI T
BHOHEXRELOBRICHEL, BRBERL LD Lo b L. I, ARIIHERE
SNEAMICEENAFRAONE BE, 1Y) KXo THRBRMICHEBE5X I LPEXL
NBDT, 15 LIEEFEEORSFEEDENCHESRLERD 1 2THA S LEbh 5.

BRokdic, ERECHELT, 1 BOREEBICBERLINRHERRWVERNGEO O, &
=, fREHES% 16~24 BRIORBRFNERICR 120, WROBEERICL 5B —BRNOEENE
DIREENTTREL 725 £ E 2 b5 3D RF #53A4HIIWCHEEIZREEH TH D Z LIVRIES
ni-.
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Table 1-1-1.  Ingredient and nutrient composition of diet

Item Composition

Ingredient composition, as fed basis %

Corn 10.0
Barley 27.0
Oats 53.0
Beet pulp 7.0
Rice hulls 3.0

Nutrient composition”. as fed basis %

Dry matter 88.8
Crude protein 9.8
Ether extract 4.2
Nitrogen free extract 62.4
Crude fiber 9.3
Acid detergent fiber 11.7
Neutral detergent fiber 25.0
Total digestible nutrient 71.5
Digestible crude protein 7.2

! Nutrient data were estimated from table values (Standard Tables of
Feed Composition in Japan, 1995)
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Table 1-1-2.
fed with a concentrate diet

Effects of dosing number of RF on feed intake and chewing time during eating and rumination in steers

RF treatment”

Item Control”

RF1” RF3” RF5”
Intake, kg/day
DM 54 + 0.8 55 + 07 56 + 06 55 + 06
NDF 1.5 £ 0.2 16 £ 02 1.6 = 0.2 1.6 £ 02
Time spent, min/day
Eating 280 + 6.1 275 £ 3.1 265 = 1.9 285 + 5.7
Rumination 1063 + 244 165.0 + 763 1368 =327 1 1645 + 36.5
Total chewing 1343 + 23.7 1925 + 744 1633 +327 T 193.0 £ 350
Chewing time, min/kg DM intake
Eating 54 = 0.8 50 £ 04 48 £ 03 51 £ 06
Rumination 221 £ 58 31.5 + 19.8 250 = 7.8 300 + 6.7
Total 275 + 5.5 36.5 + 200 298 + 817 352 = 6.1
Chewing time, min/kg NDF intake
Eating 19.1 = 3.0 177 £ 14 169 = 1.0 183 + 23
Rumination 787 £ 20.7 112.0 + 70.2 888 +£27.9 1067 + 23.8
Total 97.7 £ 19.5 1297 + 71.0 1058 =288 ' 1250 =217
No. of chews per rumination bolus, chews  39.7 + 10.3 402 + 6.4 433 + 13.9 405 £ 53
Chewing time per bolus, sec 40,1 =+ 9.8 405 £+ 49 421 + 14.0 40.1 = 5.5

Values are mean + s.d. for four animals.

Asterisks are significantly different from control (*P<0. 10).

Y Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

) RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

% RF1: one RF per head. RF3: three RF per head. RFS5: five RF per head.

DM: dry matter, NDF: neutral detergent fiber.
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Fig. 1-1-1.  Hourly distribution of time spent for rumination on each treatment in steers fed with a
concentrate diet.

Values are mean for four animals.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF1: a treatment in which one RF was dosed into the rumen.

RF3: a treatment in which three RF was dosed into the rumen.

RFS5: a treatment in which five RF was dosed into the rumen.
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72 - 1 feeding
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6.0

5.8 ) ] ] ] ] ] L] 1
0 3 6 9 12 15 18 21 24

Time after feeding (hr)

Fig. 1-1-2.  Changes in pH of rumen fluid in steers fed with a concentrate diet.

Values are mean for four animals.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF1: a treatment in which one RF was dosed into the rumen.

RF3: a treatment in which three RF was dosed into the rumen.

RFS: a treatment in which five RF was dosed into the rumen.
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(5% 1 %5 1 #7)

3 S

£7%LH > NDF & E1FHT 25% & 725 & 5 ([CELA LT-REFR e 5 Tz T, RF ORE
B RBRERE — BN pH RIS TEBC WU L. RBBRIL, BB 7 AATAERESL
TRV AT A LABESES 4B AV, RF 285 LAaVWERE GIfR) L RFZ 188KV 1, 38
U5 iR+ 5 RF 5 (RF1, RF3BLURF5) 2T ThEID YT, 4X4 DT T IR
FVERLE. SROKRERIT, HECKEL TDN ERE S L7z, FIRHEREL, WThons e
HLIZIFEIL ThoT-. 1 BY- 0 OFEENE, RF BREICHARF 285 LK L b LRl 7
N, SEEHEICE B EMERD b= DX RF £#5 & RF3 Of0A Tholz. F—FApH I, &
EHE 5412 RF1 & RF3 3 RF %5 & 0 HIR B Lo, kb tk 24 BEORERF TIIFLEL b
6.9~7.0 DEFETH Y, FAEHESHIOREICEE Lz, U LOERND, RF ZA4FOE BREIC
U CHERE Y UCHER L, RBEHRE TS LRI, WA~0REIT 3 EINER
BREFEETHDZ LIRS

18



foke o e foke

FE1ZEE2H

- HRMAROKE S OB ISEARTH, BOMER, F -BAREER
BLUB-Br@REERIETRE

BHEMERR A D\ TR & 9 R EERERE O CERIZREED 13, RBFREOHLBRICRENT
E-FNOEEME AR L TRELFEAECERL W5, RREEEHE, KBZREOHIEEC
B 3EE - HIETENCEE L [Sudweeks & 1981; Luginbuhl & 1989], X4 - AR IMER D%
#8345 [Sudweeks & 1981; Erdman 19881 = & 23805 T 5. JLAOBERSWEX A LIZASR
WEBE, 1A% OfEEOEMIERED 3~12kg DA ORI WEIL40~1T5L THY, #E
DETEREWEEOES 5 L 0 BRI Lz 2 & 38R &N T 5 [Poutiainen 1966]. F 172,
E—SNOERZAEORZIZE Y ERTENED L2 LB RESh TV 5 [Balch 1952
Sudweeks & 1980]. = iLHDWMEIT, FHRIOYEAIFARD RS WEE TN T 5 2 L 2T
®LTWD EEbhd.

HHZ, BAOIEBHICIHOTIIRY 7PERELE L W o ARG ST s, I
i1, B -ERNOEESAEETAZ LRTENTHS L Ebhs. H—EREAE RF) i1, U7
ARG EHE 7 & OMERI DA TS E BN TOYERTIIBESIEL BT 5 Z L 2 BRICARE SN
[SE 2805 1992, RF 3ERCAERSICER LT5A, RF 2AHIRSE L & & OERRSE
~BNORBEMERIZ DV T ORI TN TE ST, RF 2EHT2 L TINL2RETT 52
LITEETHHLEILND.

%1 EE LEICRWT, RBRELE—FRNpH O ANEBIORREN D, WFITHT 5 RF ORE
BT 3 ENET CTH D = LR EN. LLRRs, WHIERET 5 RF ORE SIZOWTI
MRS LT EN 2 <, IEEZE L SRS TORFIIRWT, B2 RE IORF
BB L L 2 OMEERE -BRORBIERICRISTREC VTR L TR 2L BLETHD
LEbID. k& SnRe? 3EEDE Y VR RF 2 BEFRESHROE 8 7 4 AT VEE LS
VRS LTI bR L O — B ADERMAEEE (VFA) HARICRIETRHRIC OV TRE LR
EZROT, WPhOKXEDOL Y VRARF 2RE5LThH, HERIRITTRENNSS, 7aes
UERRAERAMERE LT D L ASHER S LTV B LS 1999]. Lo T, BWEZBWTEH RF DRE &
DE RS —B ADOREEMERICEL RITTZ L BHREIND. &b, RF OFREZRE<THZ
Lok BB BRI ER ST E UL, RF % 3 ARG L TELNDE -BHIE
~DYIBH R HEVER & RS OMEEL R S Z Ve LTHBLND RS H D L E X OND.

F I TABER T, WERBSHRAMTORFICREDRE SO RF 2845 L, KRR
RS, BEATYLER, BB N OFBEMERES L OEEIOSE — B PR E L RIS TR DWW THREL,
#5355 RF O@EEIRRKE SITOWTRAT L.
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MRS L U5

g

FHBRNIE—E 7 4 ATNVEEFNA Y A BRI AR VT, HERBIARRDOBE (139
{EHABRERZE) 12 647+55kg Thotz. 4T, RF 285 L2WERE (R) LRXSORL
5 RF % 1§8%47- 0 3{E& 535 RF %5 (RF-S, RF-MBXURF-L) (EhERED BT, &
BRIT 4X4 DT T U HRRIEIC L Y Efa L. SRBHAOHMIE 30 B (F#E# 14 BFE, A% 16 B
M) & L7, RF IZEHBRHOE 1 BECE B 7 4 AT /VEEL TR SR EEhRE L,
B FBRAK THRICERY H L7, RF 35RNCBGIZAN, RF REOEES % T2 E TR
LU THhBERAL.

RF pRk& &

ARBRIZHAVVE RF X, TilkD RF (RF-S) k& & (Fff) ZHEEL L, TOFRD 1.6
£ (RF-M) 3X002.0f% (RF-L) & L7%. RF O, RF-S SRS (F7VED)
80mm, £ 110mm, RF-M 7% 90mm, 130mm ¥ & O RF-L 7% 100mm, 140mm T&H >
7o, MBS uroREiE, E¥ORF-S ERLELE. £, RFM B XU RF-L O
BERASORIEE (BeFES, EHMEERE) 1, BEORF-S LELLRNPSI.

HEREPEL & fRE TR

AEERITIT, BEEAEE L THROELAEI (Efg « A ¥ AU, LRARL HHVEPEER
Rett) %, fHEEE LTRY J 2BV, HERER OO EFROERITE 1-2-1 (TR L. BRE
ERIOEAMBIORAEIAT, B8 (Frvenad, KEf) 72%, BEE (-7 74— F,
Kbl 16%, FEMMERAEE (KEIHH) 8% LU DM (REEIN T L, FEEM) 4% TH-
7o FBU Sih v Z—DORETEES 2cm & L, UL TS Lic. SRIOREEIY, RAERRIRTE -
PR MK PES BMOKEERIN B ERD 19951 E SN TR RBIIZ BRI D E ) DHERHI &4
E R RSB E (TDN) ERE L U, BEEE L R OR SRS RRE T 97:3 & L.

A HERNCEES 2 A L TEER L, N TIAwy MEBWTEE L. FENIFAT9 Fr
L% ARED 2EIIHT T, EBSORE Lz, K BRSSP 4R L TBRICERTE
BE AT LI 2, FRRTIE, BESESROFRAFETIZES 729, 10 AFOBIBHZE L
THa AR08 D Bz 21T o7

FTEE
TEOBRET, B1ZB 16 TERA ARV ANEERANATEIA LT TACTA Y
hLa—4#— (SVT-S5100, Y =—#REH) 2RV, ERBEHOFH 8 B BIZFRTOEFERS FHFH
b A8 BERIT o 7. FESIRAAD A T ORXBIY, TEHFAERMS B ORTRIZATY, MEERAI A7 1ET1
EABE T LD ICFNFNENE L. BYOFEMREL 0128 L L, GET —7 2@ e TS E T
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48 FEhERRE L.

ITEIDMRNTIE, FRIOEEHASRARA L L, RET—72B4 L0 DERBEICL Y Thth
DRERAEO B TER % R L TT o7z, BELIATENT, FITERFM L U CRIEHERRH, SusRe
3 L UNAIENERER (FTEHE ARSI+ BN 22hEnimELiz. TOR, EEHERFRFOEE &
BRI, TR ENOEEITENC I BRIEOITEI DRI L CRAI L. 72, faEEEo
BRETHHRE L WATL THRE L.

TH{LRER & ikl L UED ST

FHBRMOAH 1 B EH»S 5 AR, SURFICHENN—F 2 CSHIESEAESD 2B MITe
BB, ERULEED, HERI I HERETEO—E (1,000g) % 60°CoOEREISEMNTH
&, 1.0mm ORZ Y —CEROFHT I (10932, Foss Tecator) THWL, O£ TH
ETRELL.

fkhs LU DKSy, MRS, HMEAE, MR LU O STNIEEREHS 19718 Y
TV, ks JUETOE#MIE, 77— uT T —BiRAERMELE LD 1994]
2V, MRAEYE (OCC) LimfeEsEmmE (OCW) (ZHE L.

B -HAORBHERE

BE—-FNREEEEROREARE (B —BARK, 300mD) OBHuL, SRBHIOFH 7 REICE—
BT 4 AT NEE L CRERRNAT o 7. RBEENE, Frall & FRo e e oiehis il L U
#54% 15, 30, 45, 60, 90, 120 8L 1804 (Ft16E) & L. HELAE-—BHNAKII—E
H—ETHBEAT, 75 biCpH 25 1 ¥ 28 CEA LR —F 70 pH 3t2 AWV THIE L.
ABLE -BRAIRIL, TN EhOSITHd 5 E T-30°C THfsHRTF L.

VFA %, AESEB I VERURBRAEEL, RREEL BN VFAEZ TA 7 n<
r75 74— (G-5000A, BEXEHERABUWERT %AV VTHETE VFA ITHBEL 7. DRERIE LI-&HE
VFA OEfEL & FNENOBEREN SBEAWEL, & VFA OEALEREZFEH L. A0
< N5 T 4 —DEEREFILTOREY & LI BT 5L LTAT VAR T A (SUS 77 A 2M,
BT LYA X : 3mm ¢ X2m, BREEH B IMIERT, FEEA : Unisole F-200, ¥—=/L4A X
BRE 2EALE. v U T HRAIERLZA, TOFET 30ml/min & L. BEET 13K
Ex AV, FOFEIT 20ml, min & L7z FAZ a< 7T 7 4 —DR{LE (Injection) IBE I 210C,
#152 (Oven) 1REEIE 145°CE L, #HICIX FID fitizga vy, &EEE (Detector) X 250C&
L. F¥— FAE—FiE1.0cm,/min & L7z, 7TUE=TRERREEL, 20 v OMEILESY
¥riE[Conway 195012 BV TER L. HEBEREE, /S—HA— - P~— EBarker & Summerson
19411 XV AIE L.
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55— B PR BRI ORIE
E-FNEEOEBEEE2RD DT, v —H—L L TZF Lo V7 I NUEEE=/V B
(Co(II)-EDTA, FltMiEBe T3ktatt) &MV 2. Co(ID-EDTA 05843, 188%7%Y 10g &
L, 300ml O7KEAKICED L CEEHESEANIE B 7 1 AT Vb ERERS L. Co HHTAOR
B E—ENAIE, 300ml) 1%, FHRERHIOAS 12 A B0 14 B BIZE—B 7 1 AT A0 HFEEHY
(CERE L7, BREEERE, FRiOfREHe SRl JUERKRE#£ 3, 6, 9, 12, 18, 24, 36 KTU 48
BRf GHOME) & L7z HLEE—BRART, —EV—ETHEH%E, -30CTHRERTF L.
Co DR ENT, AL U CRHES - IEREE CE=UKIL L, RABEEER (B3 208, #RC
£4E B STBIERT TOM L TRERDIEBERRD-. £ -BRRHAOBEDEE (%) 13, F—
BAD Co & BORRHIBE R 53R 7z [Homma 1994].
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ITENER, TR, B -BANRMEOEBEER LORRERIIRIT 2B —BHORBIEROT—F
[ZOWTHL, RF R 5 L Zh PhOKRE SO RF BEEMIEDH D t-REE AV THE L. 723,
5%LA T DEREIIHEIEEZNHD & L, fERE 10%UTOHRSIHEA DD & L.

o R

# 1-2-2 [ZIHMTEFTRER BT 2 BB OFEHENER JUNERR & AR OEBF 2R L. 1
H %7 Y O#EMk L UOCW ERER, WFhoE L b FE%S TH Y, 1 A 47 0 OfFEHERRFRIL,
SEERITEN SR oT2. 1 A %72 0 ORBRER L ORIESIFRNE, RF #k5 L, RF-S, RF-M
BLURFL OFNENOLERMICEEEN 2o 7=, BEREE L OER OCWikg %) ORE
BRRIICOUVT S, RF ERE L FNFho RF BEOEICEEEN 2 o7z, BREB JUER
OCWikg %7~ Y O#IEMEESRTIY, RF B|HREIZHER L TRF-S BRWMERITH-7 (P<0.10).

BRI I8VT B BRI ORIV 2K 1-2-1 (R L. RUBRERE, BB E b ENnEh0H
BRSO TEGEERSH Y, REBKEPolz. RBIITNThOLE L bEEHEE% 1~2 B
B THRESh, BRICH~KEOEFICENT TEML .

£ 1-2-3 ([TIRFNBORMTMEERL LOREME TR L. ENETNRDOMSIEERIZOVWTIE, RF
ERE 7B LT, RF-S, RF-M BIVRF-L & HITIHERHETH -7, TDN B L UFRNHLARERA
B (DCP) 2\, LERMICED 2 RAFETH -7,

EAEDE TN pH, # VFA BER LU VFA IRE L RO LA ] 1-2-2~[ 1-2-4 12
FNERR L. B8N pH X, AL IS SOTFROFEFESRITIET L, 5% 90
~120 9 Th/IME% 7R Li-. RF E#&5, RF-S 8L U'RF-M OFET, 1 HTFRRLRRELE T
L7z, RE-LIZFRN, e bicio 3B L 0 bETRHB L. RVFAREL, Fal, F&E
HLITEEHA S 60 DRI ETENThOLE L L ER L. 2018, FRiICIIEBREATITE
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TEE CIET L=28, FRICBO THE TAMESHTH o712 RF B s L Zh T RF 50k VFA
BEZHEST 5L, RF-SIIFAOFHRHAE% 45 5y OFAERZIROT RF #iRE5 LASH L UXRF
R E 5 FEY, FETREFRER S b RF &&5% Fhlo 7. RF-MIXFRIDOEFERHIIHBVCRE
RS L0 HETEL, FRIOREHES#% 60 40 OFERF T RF BRE5 L D Eho7 (P<0.05). L
L ROERERTIZ RF %54 EEY, REH5aTOMAERT RF EREG LY bRproTc
(P<0.05). RF-L iZFai0sEHRE 54 45 S OFERFERE, RF ERE5 LRSS LI RF &5
# FEY, FROERHEE% 60 SOTERHIIVWTRF 5.1 0 &7 (P<0.05). BRE
i3, FRIOTECIOT, FEHEE% 60 3L 10120 40 RF-L 78 RF £#5 X Y bEVMEAITH-
7= (P<0.10). FHEOTETIIBZAERFL b RF &5 L ThTho RF REDUEMICEEEN 2
Dofe. Ta vt U EREEY, RF ERECHEIL T, FRIOFEICEWT, REF-S Tk 5%
180 S OFERENE MER Th -7 (P<0.10). RF-M TiZ# 544 45 1 L 1160 53 OFEAERFAMEL R
C\EThHY (P<0.10), #H5% 120 HSORERFVREVMER TH o7 (P<0.10). RF-L TiIH#E5HK 90 77
DFERECTEMEASRD b, #5144 120 S ORERSE -7 (P<0.05). FIRCFEROFEIC
BT, RF-S TIERHESHIORERSEVMERTHY (P<0.10), #5156 HORER FH>
7 (P<0.05). RF-M Ti3fREHESRIAE MERTH Y (P<0.10), #a54 30 /3 DOFARF =TIz
(P<0.05). RF-L TifikHa544 45 5 TEVERNH Y (P<0.10), #5854 60 53 OFERFI =
7= (P<0.05). BAEAIRESIX, RF ER5CL~, TATOfEHEEH% 30 00 RF-M MEWVMERTSH Y
(P<0.10), FHD#EEH% 909D RF-L MEVMER TH -7 (P<0.10).

7 B THEERIEE R L UHEEE ORI L ER 1-2-5 IR L. 7o E=TRERREIL
WFROAEIZBOT O, FHL bictkies®ER L, HB5% 16~45 ZOMTE—7IC
BLE. FOBRKBRLIIETL, $B5% 180 S ORER CITBSRIOKEL TR, FRIOHE
B\, &FERL S RF ER)E5 L2 21 FhO RF REOMICEREER o1, FROM
T, RF EHR5ZHE LT, RF-S BMasHe5% 180 oA TE< (P<0.05), RF-M 2
EEHEERT L #8 54% 60, 90 B L0 120 P OFERF TR o7z (P<0.05). FHLBLHREY, FRITI
WO & b EREHE S 30 5 TREMEE T L, TORIET L THRE% 90 o OFRER CTFE
WBERTOHESE FEl-7-. RFERSIZHELT, FRiORHEE% 45 5 OWER T RF-LAE
VMERTHY (P<0.10), 5% 90 5 OFERT RF-M BEho7z (P<0.05). FROZRER
Tit, fEHSEETT RF ERE L RF-S B LU RF-M 23@n>7 (P<0.05) 23, #E5HRDOEH
R TIE RF B/ 5 L ThTho RF #5OMICEBEEN 2o 1.

# 124 \ITE—BENRHEOBERE (W45 L BEEFHE) 2/~L7%. RF-S, REFEM B8XURF-L
DEKRE SO RF H#5 L b, E—BNRMAOEERT RF ER 5L TEHS (P<0.05), $—F
PR DEEREFRIE RF B 5 & 0 b o7 (P<0.05).
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FRBRITBT, 1 Y ORBRENL, SROERE L REX SDRpD RF #H#E5 Lz 3 4H
BHETD L, TOEINSOHLOOERE LY RF #51300R < 2otz AR TIIeEEE
DREFNEIAEAEC S < LIREL 2->TRY, &5 ICEESEORSFR b 5 REHE RS
FERIZ L2 b DO THoTz. BMERIL, FRIOBEOHEBIZ L V) OENELD Z LR ESH
T3} Y [Freer & Campling 1965; K& & 18 1968], M BB EERI DG ER CIIfmIZE < 722
v, 1EY7-VTI00HUTFE25Z L b 5([Freer & Campling 1965]. XAZBRIZIIT 2E—8
NEHTHHRBOUXR UL, FB-OEPTEHEOREIAERI 28 72 & OARIBIC LV 5%
&h5[Balch 1952; Ash & Kay 1959]. & Z AT, ARBRCHE L -F—HNERHAOBEEEL, &
BEICHB L TERTNOKE O RF 25 L7208 L b ERICES 2o TkY, ZOFRRD 1
2L LT, £ BB S RF OB ABIEROBERE 2 bh5. 372bh, RF ORE
& 0 E— BRI~ OISR AR E D, B ZBORMSESIME L TE—BRROE =8
B~DIHEEDI 2 EMEEESND. LB ->T, FRBRO L D 2FRSGMH T T, RF OREIC
I 0 E—BHBEA~OYERLRIRERASEML, RBROLERLOFBFEMeESNL LT, i
ERENTZESLFOEFHEIEF TN L RRIUTE 2 B DR A AV NS W T L D35
B TEERKB A — 2 BELNR2D 72D LIV, ZORITOWTITE bICEHleRR A
PVETHAD.

RBFEIERT AEEPICE TN D FROBENC LY E— BN TORE - HLLERY, £-8§
PEREE R Z — b Rk E ST B[0Gen  1967; Latham 5 1971] Z & i3—fRICE b TWA. =
DE—BIZRTDHBE Y — ORI, AECKEBEDY, REERAERREEZMIED DM
LV, EURARAERITOIEOIL, F-BREBAZ— 2 NBIICaY ba—ATHT 8D
MELR-TL B, BETIE, 7oA BRIORENERCE L RITT Z L efaf LIcmE
1372, L LAE—BNEBERE TOA ¥ VEARBD S® D Z LIC KV R ROUEN TSN
T 5[Baldwin & Allison 1983; Naruse & 1996]. —7F, 4TI, 7o 4 EAORERIIIE
RO T 25| = ¢ [Kajikawa & 1990]Z & h 5, EFEEFIOREE L ZERNHERFT 2 LB S
B ERRTEON TS, ARBRTIY, BR2OIKEIORF 2RELIZ3AEL LT 0 d B
RS, FRTOFHE TG4 45 BLUN60 5 2R FRERIBOT, BREOXRLFEED
LITER S % EEY, FHRORE TITTSTORERL bERSICHBR L TEHHEBL, RN
HERENRD ONHERE L ZThThOLBE L bhotz. BRO L SIZ, AFICIWTE—BA
REEN T T A BTIDFEE R — L BT LT, AEDRFEODIAREMNRDH Y, FIAFOR
HIEBIZ L > TEDEIUNTACH D EEXDND. LrLelb, FRRTHONIERILETT
i, AGDOE—F~D RF OBEIZL Y E—BISEEN 7o U4 BRI L 2 DI W TR L)
ICTES, REBIZBOT, WHIRTS RF ORENE -BNREE Y — D &) %
RISTODFERNRETL, o TOBIZ OV THERL TV 2L &7 5.

LI EDRERMND, ARBRICHR LIKE EDE2S RF OFT, RF-S #RE LT, ERE
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B LT, RS L OYER OCWikg %72 Y ORIBESRHISR < 2 2EMBH LN, F 8
N pH ICRISTREN DL, £, B—BNICET S VFA REERRGFL Y, T d BEO
HEeh T EBHEISR, ACRIAT S RF OoXE S & UTHETREN TS RF-S THRT
b LhmgIh.
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Table 1-2-1.  Chemical composition of concentrate and rice straw used in this experiment

Contents (% of dry matter)

Composition
Concentrate” Rice straw

Organic matter 95.0 88.6
Crude protein 13.1 5.8
Ether extract 2.9 24
Nitrogen free extract 76.2 52.8
Crude fiber 2.8 27.6
Organic cellular content 823 9.9
Organic cell wall 127 78.7
Crude ash 5.0 11.4

D Ogino-Special (flaking and meal, Kita-Nihon-Kumiai-Shiryo Co., Ltd.).
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Table 1-2-2.  Effects of size of dosing RF on feed intake and chewing time during eating and rumination in steers
fed with high concentrate diets

RF treatment”

Item Control"

RF-S” RF-M” RF-L?
Intake, kg/day
DM 52 £ 05 52 + 04 52 = 05 51 £ 0.5
OoCw 08 + 0.1 08 = 0.1 08 £ 0.1 08 = 0.1
Time spent, min/day
Eating 353 £ 7.2 39.2 + 10.7 321 £ 22 324 £ 34
Rumination 68.7 = 19.7 75.7 £ 13.2 75.9 + 24.0 956 + 16.9
Total chewing 103.9 + 21.7 1149 + 237 108.0 + 258 128.0 + 19.6
Chewing time, min/kg DM intake
Eating 69 £ 15 77 £ 28 62 + 038 63 = 09
Rumination 13.7 £ 54 148 + 38 149 + 5.7 187 £ 40
Total 206 = 6.2 225 £ 661 212 + 65 25.1 + 4.8
Chewing time, min/kg OCW intake
Eating 469 £ 99 528 +19.2 427 £ 5.5 434 = 6.2
Rumination 93.5 + 36.8 101.3 + 26.1 102.1 + 394 1283 + 26.7
Total 1404 = 42.1 1541 +452 7 1448 + 446 171.8 + 32.2

Values are mean =+ s.d. for four animals.

Asterisks are significantly different from control (TP<0. 10).

Y Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
? RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

) RF-S: small RF (hair transplantation: 80mm, diameter: 110mm), RF-M: medium RF (90mm, 130mm), RF-L: large
RF (100mm, 140mm).

DM: dry matter, OCW: organic cell wall.
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Fig. 1-2-1.  Hourly distribution of time spent for rumination on each treatment in steers fed with high
concentrate diets.

Values are mean + s.d. for four animals.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

RF-S: a treatment in which small RF (hair transplantation: 80mm, diameter: 110mm) was dosed into the rumen.
RF-M: a treatment in which medium RF (hair transplantation: 90mm, diameter: 130mm) was dosed into the rumen.
RF-L: a treatment in which large RF (hair transplantation: 100mm, diameter: 140mm) was dosed into the rumen.
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Table 1-2-3.  Effects of size of dosing RF on digestibility and nutrient content in steers fed with high concentrate
diets

RF treatment”
Item Control"
RF-S” RF-M” RF-L”
Digestibility (%)
Dry matter 854 x= 1.1 853 = 20 860 = 15 856 + 1.5
Organic matter 876 £ 1.5 877 + 14 882 + 12 878 = 1.4
Crude protein 820 + 2.1 817 £ 1.7 814 = 19 810 = 26
Ether extract 819 £ 4.2 80.7 £ 55 83.0 £ 1.2 816 + 46
Nitrogen free extract 908 = 1.1 91.1 = 0.9 915 £ 09 912 £ 10
Crude fiber 431 £ 124 426 + 11.8 465 + 7.5 451 + 3.8
Organic cellular content 9.2 £ 1.0 963 + 1.2 963 £ 07 9%6.0 + 1.2
Organic cell wall 404 + 43 406 = 48 41 + 74 427 £ 6.1
Nutrient content (%)
Total digestible nutrient 743 £ 1.3 743 £ 12 748 + 10 745 + 1.2
Digestible crude protein 91 £ 02 9.1 £ 0.2 9.1 £ 02 90 £ 03

Values are mean =+ s.d. for four animals.
! Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
% RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

) RF-S: small RF (hair transplantation; 80mm, diameter: 110mm), RF-M: medium RF (90mm, 130mm), RF-L: large
RF (100mm, 140mm),
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Fig. 1-2-2.  Diurnal changes in ruminal pH, total volatile fatty acids (VFA) concentration and ratio of acetic acid

to propionic acid (A/P ratio) of rumen fluid in steers fed with high concentrate diets.

Values are indicated means for four animals.
Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen,

RF-S: a treatment in which small RF (hair transplantation: 80mm, diameter: 110mm) was dosed into the rumen,
RF-M: a treatment in which medium RF (hair transplantation: 90mm, diameter: 130mm) was dosed into the rumen.
RF-L: a treatment in which large RF (hair transplantation: 100mm, diameter: 140mm) was dosed into the rumen.
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Fig. 1-2-3.  Diurnal changes in acetic acid (C2), propionic acid (C3) and butyric acid (C4) concentration of
rumen fluid in steers fed with high concentrate diets.

Values are indicated means for four animals.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

RF-S: a treatment in which small RF (hair transplantation: 80mm, diameter: 110mm) was dosed into the rumen.
RF-M: a treatment in which medium RF (hair transplantation: 90mm, diameter: 130mm) was dosed into the rumen.
RF-L: a treatment in which large RF (hair transplantation: 100mm, diameter: 140mm) was dosed into the rumen.
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Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

RF-S: a treatment in which small RF (hair transplantation: 80mm, diameter: 110mm) was dosed into the rumen.
RF-M: a treatment in which medium RF (hair transplantation; 90mm, diameter: 130mm) was dosed into the rumen.
RF-L: a treatment in which large RF (hair transplantation: 100mm, diameter: 140mm) was dosed into the rumen.
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Fig. 1-2-5.  Diurnal changes in NH;-N and lactic acid concentration of rumen fluid in steers fed with high
concentrate diets.

Values are indicated means for four animals.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

RF-S: a treatment in which small RF (hair transplantation: 80mm, diameter: 110mm) was dosed into the rumen.
RF-M: a treatment in which medium RF (hair transplantation: 90mm, diameter: 130mm) was dosed into the rumen.
RF-L: a treatment in which large RF (hair transplantation: 100mm, diameter: 140mm) was dosed into the rumen.
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Table 1-2-4. Effects of size of dosing RF on turnover rate and turnover time of ruminal fluid in steers fed
with high concentrate diets

2

RF treatment
Ttem Control”
RF-S¥ RF-M” RF-LY
Turnover rate (%/hr) 45 + 02 51+ 03 ° 51+ 02" 52+ 02"
Turnover time (hr) 222 + 09 196 £ 1.0~ 198 £ 10~ 191 + 08

Values are mean = s.d. for four animals.

Asterisks are significantly different from control (¥*P<0.05).

" Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
2 RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

) RF-S: small RF (hair transplantation: 80mm, diameter: 110mm), RF-M: medium RF (90mm, 130mm), RF-
L: large RF (100mm, 140mm).
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JEfAEL L AR OIS SEIS R FIE T 97 : 3 & L, #MERICXE TDN EREZ GG L. 1 HE
7= ORBRERTR L ORIEEERTIE, RF E&5 L 2hTho RF REOMICEEEN AT, &
Eusids L OMER OCWikg 47 ¥ OFAEMEEERTE, RF-S 23 RF BHE5 LV bR 2 2EHRIHED6
N, foxE EDRF #5 L RF EREOMICITEREN R o7, BREGTHILERIE, WTho
WY BISIERETH 7. E—BANpH X, 80, FEROMARFL b RF-L AMUDOLEL Y 10
IE<HES LT, # VFA JBEEZ, FFaTTI RF-L 2MEHA 5% 60~120 SSORERFCRHERL, F
% CIERHE 512 45 HORERLIE, WFhoXkE X0 RF &5 b RF E& 5% LR~ Bt/ 7
o e LB, FRTTIRIB KX SO RF 2#5 L7z 34#D 5 5, RF-S A RF #5859 H&E<
ot BNV, FETIZRF-S AT _CTOFEERL b RF 855 TR~ F—BPsE
DEEEEIE, VWPhoKkE SO RF #5L b RF BRI L TERICE»> 1. Zh bORBRD
5, MEIBEERA R TATIEREMAH Y, E—BW pH (L5X 2HE» P2, F—BWND VFA HE
NBIFLRY, 7u A BMRIOREEE R LIZ RF-S BMR4IFIAT 2 RF OXE & LTHOTH
BT LD INT.
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ELIRFAEERRD LT TAERTHY, FIRERRVEET 2T bR L ThD.

BRD &5 ICHFDIEBRETIY, HBEORESPHEDR LE BHY L T 5 7 OBEEEROREEEID
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D 1kg, FIIEERRORRTRIE 10% %653 560320 [ 1981].

BESEISIAIC & 5 AEE X T 5 - DICiIFE — BNOREFRES L Z L NEETHY,
FRU 72 ¥ OMEEHIZ DISBEER TEOITET 5 L Bbh s, HFAHOREIC L > TE—FRNEHDE
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THPAENFES L 72D & DI ABET D0 2BHC TN TEY M T, FRBROBBRBAIFOEE (F
HE AR 13, 38k 1 Tk 318+=8kg, Bk 2 Tik 383+ 11kg I LURER 3 TIZ 464+ 31kg
Thotz. RF OF5EHE, 1884729 3L L, RF ERARESREAVWTRARS LI-. RF O
ERE, BER 1 OTEEIRLS 1 RN ERE Lz 7ok, ARSIV VHEAT, EA% 258
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Bz, FHRIOLY B IBIBE AR L TRa T o7

PERASRR} & TR

e 1Tl BESEE UTHIRORESER (a4  FFBERA T YL, dLEES HZHV G
B %, HEREE LTRRD 72 AV e, IRESIRIOFAEIOESEIEIE, BE (hvEraly,
KAL) 49%, FBEE (a—2 I NT 74— R, Keaptt) 30%, HEMptERAAER (REin) 14%
BXOEOM (REEIL D L, FEEM) 7% Thole. Y 130 v F—ORETWTEE 2cm & L
THIEI L= b &, 50T 30cm (ZEIr L= b D& 45 L.

B 2 T, BEERLE LT 1 B8 2 8L REROTIROELS IR (famsk @ A% ATy,
FEEEL BHVEREREH) %2, L LTRY ZETAT 7 AT 7oA T2 —T 2. Tl
U FAERER 1 & FHEIC 2om (ZEIET L TR G- LT, 7ok, MEBRBHI T A7 7 VT 7oA F o —T &fes
L& &, ([ HFeHEFCEIROERIBO SN2, TAT 7 AT 7~ A Fa—THEHERITD
WTEHLET 5L e L.

HER 3 TIT, BEERE LTS 2 TR Lol OEC Ak, HEHE LTRY 7 2 AV
FRU Z13588% 1 L FHRIC LT 2em & 30cm (80T L TAV Y.

ERBRTRIT AEREIOREEIY, ThENO THRABERT R IS FOFELZRIEL, TOFE
o ELYE T A AERIZYE - WAEIBHOKEES BHOKERITSHEER 19901 AliHEENHE

(TDN) ERETHE R R 1.4kg 2F2ET D BZHE Liz. ZORE, G0 OCW & &3 FiiE
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(2, 288 DY LTV (YU INVEROKEDDEHE) OITEVETERL, ThE 2[ERE U8R
) Uiz, fTBIRPTRRCRTER LI T8, SRHERITENE RUBITENE L. 72k, SMEHERRROIEMR
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ETEHERM & BRI E L TR, 7, (GEERROEBIEL, THfEELIITL GREL
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LR L ks JUSEDHHT

FRBRELAHIAENSTABRET G AM), 1B 26 (AT 108 L T4 6 ) KUEF0E
PR U LD, 1S 28 L ARIORARRS TR S 8718, DIMECTHRLTE
BCHREFELE
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38



DEEHE SRR L UEEHAS 1 4, 8 BI VN 128H B GH4R) (RAAT—7 (BrEmes (T
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BEOHEY, 5F51EH 28 L FRRFETERLL.
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#3,6, 9 12, 15, 18 21 BLU 248 GHOED & L. BERULE -BRREKT, —BEV—
FTAHBEIZ-30°C THEE L TRIF L.

Co HHTid, %13 28 L FRC, HRR B L URFRBEER ZAWTTY, Cod
EORFRBRITRY OB —BROIRMEOBEERE (BE:R) 2R,
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BB OB ONT—#1T, BR5FHEFPO OCW SEBIURRY 7 0UIHR Z 212, Student
D t-KEZ AT RF &5 L RF #5OQEFOHER LB L. 708, 5%LUT OERFRITH
HEOEEENDHD L L, BIRE 10%L TOGEIHERNH S & L.
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Table 2-1.  Ratio and chemical composition of diet in each experiment

Item Experiment 1 Experiment 2 Experiment 3

Diet ratio, as fed basis %

Concentrate " 83

Concentrate * 80 91
Rice straw 17 20 9

Chemical composition, as fed basis %

Organic matter 75.4 81.3 82.6
Crude protein 11.5 9.1 9.9
Ether extract 3.7 3.5 3.7
Nitrogen free extract 49.0 60.3 63.7
Crude fiber 11.2 8.5 5.2
Organic cellular content 50.4 61.1 67.6
Organic cell wall 25.0 20.2 15.0
Crude ash 8.1 6.8 5.4

D Koushi-Ikusei-Special (flaking and meal, Kita-Nihon-Kumiai-Shiryo Co., Ltd.).
2 Ogino-Special (flaking and meal, Kita-Nihon-Kumiai-Shiryo Co., Ltd.).
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B L RBREOIEMEIFR AR L7z, 1 RS20 0ol JONOCW ElEIY, SR L LIZIEE LU Th
o7 1 BY7 0 OfEHERRHIT, RF Eiks, RFREL LIZIERMIZETHY, LEBREITEL D
2hote. 1 B %7 ORBRFER L OVIASETEIY, RF &5 40345, 5934, RF #5399 47,
586 3 ThHY, FUHEL HIRIMETH -7z, BRI LU OCWikg 47 OB &
UVAIEIBEFEIZ OV T S, EBRICEEEN ot

£ 2:1-2121X OCW15%faEr (REWHRY 7) #a5RACIoT 21 TEIRAERFOFEHERER JUEA
& RBRFOMEMERFRZ R Lz, 1 B2 ORI LU OCW EREY, S4EL bEISETHY, 1
A 472V OfEHERRNT, QEEMISE D27, 1 B %72 0 OB KL UKESERI,
RF 85 303 43, 4344, RE#®E 27945, 414 55 ThHY, FLEBL LIZFIFREThH 7. EREL
¥ L OYER OCW1kg %72 Y OBRFHIRS JUMHERFRIC OV T, RF R 5. RF #5038
ICEEEIBRD bhviehoT-.

# 2-1-3 121X OCW25% kL (REMTHETY 7) #a5RAIIST) 2038 2 & D& TE LR L USEE
iR L. FRENORGTEERIY, RF E&5 L RF REOUEMICEEEN 20 o7 TDN B
JUFHEHERE (DCP) (22T, LERICENRZ2IHEF L Tho7e.

F 214 17X OCWI5%EEL (REMTTRY 7) #aERRIIT DR T L DRI LU
fEmR Lz, TNENOSHEEERT, S0EE HISITREThH- - O LR, SuEL
HLADHEEERL 2o @BERH Y, BRUR FERE oo, FRRIC, OCW OiMLEL, RF &
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DCP (22T, AR ED 2D o7z,
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FrOB(bLERL, KRERFE LABERICEREN 2D »T-. ¥ VFA BEY, FaiofkHaEs% 4 5
I B OFERFICIW T RF &85 59 L REBESEN -7 (P<0.05). EFELBEL, R VFAREL
AR AFRTOERE 5% 405 B OFRERF CRFER S LV L RFBRE B MER TH 7= (P<0.10).
Tu AR L UBKBRIE Y, SEARSE b RF £55 L RF B 5ONBERICEREEN b oT-.

OCW15%£Et (REMFET 7) fabiucil) 2 BBBNE—Br pH, # VFA BER LU% VFA
BE AR ORFYELE K 2-1-4~2- 16 IZENEIUR L. BB pH L, ML bFaiE
HBOFRKESHITIRT L, 0% EHT2 BANEBZ R L. FRI0FRHGE5% 3 LU 9REMB D
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BRIERCIIRFERE L0 b RER50MED o 72 (P<0.05) . # VFA BT, RF E#: 555 45~90mM
/L, RF #5723 65~100mM, /L OFFH THB L, TFaiofiEkasik 6 BH B OFFER T RF #&55
@hotz (P<0.05). % VFAREICOWTY, # VFARE LFRC, FRlOEEHEE4% 6 BFEE
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L, BRERE bOERICEEEN 2ot
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WCHEBEZITRO b o7

% =
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BT T, SRR E— B 0 A B R ER S FNHE L Qe Z 3B 2 D
N, RERBORROHERLEFHFET S RF OREICLDEEITTL A LRODHE LR,

—RT, 1 B 70 ORI OBRE DB > TEHE S5 [Gordon 1965, Welch
& Smith 19691 = & 23 TW5. [EAR[1979)id, RBITE L HLEEIE & DR ERET 5720,
8 BB DRI DB EREREL T Y VORBITEIAREL, REOREFEDBIIZHN1 BO
RBESTANNEL 72 B Z L B WE L. AR THRUEHRED FH5RHIRWT, FOEERH OCW
EB% 25%h 5 16%ITET LHE, 1 A X720 ORUBRIEIISLAE L b 100 HfE<2Y, Y
T DI GBI & BRI ORI FERSh, bromE s &Ll

B ERPESND 1 B2 ORI, &\ EEERE TS LT\ 5 & & T 8~10 RffITE YT
% L3 XN T 3[Gordon 1965; Welch & Smith 1969; [@4< 1979a, 1991). Gordon[1965)i%, IE
HIRABRRGE LT 500 DIRENMLETHDH Z L EHE Lz, FRBRORUETREY 758875
1 B¥%7- 0 ORBEENE, OCW25%EEHESEFCId 400 /7ATR L, HAREOREIMELN TV
73, OCW15%EREHAEGEFTIZ 280~300 5 CTH Y, T DOHfRRHG SR CORBRRD S L 72
7= BB DB IERSWOETIC & 0 BN pH OEFEHIEELZ RIETZ ENBEZ OND.
LML s, ARBRTO OCWIS%EREHG SRFDE B pH i3, S & bEHESRITIET
BYHLOM, FOHER L TREMGSRIOEIEE TEET 2 BNESZRL TV, Z0% BN pH
DRERLEDE—FRNORBEEROFERND, OCWIb%ERHESRORBRFHTLE BN pH ©
BEMS HAEEMEFCE A7 LAHERENT-. Obara 5[1994li%, F—B 7 4 AT NVEEEERG%
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A, LEBORY T (06kg) LZEORESH (10.0kg) a5 LIFRIRETIZRIT 28BN
DOREEAEREFIHOICTEE Lz, Thuc ks L, BESBOZEREIC X D5 -BIREEED H NS
i, FHRHAEDREEYZT, REREB YL R L2 EniiE &h, BERRIERT CHED
FBY ZH5AZ bbb OB BHEED RIFIRREIZHERF &4, #55 L7z 60cm FEDFRY T DB
PR & 0 B—-HOER), HEROWER UG WKEIHO & O BRSO SRR 5 2 &
PTEEEBEL TS,

1 EE 2HITROT, B BRI EEREIT RF ORI LV FRBIEE o7z L Lienih,
RUWHRD 7458 (OCWI15%EREHEERE) OERERITERS, RF&REL LIITRALTHY, L&
T 3720tz B - BADBBEEICRITT RF B 50OREN 2 DORBR TR IERE 2o
FEED 12 LT, M GRUT) OREEDEORELOND. F1EF 28H0RBTIL1A
W70 0.14~0.19kg D 2cm FIEFRRD 7 &5 L T, OCWI15%ERHES5HF Tt 0.8~1.0kg &
5B EETH -7, ZOFY T OREEDENT L Y E— B o 8RB DR
FERL OCWIS%ETERHA SR TIIFMITH Y, RF OYBBERIBISRESINZ b 2 L MRS
na.
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Table 2-1-1.  Effects of RF dosing on feed intake and chewing time during eating and rumination in steers
fed concentrate and rice straw at long length (under 25% organic cell wall as fed basis)

Item Control” RF treatment” Difference

Intake, kg/day

DM 75 £ 06 77 £ 0S5 NS

OCwW 22 £ 0.2 23 £ 02 NS
Time spent, min/day

Eating 1894 =+ 232 186.7 = 70.0 NS

Rumination 403.1 + 253 3992 = 60.2 NS

Total chewing 5925 + 9.1 585.8 + 108.8 NS
Chewing time, min/kg DM intake

Eating 253 + 28 238 + 83 NS

Rumination 541 = 6.3 509 £ 45 NS

Total 794 + 6.0 747 = 106 NS
Chewing time, min/kg OCW intake

Eating 85.1 + 102 796 = 278 NS

Rumination 1820 = 221 170.1 + 150 NS

Total 267.1 = 225 2496 + 353 NS

Values are mean =+ s.d. for four animals.
D Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
) RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

DM: dry matter, OCW: organic cell wall, NS: not statistically significant (P=0.10),
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Table 2-1-2.  Effects of RF dosing on feed intake and chewing time during eating and rumination in steers
fed concentrate and rice straw at long length (under 15% organic cell wall as fed basis)

Item Control? RF treatment? Difference

Intake, kg/day

DM 89 £ 03 89 £ 03 NS

OoCwW 1.5 £ 0.1 15 £ 0.1 NS
Time spent, min/day

Eating 1306 += 220 1344 = 230 NS

Rumination 303.1 £ 474 2794 = 2638 NS

Total chewing 4338 £+ 543 4138 + 176 NS
Chewing time, min/kg DM intake

Eating 148 £+ 29 151 = 23 NS

Rumination 342 = 63 316 =+ 4.0 NS

Total 490 = 79 467 £ 32 NS
Chewing time, min/kg OCW intake

Eating 866 = 17.3 889 + 133 NS

Rumination 2009 = 370 1859 = 240 NS

Total 2875 *+ 465 2748 + 187 NS

Values are mean = s.d. for four animals.
Y Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
? RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

DM: dry matter, OCW: organic cell wall, NS: not statistically significant (P =0.10).
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Table 2-1-3.  Effects of RF dosing on digestibility and nutrient content in steers fed with concentrate
and rice straw at long length (under 25% organic cell wall as fed basis)

Item Control" RF treatment” Difference
Digestibility (%)
Dry matter 622 + 27 615 = 29 NS
Organic matter 648 + 30 639 = 29 NS
Crude protein 60.7 = 6.0 596 + 3.5 NS
Ether extract 715 = 8.1 699 = 3.0 NS
Nitrogen free extract 736 = 26 727 £ 32 NS
Crude fiber 280 = 5.7 277 + 54 NS
Organic cellular content 818 = 37 825 = 25 NS
Organic cell wall 303 = 27 264 £ 49 NS
Nutrient content (%)
Total digestible nutrient 522 = 24 514 = 21 NS
Digestible crude protein 70 = 07 68 + 04 NS

Values are mean + s.d. for four animals.
" Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
? RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

NS: not statistically significant (P=0.10).
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Table 2-1-4.  Effects of RF dosing on digestibility and nutrient content in steers fed with concentrate
and rice straw at long length (under 15% organic cell wall as fed basis)

Item Control” RF treatment” Difference
Digestibility (%)
Dry matter 558 = 50 540 £ 62 NS
Organic matter 586 = 5.1 568 = 64 NS
Crude protein 414 + 34 408 + 114 NS
Ether extract 753 = 34 735 = 42 NS
Nitrogen free extract 668 £ 62 640 + 6.6 NS
Crude fiber 55 £ 42 55 £ 99 NS
Organic cellular content 771 £ 4.1 769 £+ 6.1 NS
Organic cell wall 00 = 00 00 + 0.0 NS
Nutrient content (%)
Total digestible nutrient 540 = 35 530 = 4.1 NS
Digestible crude protein 41 += 03 40 = 11 NS

Values are mean + s.d. for four animals.
 Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the ramen.
D RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

NS: not statistically significant (P=0.10).

47



9.0 - | feeding | feeding

8.0 -
% 7.0 - 6§ i ~ :
6.0 -
S.0 -
4.0 T T T 1

150 -

[a—y
(=) \O [
(=) > (=)
3 1 3
*

Total VFA (mM)
()
S

=]

3.0

A/P ratio
-
()

0 4 8 12

Time after morning feeding (hr)

Fig. 2-1-1.  Diurnal changes in ruminal pH, total volatile fatty acids (VFA) concentration and ratio of
acetic acid to propionic acid (A/P ratio) of rumen fluid in steers fed with concentrate and rice straw at long
length (under 25% organic cell wall as fed basis).

Values are indicated means =+ s.d. for four animals.
O: Control, @: RF treatment.
Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
*: P<0.05.
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Fig. 2-1-2.  Diurnal changes in acetic acid (C2), propionic acid (C3) and butyric acid (C4) concentration
of rumen fluid in steers fed with concentrate and rice straw at long length (under 25% organic cell wall as
fed basis).

Values are indicated means + s.d. for four animals.

O: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
1. p<0.10.
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Fig. 2-1-3.  Diurnal changes in molar compositon of acetic acid (C2), propionic acid (C3) and butyric acid
(C4) of rumen fluid in steers fed with concentrate and rice straw at long length (under 25% organic cell
wall as fed basis).

Values are indicated means + s.d. for four animals.

O: Control, @: RF treatment.

Control; a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
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Fig. 2-1-4.  Diurnal changes in ruminal pH, total volatile fatty acids (VFA) concentration and ratio of
acetic acid to propionic acid (A/P ratio) of rumen fluid in steers fed with concentrate and rice straw at long
length (under 15% organic cell wall as fed basis).

Values are indicated means =+ s.d. for four animals.
O: Control, @: RF treatment.
Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
*: P<0.05.
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Fig. 2-1-5.  Diurnal changes in acetic acid (C2), propionic acid (C3) and butyric acid (C4) concentration
of rumen fluid in steers fed with concentrate and rice straw at long length (under 15% organic cell wall as
fed basis).

Values are indicated means + s.d. for four animals.
O: Control, @: RF treatment.
Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
*: P<0.05,
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Fig. 2-1-6.  Diurnal changes in molar compositon of acetic acid (C2), propionic acid (C3) and butyric acid
(C4) of rumen fluid in steers fed with concentrate and rice straw at long length (under 15% organic cell
wall as fed basis).

Values are indicated means =+ s.d. for four animals.

O: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
1. p<0.10.

53



20 - | feeding | feeding

5 15 - JL_
g
ZIO-
0 1 ; T !

0 4 8 12

Time after morning feeding (hr)

Fig. 2-1-7.  Diurnal changes in NH;-N concentration of rumen fluid in steers fed with concentrate and
rice straw at long length (under 25% organic cell wall as fed basis).

Values are indicated means =+ s.d. for four animals.

O: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the ramen.
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Table 2-1-5.  Effects of RF dosing on turnover rate and turnover time of ruminal fluid in steers fed
concentrate and rice straw at long length (under 15% organic cell wall as fed basis)

Item Control” RF treatment” Difference
Turnover rate (%/hr) 80 £ 1.6 83 = 1.0 NS
Turnover time (hr) 128 + 27 122 = 14 NS

Values are mean + s.d. for four animals.
D Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
) RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

NS: not statistically significant (P=0.10).
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T RF 5585 h o7 (P<0.05). FELEEIZOWTIE, R4 LY 40~60mM,/ L OFFETHY,
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Table 2-2-1.  Effects of RF dosing on feed intake and chewing time during eating and rumination in steers
fed concentrate and rice straw at short length (under 25% organic cell wall as fed basis)

Item Control” RF treatment” Difference
Intake, kg/day
DM 75 £ 05 77 £ 05 NS
OoCw 22 % 0.2 23 = 0.2 NS
Time spent, min/day
Eating 1383 + 366 1200 = 50 NS
Rumination 4067 + 45.1 3933 = 946 NS
Total chewing 5450 = 723 5133 £ 90.0 NS
Chewing time, min/kg DM intake
Eating 189 + 42 160 + 1.7 NS
Rumination 559 &+ 40 519 £ 109 NS
Total 748 * 6.2 678 £ 100 NS
Chewing time, min/kg OCW intake
Eating 633 + 139 534 =+ 5.7 NS
Rumination 186.7 = 134 1734 + 363 NS
Total 2500 £ 205 2268 + 335 NS

Values are mean =+ s.d. for four animals.
Y Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
D RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

DM: dry matter, OCW: organic cell wall, NS: not statistically significant (P=0.10).
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Table 2-2-2.  Effects of RF dosing on feed intake and chewing time during eating and rumination in steers
fed concentrate and rice straw at short length (under 20% organic cell wall as fed basis)

Item Control" RF treatment” Difference
Intake, kg/day
DM 83 = 04 79 £ 08 NS
oCcwW 19 = 0.1 1.8 £ 02 NS
Time spent, min/day
Eating 769 £ 94 794 + 156 NS
Rumination 2844 + 368 2838 + 775 NS
Total chewing 3613 = 407 363.1 £ 841 NS
Chewing time, min/kg DM intake
Eating 93 + 09 100 =+ 1.2 NS
Rumination 344 + 46 365 + 115 NS
Total 437 =+ 49 46,6 + 12.1 NS
Chewing time, min/kg OCW intake
Eating 404 = 4.1 438 + 5.1 NS
Rumination 1498 + 20.0 1594 = 507 NS
Total 1903 = 212 2032 = 535 NS

Values are mean =+ s.d. for four animals.
1 Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
9 RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

DM: dry matter, OCW: organic cell wall, NS: not statistically significant (P =0.10).
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Table 2-2-3.  Effects of RF dosing on feed intake and chewing time during eating and rumination in steers
fed concentrate and rice straw at short length (under 15% organic cell wall as fed basis)

Item Control” RF treatment” Difference
Intake, kg/day
DM 88 = 05 87 + 04 NS
OCW 15 = 01 15 £ 0.1 NS
Time spent, min/day
Eating 83.1 + 139 8.0 = 201 NS
Rumination 2913 = 496 2831 * 913 NS
Total chewing 3744 + 47.7 363.1 £ 109.8 NS
Chewing time, min/kg DM intake
Eating 95 = 21 92 + 25 NS
Rumination 329 + 5.0 324 = 104 NS
Total 424 = 54 416 + 126 NS
Chewing time, min/kg OCW intake
Eating 572 £ 154 558 =+ 177 NS
Rumination 1970 + 293 1964 = 69.5 NS
Total 2542 = 357 2522 = 86.1 NS

Values are mean = s.d. for four animals.
D Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
2 RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

DM: dry matter, OCW: organic cell wall, NS: not statistically significant (P=0.10).
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Table 2-2-4.  Effects of RF dosing on digestibility and nutrient content in steers fed with concentrate
and rice straw at short length (under 25% organic cell wall as fed basis)

Item Control® RF treatment® Difference
Digestibility (%)
Dry matter 619 += 27 612 = 35 NS
Organic matter 641 £ 26 63.7 = 37 NS
Crude protein 615 £ 58 593 + 3.0 NS
Ether extract 709 £ 6.5 684 + 55 NS
Nitrogen free extract 722 £ 30 727 £ 28 NS
Crude fiber 288 £ 6.3 273 £ 96 NS
Organic cellular content 823 = 16 825 £ 35 NS
Organic cell wall 278 £ 6.1 257 = 4.7 NS
Nutrient content (%)
Total digestible nutrient 516 = 20 512 £ 30 NS
Digestible crude protein 71 £ 07 68 = 03 NS

Values are mean =+ s.d. for four animals.
Y Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
? RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

NS: not statistically significant (P=0.10).
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Table 2-2-5.  Effects of RF dosing on digestibility and nutrient content in steers fed with concentrate
and rice straw at short length (under 20% organic cell wall as fed basis)

Item Control” RF treatment® Difference
Digestibility (%)
Dry matter 658 += 3.0 673 + 3.5 NS
Organic matter 692 + 33 706 + 3.8 NS
Crude protein 519 + 87 500 + 4.9 NS
Ether extract 792 + 28 796 + 24 NS
Nitrogen free extract 786 = 3.7 806 + 44 NS
Crude fiber 206 = 96 225 * 53 NS
Organic cellular content 862 = 3.1 877 + 3.1 NS
Organic cell wall 198 = 39 239 + 66 NS
Nutrient content (%)
Total digestible nutrient 602 = 3.2 619 = 30 NS
Digestible crude protein 47 + 038 45 £ 04 NS

Values are mean + s.d. for four animals.
Y Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
? RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

NS: not statistically significant (P=0.10).
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Table 2-2-6.  Effects of RF dosing on digestibility and nutrient content in steers fed with concentrate
and rice straw at short length (under 15% organic cell wall as fed basis)

Item Control" RF treatment® Difference
Digestibility (%)
Dry matter 659 + 44 621 = 34 NS
Organic matter 684 = 43 644 = 34 NS
Crude protein 48.1 + 10.1 544 + 76 NS
Ether extract 783 = 34 779 + 1.8 NS
Nitrogen free extract 753 = 40 699 + 26 P<0.10
Crude fiber 210 £ 97 144 + 141 NS
Organic cellular content 836 = 21 797 £ 24 P<0.05
Organic cell wall 44 + 5.1 16 £ 33 NS
Nutrient content (%)
Total digestible nutrient 603 += 38 574 + 28 NS
Digestible crude protein 48 = 1.1 54 £ 038 NS

Values are mean + s.d. for four animals.
Y Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
?) RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

NS: not statistically significant (P=0.10).
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Fig. 2-2-1.  Diurnal changes in ruminal pH, total volatile fatty acids (VFA) concentration and ratio of
acetic acid to propionic acid (A/P ratio) of rumen fluid in steers fed with concentrate and rice straw at short
length (under 25% organic cell wall as fed basis).

Values are indicated means + s.d. for four animals.

O: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
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Fig. 2-2-2.  Diurnal changes in acetic acid (C2), propionic acid (C3) and butyric acid (C4) concentration
of rumen fluid in steers fed with concentrate and rice straw at short length (under 25% organic cell wall as
fed basis).

Values are indicated means + s.d, for four animals.

O: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
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Fig. 2-2-3.  Diurnal changes in molar composition of acetic acid (C2), propionic acid (C3) and butyric
acid (C4) of rumen fluid in steers fed with concentrate and rice straw at short length (under 25% organic
cell wall as fed basis).

Values are indicated means =+ s.d. for four animals.

Q: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
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Fig. 2-2-4.  Diurnal changes in ruminal pH, total volatile fatty acids (VFA) concentration and ratio of
acetic acid to propionic acid (A/P ratio) of rumen fluid in steers fed with concentrate and rice straw at short
length (under 20% organic cell wall as fed basis).

Values are indicated means + s.d. for four animals.

O: Control, @: RF treatment.

Control; a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
1. P<0.10, *: P<0.05.
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Fig. 2-2-5.  Diurnal changes in acetic acid (C2), propionic acid (C3) and butyric acid (C4) concentration
of rumen fluid in steers fed with concentrate and rice straw at short length (under 20% organic cell wall as
fed basis).

Values are indicated means + s.d. for four animals.

Q: Control, @: RF treatment,

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
1. P<0.10, *: P<0.05.
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Fig. 2.2-6.  Diurnal changes in molar composition of acetic acid (C2), propionic acid (C3) and butyric
acid (C4) of rumen fluid in steers fed with concentrate and rice straw at short length (under 20% organic
cell wall as fed basis).

Values are indicated means = s.d. for four animals.
Q: Control, @: RF treatment.
Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
*: P<0.05.
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Fig. 2-2-7.  Diurnal changes in ruminal pH, total volatile fatty acids (VFA) concentration and ratio of
acetic acid to propionic acid (A/P ratio) of rumen fluid in steers fed with concentrate and rice straw at short
length (under 15% organic cell wall as fed basis).

Values are indicated means + s.d. for four animals.
O: Control, @: RF treatment.
Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
*: P<0.05.
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Fig. 2-2-8.  Diurnal changes in acetic acid (C2), propionic acid (C3) and butyric acid (C4) concentration
of rumen fluid in steers fed with concentrate and rice straw at short length (under 15% organic cell wall as
fed basis).

Values are indicated means + s.d. for four animals.

O: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
T. P<0.10, *: P<0.05.
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Fig. 2-2-9.  Diurnal changes in molar composition of acetic acid (C2), propionic acid (C3) and butyric
acid (C4) of rumen fluid in steers fed with concentrate and rice straw at short length (under 15% organic
cell wall as fed basis).

Values are indicated means + s.d. for four animals.

Q: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
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Fig. 2-2-10.  Diurnal changes in NH;-N concentration of rumen fluid in steers fed with concentrate and
rice straw at short (SRS) length (under 25% and 20% organic cell wall as fed basis).

Values are indicated means + s.d. for four animals.

O: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.



Table 2-2-7.  Effects of RF dosing on turnover rate and turnover time of ruminal fluid in steers fed
concentrate and rice straw at short length (under 20% and 15% organic cell wall as fed basis)

Item Control" RF treatment® Difference
OCW 20%
Turnover rate (%/hr) 102 £ 09 92 +£ 10 NS
Turnover time (hr) 99 = 1.0 110 = 1.2 NS
OCW 15%
Turnover rate (%/hr) 83 = 25 83 £ 07 NS
Turnover time (hr) 129 + 3.7 122 + 1.0 NS

Values are mean + s.d. for four animals.
Y Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
) RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

NS: not statistically significant (P=0.10).
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BEEERISREETIZBOT, HRERREEIEDRL DR 245 LT, fElFo OCW 2 E%
Ex =L =D RF ORENREREE, L £ -BN0REERS OSBRI BEEEIC
RIS THEITOWVTRET LT, BNAVR Y A LB ST KB GBR 1, 2BX0°3) ITHEEAL
7o, WEL UTRF #%5 LV wHBOFE RF BiE) LHRET48 RFRE) I, #R1H
MEHZEN TN A4BET OBV YTz, RF REOMHERAIT 1 847 3 D RF %38k 1 OTHH
Bt 1BRAMCIRE Uiz, SaEHImiRERGfIRt L ikt : LTREY 7 (BE @ 30cm & 2cm) & 77
NTFNT 7oA Fa—T AV, FRORERIIEHERE LIBFAE 1.4kg K2 T5 TDN E
REL L, FAEPOOCW SBPSFYHRE T 25% FBk1), 20% GRR2) BLUV15% R 3)
& 725 & O \TRESE L AR SIS AT Uiz, 1 A %7 D OIS JUKERSREEI,
fAEHF OCW SEfR Y 7 DUIROEBOIC LD BFBIEHET & b, RF OREIZ X D8N 20>-
2. BOTHERIZOWTIY, OCWIs%EREL (EEINHEY 7) #55850 NFE 36 L1 0CC DIt
RF D#EIZE VIETTHEOTH 7228, MOTRIRE T TIISLE L BIHIFR U Tholz. F—
BNOREBAENT, SR TICBWT REF B 5 L RF 5 OAEMICKE 8 IS0 b
Doz, BB PRFBDERERIZ OV T, BEIEISRE FIZIW T RF OREIZ L SN2 o7z
2B, BER 2 1ITRWT, HEEHCT LT 7T 7oA Fa—T ERKeE LIz L %, RF OFEICEHR:
BHRERRAE L. THOOTERERND, WEEFRIZESEH TORHFIINT, YIBTRICEHER
< 08kg LA EDRRY T 2405 LTo5E, RBRSRH, TMIEE, £ -BH0REAERS JU%E —BrakiE
DEBBEEIRT D RF REDFBNI L AL LHERESh, —EBUEORRY 7546575
FREISE T THEE RO OCW S E %KL LTH RF OF - B~0OyERESaE I BnIc Oz E
DRI T,
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SBHEMER Y DS B2 D IR ARG SR T IR B
RABREE, % -BAREAERG L OB —ENEEEEII KT TR

w =

AAAFEICRO T, WHED RIS R S 2 1 DI IEB M P ORI IEEZ 2 b
—N L, ¥z, TRUXF—ROM EE B L CEEHORESREIOEIS % & B EE S —
ThHY, REHEIK LA AT LEELD. &b, EBROERHITIY, BEEEEFC LR
[EEREINSBITIRE Sh, HEEIOME FBHIRT 28 AT 2T T\ 5. JEBEHOM
ERBIORR KRR LA, BAOKREIXRIHI DTS 19961L Shn T 5. ZOFREIS,
BEEEIORESEIANEE D L, B-FROT 1 A L EBEOEALLRNEE Y, B4R L UE
EOSEITL, 2, BN TOMERIIIDTHR, TEHLETOBEENEEY, BRNCE
BB ORI E L T R —RPRE SN D 2D Th 2 BHKES BWKESINTRHS
5/ 1995] L HEEENS.

RBFRSCIOTHERNE, &R LT, 5 BE~OWELREm L LT, EEMR
FIRE L TWAZENELHMBN TS, FHZ, [REHESTRY 7 Lo T BB ORERHT, 3
BEME D B\ MABHI L CRIRHEY 1kg %720 OEME - RBBEHARWZ LBMEENL TS
[Sudweeks & 1981]. Bk & el R EER LI EBHICHIT DR AT LTI, BER
BRARD T L\ o I SRR ORI HIR SN2 03 DG &, W4OEBRERRFITo 2L %
FEME LTHASh TS, 20X ) RASOIEEHTOFREL AT L TIE, iR E L
T T, HEES b DE— B 2 R0l ER D & BIR T SIS & B DD,
L7eisoT, B—-F~DOYBEARIHHESL ) RIET 2EET 272013, LEEREHEONE ORI
BB TH I OMEER D Z ENFRETHD B2 bND.

LIAT, RBFLBCBIAE-BADIEREY, F-BRE EENE, ERHWBEIUHVRO
& AEEERIC K W IFESN T A [Obara & 1994]. f8FENE, ZOBEEORARICEVE—F
BEZABRAIZHIE L, FOBMAVAESORBIZ LY F-BABTYEIRMSE, IBripEsE
BEREETBIPH 19811 E X b, EbiZ, & BREMORFN IR REFRBEOETE
PHIL, E-RBREOSBOEEHINC LD E—BNREOBEOMM L2 HIE 2R EFHES D
(4t 19811 B s, Lieid-> T, AR E T 558 - BIoa3 2B i ER 2 &35
BES TR S5 —FHEAE RF) OBRERAIZRIT 58 —FROEEHI KT TR O
TOMRE/DZENPVETH D LBbh 5.

E2EIRT, BEFBEZSHRLTRY 725 51EE (1 B0/ TO08kg LIE) #5 L7
L &= OP4~D RF OR5IT, AR, WHEE, B-BROREEERE L OE—8PiRaE0EEE
BB E RITE RN EBBALE 2ot L Uedi b, FEY 772 K ORI & 2R ke



543, BT ROREREOARERE T DEERMG T TORFIZINT, RF 25 L KARRRE
—ENDFBEER A & L OBHRZ OV TIEERICAL I STV EHIT, RAFFRICE
LT, REMACEE RENABIUCETNARERONE (BE, 1) (BRI L0E
ZBNBDT, EEEFRIROBHENER SR DERISE T TD RF ORSICET IRETLLETD
L EEbhB.

FITAE (FI3E) T, BADEMEMRS OBREFRN BR S LR TR A4
~® RF D55, F—8AOREMERE LU —B PRI OBREHRE RIS o
THET D70, FH1HL LT, SRy 2 U R e S 4 TR\ T, $2HiL
LT, (MR Y OIFEIRH BAIG 5 LT R TIZRW T, EREURRT LTz
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EIEFIE

HHEMERR SRR S T IREERRHIRG 5 TIC kT B
AR, REATMEER, F-BNEEERES LU —BrESdE i R iE 78

RAFHBCR TR, FRIRE LTOREIL T, E—BHE~0yBiefiigtn s LT
DEREIBAELTNDZ EBMLN TS, BT, REEESRY 7 L\ o - BEREHEOEENS, 5
— BRI 2B RIBIEAR®R L, KBOREFD S5 1987 Lugnbubl & 1989
Beauchemin & 1994)iZ & ZHEROHW /2 EE—BNDORE LI-HEE LR T D TOILETH D
LRBbh3s.

RBFBOE BB 2 WEAAEAR L L THRIN TW 5 E—BREAE RF) OFIA
2 & 0 AFOE—BRIE~OMER L RIRIER 248 5 T LT iud, RERERY 772 & OXER|
M3 DHEE RS Lo WERIREE TRV ThH, F—B0EEEE2HIBEERIHERTEDZ
EBERIND. AFOIEFHICRWTEL, B BBRENERICHER S h 28N TR L L
TR E 2 L, FIRE/RER Y FERMEARRAEE (VFA) EEARZED 5 Z LR EETHD LEDND.
LizidoTC, AHOIEE TOF /2L AT L &% T 5 LT RF BT O ALNNTTH Z
LITEETH S EBbh 5.

B2ETIY, BERIE LTRY 755 L, SEREOMERR e ER A TN ET DS
HTFTD RF DREIZOWVTRE LIz, LsLaeiss, RESEZBMEE L, Sk D OyEa |
AL RIS T ORHIZIT, RF OBREIZ X 25— BB~ OB 2 R ER A T
B —BNOREBERICRIE TR OV THRE LIZREITRV. b1, RF BWHT 5828
PNIER L CRFORESEICRIAT 2 1o0icit, SRR SRH TIZBWT, RF ORENASD
BT — B NOREBAERICRIET B FHMCTRE L, RF O BRI 2 %Ea i
HEREIT R 2 ERIFIC OV T B IRRT L Tl T EBUETH D L BN D.

LIAT, BB TORSMOLERUIL, F—HiZ UVEPEHHEORBITHR 28R A 23 3
THZ LI L > THEEEND[Balch 1952; Ash & Kay 1959]. H-& ZREN-RMEEFTHZ LI,
PRSI 2% A S CRATMEOMER WA BN S & A6 1998 i, HEROUNT
IRBEHTLL~EREHERR, BMHTIEHR L 722 5[Bailey & Balch 196112 £ B35 TW5. ZhboD
Z &6, RF #%E5 UL EORFORBITHR LS —BHNORBREREZTFET 5 Z &4V,
RF OB ERIBFRICRIETREIC OV TR D ZENTFRETH D L EZ DD,

FZTHRRABRTIE, ANVAZA VRERBERE AV, BREMRSDTRE SN RESE . G S
Uiz & E OB, BOHIEE, F—BRNORBERGS LU0 -BriED@&REICRIEd RF
BEDFEII OV THREAEL:.
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e

AR TIARF 2185 L2V HRX (RF E#5) & RF 2857 5K RF&E) 287, S0E
(CHRNRE A TEBEEHF TN TN A B85 ML, RSB E (BYELIRER
3£) 13, RF &5 657+32kg, RF 5 659+45kg ThHoTz. RF O54%, HEFORED 8 »
PO & 21TV, 18847 3ELROHRE Lz, BB W TE, ARBRICHE L 7=~
DES LEAR 8 RS 30 B (FHHA 7 BRI, 241 15 BR) & Lo, AGBRICAV S HERAHT,
FRHCEA S, BAK 2 » AROFEBRE~ORIE T, BIEHTICERA L BROEELER
L. 7, BIBdIZ @ L The [CRERRISaRt TIED L, BIETHR 17 » BlerE TIRE
Rl (R4 « AF /) AT, LEARL B R EH) &1 R 1884729 7~10kg LfgYV
S% 1 H 158470 2~1kg A5 HEERH T CEELL

MR} & SRR s

AR TIREERNOL IS L, TIROBEASH (8R4 : SEEIAATE RF 4, THESNK
Kat) AV BEFBOEMEORAET, BE (hvEnal, o sh) 73%, 1B
B (ERU—, a—LPAT LT 44— Fit) 16%, EVMEIKEE K 5%R L 0ED
f (BEED, REEINAL T MME) 6% Thot. HRERHIMTOWESHSIORE &IL, FRETR A
SAEDEEFRIE L, TOEED B AFHAEE - FASIRHOKES BIKELHTSHTER 1995]
(CHESE AN KE (TDN) ERECHEEEE 1.0kg 2FETHEE LIz

SRETEIY, HERER ERNCEEE AR L TREEV L, SN TIAvy MBWTEELE.
IO, FRTO B L AE 4B 2[F CEEPO) IKOTTERENT o1 AL UEHEIIR
BRI 28 U C BRI TR B L1 Lk

ITERA

TEREEY, A7 BEMS 2 AMER CEM L. 1TBIORMIL, £ 1EE 28 EFRIC, LA
Ly RATEEAERN A T L HA LT TALTA DY hba—F—2f», AEF4hty bra—
H—DEREY 022 #2 L CEGEITSY, 48 BT o7=. RESEAD A T OREIL, 1TERE
BErA B OBETRIZATY, FEARBAN AT 1T 2HARETH L ITENTHEEL
FTRIORATY, FRIOSEEHG B RA L L, SET— 72 H4E LD DEFBEIC L Y ThEh
DREFAAFDOFITERFI A TR L TiT o7, BELIATENT, BITERE L U CEREHE RIS, AR
s L OVAERERER (BEHE AR+ AR 2 ZhEhadkLic. O, SEHERRFOEE
RBEOMEEORANT, FRENOBESNIES TN 2RIEOITEN DR L. ¥, fa
SEREIOBRET, 1TRRRE L WATL CHRE L.
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THALRRER & fkHS LU

BHRENSDEOTEUT, A1 BENS5BEET (5 HM), 1 B 21 (Al 10 & Fk
5B 1707, MUY, BRREAN TR S8, Bl CREATE THIRTRITLE.

MEROEHIT, BRAERS S &5 index R AV TIT o7z, FBHS KUSEFO—ARK
SYD5HTR SONCHIRNAE (OCC) & HiEEERE (OCW) OSENT, #5134 2 8k Ak
IRITHETCHEM LT

F-HADORERERHE

E—BAOREBERTFEAORE (B—BAAHK, 500mD 1, A 11 B B OFRIOHFEHE ShilE
FUEBHE 54 4, 8 BLNI2EEEE GH4E) &, FE2ETHEALZROIT—T (BIHEIER)
ERAVTER L. #RLZE—BRART, —EV—ETAHRLLE, FEMMIMT5ET-30C
TEEBIEELE. 2B, ZOREFAWT, TUoEoTHERERBIVUIBEHE L. T, F 8
P pH 3 XN VFA OBIEY, 55— B PRI @EEEE I A O BV TiTo 7.

E—BN pH ORIE, &% VFA ODBEER, 7 =T EEREESIUIBBEOHEL #1
B 28 L FWRICENEIUT o 7

B PR OB ORIE

B IRABOESEE DT, 8 1 FE 28 & KL, ~——& LT Co(D-EDTA Z/AV,
1EE472 Y 10g % 300ml D/AKEAKIZEL L CHREHESBEATICRORS L TiTo7. Co /3T ADL

(E—ENANE, 500mlD) X, A 14 BEA5 15 B BICRAAT—7 /4 (BiHEREES) 2AVTR
BRAOICERER L7, BORESREE, FRiofsHeSRik L UREHeE# 3, 6, 9, 12, 15, 18, 21 B&
V24 B B oM@ & L7z #HEE% F-RANRKI_EVI—ETHBL, SFEOMIANDET
-30°C CHRERAT L=

E-BrWRAEOBEEE (FER) 13, F 1 EE 2EHEFRRAETHT L. Co DE—BNEE
OB R D EH L.

AT
178, (LRI L ONBEEE DOFT— 712, Student D t+-HRE % AV TRERDOBHEL LB L 7.
¥7, B -FROREIEROET—F 1L, ThETNORERIIT SEMOBYEDZEE t-HRIEIC
KB LT, 2B, SN T OBMREINFIIZEEENHD L L, falRER 10%L T 0% a1 ER
BHDE LT

WwOR
ASRERI MR U 7RI LR MR A R 311 IR L. ASBRICAV T REEENT, T 4
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—V = NS BOE [EBHKEL BWKERINSESEER 199537, BiRv—URs LT
A= INT T 4= RPEREESNTERY, OCW E&IIEM T T 21.5% Th -7

3 3-1-2 ([TIIEHEE A D BIA OISR 5 TICRT 2 BLBOFRHERER L ONERRF L
AR ORISR DR R AR Lz, 1 A%/ 0 0o JONOCW BEElY, RF %54 RF EizE X
Db ol (P<0.05). 1 4720 OFERERRIL, RF E#5, RF #5L bIUIFRLCTH-
7o, 1 BX%7-0 OREERDE, RF S5 L TRF #E13REL (P<0.05), HUEMERRIIZOWLT
} RF #EE1-7 (P<0.05). 1 B¥47 0 OB KO 1 RBYIDOFHRGENNL, RF &5
2 RF R 5% L7228, QUEBRICE BZEASE0 biveh - iz, FEEE 1kg X472 D OB,
RF EH 57tk LT RF #5558 < (P<0.05), HAEMEFEICOWTH RF OREIZL VR 25
MZ7R LIz (P<0.10). {BE OCWikg 27z Y ORI L URIEBRRICOVWTY, RF &RE L
D RF #EEN-T- (P<0.05).

3 3-1-3 I3 EHHEE Y BIA ORI EETEHIG 5 Tt 2 BB DZMATE LR L USRE
R LI, EOnsbERiY, RF EREIZHE LT RF #5MRVMEMTH -7 (P<0.10). AIEEZE
= (NFE) OEERICOWTHEMHEER & FIC RF B503ME0 o7 (P<0.05). HRARIIOIEE
FZHOWTHE, RF BEXREVMEM TH-o7z (P<0.10). HEFHEOHERIZINTE, SUEL HbARD
bR E o -8R 288 OH Y, D 4 BT OWTHIERITR WEEETH 7. TDN BLD
T UHEAE (DCP) 1%, RF &#5 ¢ RF 5 OERICHEEEN 2L, HERAFTH .

ERHEMERR S EIE OEARI IS 5 T COE—BADREAERICIT SEEHE 5RO B NEENZ
3-1-1~3-1-3 IZFNFrur L. £ 8N pH it BUOHE L LRl FROGHEERIZIETL,
FRIOEHE 5% 9 BRI DRERHCRO TR BIEL 2V, £ LA 2RI LE R L. £,
HE—BWpH i3, RFEHRELY Y RF BEMESHEBL, TR0k 5% 9 BB ICBWTHE
ENFRO LN (P<0.05), #5514 12 BHEE THARBEMNH o7 (P<0.10). # VFA JREEZOW
ThY, BEEN2WVLOD, FRIOEEHES% 6~12 FEORERHIIV VT RF #5723 RF 5%
EREY, MoFEERTIRAAEL LITFR CRE G L. EESREIT, KA LOEMICE
BEN Dot Ta At EREREY, RF &5 23~27mM, /L, RF#%5 27~37TmM,/L OFHH
ThHY, 1 BZELTRF ORI L VEHEBL, FaiOfEHE5% 3 3oL U9 Bl DR T
HECEEE DL (P<0.05), #8514 6 BIU 128 B CHBRERNH o7 (P<0.10). B
FRIEEEIY, ATEHGEE 15 BRI O TUERICEEEN H -7 (P<0.05) 73, fhoFHERF
TR B EEN 2ol Bt/ 7oA 8 (A/P) thizo>\Ti, 1 A2 ELTRF&5
IMEL HERS L, FFRIDEEHESH% 12 FHMORERIII  TUEERICE EZENRD o (P<0.05), #&
54% 18 B OTER CHOEERERD H -T2 (P<0.10). 70k, B BNORBHEREZRE L& &
DOFNBOFEHERE EWE) (%, RF &5 94kg, RF &5 10.2kg THY, WEMICHEED
ot

EHBHEMERR Y BIA OISR BRG 5 T A RAIBD T - E =T IEERRER L USBRED
SEHA B DRIV A R 3-14 \TR L. 7B THEEREED, FRIORERS IO LR
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TRF#®&EREN -7z (P<0.05) 73, hOFHERF CIIEEMICEEEN 20T, HBIREIZOWT
i3, RFERS LY RFBREMESHEB LA, BRERFE bAERICEEZEN 20T
3% 31-4 (TIXEHHEERR S EIE O EEEEIIE 5 TIZIT 2 BB OF — B FEERE £
VEEE AR Lz, $—BNRMEOEESY, RF ERE5ICHE LT RF REP&SVERLSH Y
(P<0.10), EE=REEIE, RF OBSICLVEL 25ERTHo7 (P<0.10).

z £

AEERD & 5 ZRBHEMERR D DS TR SRR O Ak e B LT BRI TIZIRW T, 1 RE2Y
ORI, RF 8855 RF EREICHA~FEICE) ol ¥, BB IOCW EEEL H RF
BENHFEIZEI T, FOh, FREEOYEREIT RF B8R 5L RF 5T 2ol
LB SN, FRHEREONIEROE W BRI EE RIF LI 1 DOERTH S LEZ OIS,
—75, 1B 1kg 247- Y ORI RF #5223 RF 85 10 bR, LEMICHEILREEE
DERD B, Fiz, R OCWikg %7z ORBRENC OV TH RF EREICHE LT RF =54
BEIZE o7 ThbDZ L0, FEREOYERNTIICINL, RF OWERNRIEIERI A
BRI B RIE LTZ 1 DOER T L HEEIND.

Welch & Smith[1974, 1975}i%, RBREOHE— BT SWERZRIEER 2 A TREmE TR
L THEx ORBRERYL, BEFAESRALT ToO Y URERRS, M E LIBERENGE T TD
HATIWT, ATHIEEORENRABRRE AL NIBME -2 L 2REL, ATHBMED
B~ OB RSB R T EELER THH Z L 2mE L. £k, #A6[1987)i3,
BB h=a— VEEERHILER AV, BESELL L HITBROER ZEES I UTNHMUWEZE
BB~ RE L-RBRAEML, DMEERS KIS N R 2 R E LK T,
FBRBASTEIIT /20, SRR E L B LT LEE LTV B, ThbOMET, KBREDE
— A~ EBETRNE DI B N THIRME AR ETH Z LI L ) RBEFRERINRL 185 &0 ) RTARERE

T BFER Thotn. ¥ ZAT, FHBRD & 5 RBEER 0L & FAHCBEMES L7 #E [Freer &
Campling 1965; Beauchemin 5 19941z KU, 1 A %4729 OFBIFEIZL 100 DL T THY, B3
DX E L% CORBEEOEBERNIIERICE - 72 2 EPBEIN TV, ABBRICZBWO TR
BB E L7 RF 851X, 1 BY7 0 OB 160~180 0 TH-7. Zhudsk
RERZ AV VIR RS R VAR EL S L, BRHER S AR LR TH D Z LI
& EERESOREL SEELOLBbS. Tebhb, MG ERICHA TS 28R 2K
BEE LT\ T B END S, ERIRORTE DTNy RORERENFEL, 1 BINY
OREMERR B ARREEMERF S h, RF S5 TH 1 A4V 3 BRI EORBREI{ OO TIZ
RUDEEZOND.

AHERIZBIT D E—BNORBIEROMRE S5 &, # VFA BEIIBLIE L HFRTORERE5%
A FRL, F0%, RF ERE5 T 76~94mM, /L O&HE THRE L7223, RF #5 Tk 100mM
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/LU b & SeBESES, Bl pRE 4 — R L. FAUCECE BN pH I3, FRIDSRHG S
1% 6 BERE DA CAUERTIZBAE 234 U, RF 5 0ME< #E5 L. # VFA IREEIZ I DR DTREIT,
BAIROEIEHERBOE DB L WD Z & Bz, AP bk RF SR 5B LT RF &
ENMELHEE LT, T u A BOEVEEERIT, RF E#5T 23~27%, RF 5T 30~37%D%iH
2V, RF OREZ LY oA BOBENE ootz LiddoT, ARBRD & 5 7efaeiskit:
TTIERF OREIZLY, E—BRICRIT A7 0 U4 U ERE L BET D RIREMR H 5 Z LAVRRE
Ni-. —%h, B8N pH TR L HIRERFLRRATE LA R L TS 00, RF ERSICH
~T RF #5 TR 5% 9 BEE B ORRERAHTR L7 idBED b FRIOFEH SRIOEIEE
TOLEERKE DT, FRIORERE 5% 15 RHHILIEOK VEA R L IHEFRETH 72
ZEmb, ZAUIRBEACH X RSN RSLOESENC B TR b OMER /3 WHEIN L [Bailey &
Balch 1961; L 1998], &—8MWpH # LR SE=b0 LB, FRERO L 5 RBEFEIDH
G LTSRS TICRIT 5 RF OREIY, ARBICEET DB » TUCRIEEMESE 2 b
23, RF EHS5ZHE LT RFHETIE 1 B/ 0 OFRBEESHEML T2 &b, AR 1
H2%7- » OIEMSERTLIENL, THUT LV ERSWIED DN Z LRSI ND.

U EDFERD D, SHERDDSTRE SNREFRIOLE 4GS LT ERBISE FIZBW T, VAL
A LREFBIEFDE—BNRE L= RF Y, 55— - “EOINEEBN > THEM & L bIZE—-
TERNEREI LN E - BHE~ORE E L TER L TV A Z LRSS, RERETORMA
OHEFRLAFERL, 1 BY%m0 ORBRORMEREZE THRREMOH S Z LAVIREN. &
7o, B—BHROT R CAUMEESETY, £ BNREOEERE) R E HEMIZR D Z LR
.

85



Table 3-1-1. Chemical composition of concentrate diet used in this experiment

Contents (% of dry matter)

Composition
Concentrate"

Organic matter 95.8
Crude protein 12.9
Ether extract 48
Nitrogen free extract 71.8
Crude fiber 6.3
Organic cellular content 68.3
Organic cell wall 27.5
Crude ash 4.2

Y RF Koki (flaking and meal, Snow Brand Seed Co., Ltd.).

86



Table 3-1-2.  Effects of RF dosing on feed intake and chewing time during eating and rumination in steers
fed only concentrate diet (under 28% organic cell wall as fed basis)

Item Control” RF treatment” Difference

Intake, kg/day

DM 83 = 06 96 £ 04 P<0.05

OCwW 23 = 02 26 £ 0.1 P<0.05
Time spent, min/day

Eating 523 £ 106 555 = 177 NS

Rumination 1283 =+ 11.5 197.6 += 359 P<0.05

Total chewing 180.6 =+ 16.1 2531 + 435 P<0.05
No. of rumination periods 84 = 26 101 £ 20 NS
Rumination time per period, min 179 % 6.6 202 =+ 3.9 NS
Chewing time, min/kg DM intake

Eating 6.5 =+ 1.8 57 £ 07 NS

Rumination 151 + 1.1 204 £ 3.1 P<0.05

Total 21.6 =+ 1.3 261 £ 37 P<0.10
Chewing time, min/kg OCW intake

Eating 223 =+ 47 209 £ 24 NS

Rumination 48.1 = 147 742 + 112 P<0.05

Total 705 = 121 951 = 136 P<0.05

Values are mean =+ s.d. for four animals.
Y Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
2 RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

DM: dry matter, OCW: organic cell wall, NS: not statistically significant (P=0.10).
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Table 3-1-3.

diet (under 28% organic cell wall as fed basis)

Effects of RF dosing on digestibility and nutrient content in steers fed only concentrate

Item Control” RF treatment® Difference
Digestibility (%o)
Dry matter 745 = 1.0 73.0 = 1.1 P<0.10
Organic matter 766 = 1.0 754 = 13 NS
Crude protein 716 + 19 770 + 19 NS
Ether extract 795 £ 32 846 = 35 P<0.10
Nitrogen free extract 832 = 05 810 = 1.2 P<0.05
Crude fiber 17 = 23 51 £+ 49 NS
Organic cellular content 939 + 0.7 933 = 04 NS
Organic cell wall 337 £ 21 307 £ 42 NS
Nutrient content (%)
Total digestible nutrient 693 = 08 684 = 12 NS
Digestible crude protein 88 = 0.2 88 = 0.2 NS

Values are mean = s.d. for four animals.

! Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

2 RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

NS: not statistically significant (P20.10).
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Fig. 3-1-1.  Changes in ruminal pH, total volatile fatty acids (VFA) concentration and ratio of acetic acid
to propionic acid (A/P ratio) of rumen fluid in steers fed with only concentrate diet (under 28% organic cell
wall as fed basis).

Values are indicated means + s.d. for four animals.

O: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
' P<0.10, *: P<0.05.
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Fig. 3-1-2.  Changes in acetic acid (C2), propionic acid (C3) and butyric acid (C4) concentration of rumen
fluid in steers fed with only concentrate diet (under 28% organic cell wall as fed basis).

Values are indicated means + s.d. for four animals.

O: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
1. P<0.10, *: P<0.05.
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Fig. 3-1-3.  Changes in molar composition of acetic acid (C2), propionic acid (C3) and butyric acid (C4) of
rumen fluid in steers fed with only concentrate diet (under 28% organic cell wall as fed basis).

Values are indicated means + s.d. for four animals.

O: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
t: P<0.10, *: P<0.05.

91



30 - . | feeding | feeding

=

W 20 4

g

=

= 10 A

Z
0 N ] | | |
40 -

g30

bo -

E

2 20 -

-]

.O

£ 10

(1

-
0 .

0 4 8 12

Time after morning feeding (hr)

Fig. 3-1-4.  Diurnal changes in NH;-N and lactic acid concentration of rumen fluid in steers fed with only
concentrate diet (under 28% organic cell wall as fed basis).

Values are indicated means + s.d. for four animals.
O: Control, @: RF treatment.
Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
*: P<0.05.
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Table 3-1-4.  Effects of RF dosing on turnover rate and turnover time in steers fed only
concentrate diet (under 28% organic cell wall as fed basis)

Item Control” RF treatment? Difference
Turnover rate (%/hr) 101 = 0.5 11.5 £ 0.9 P<0.10
Turnover time (hr) 99 = 0.5 87 = 07 P<0.10

Values are mean + s.d. for four animals.
! Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

? RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
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O

SRV SREL SN EERE (OCW & & : &F 27.5%) Bk 5 TICBWT, RF ORE
DEBRER, 55 BROREEERE L UE— B RO EBEE C RIE TSR OV TRE Lz, it
4L LT RF EHE (R) & RFREDHRNVAZ A L EERMATNTH 4 AV, RF O
51T, 8, BRMRHIEM L, 1884729 3L Lz WBEFENIRESRIOLE4G5 L, TDN ZER
BETHARE 1.0kg 27— B E Uk, SEHEREL RF #553%<, 1 B4/ ) OREREIT RF
BENED T BEEH kg 472 ORBEHIE RF OREIZL VRS o7, ¥R LU NFE
DL, RF SRS LT RF #58MEVVERITH Y, HIEOELERT RF 5558\ iR
B TH-o7=. TDN BE DCP BRI BEN2h o7z, ¥ VFABEIL, TFRIOEEHG 5% 6
~12 B OFIEFHI\ T RF #5038 < #B T 2R Th o7, BB BN pH i3, RF
#5753 RF ERE L 0K METHB T B[ TH 7208, FRIOFEHE S RIOMEII IR D)
Sivehotz. AP EHIRF H#5ME B L. B -BHRMEOERRIY, RF ER5ICHEEL T
RF #EXEVMERTHY, EEHFNT RF #EPEVER TH o7z, LLEORERD?D, FFBRICH
VN IBEARI DL B E LT EREA I TICBW T, RE 3B BRI L TERRIEM & LTHE
ALTWAZ LaMERESh, RAFTORBROHERLEFHEREL, 1 HY D OSUBRFOERET %
B TARREMDH D = EASTREN. £77, RF OBRSICLY Tu s U BORENRSEY, B
— B NI B E AR H D Z L SHER S .
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3EFE2

EBIHE R OISR IG5 TICRIT 5
P, 55— B PIREEERI L O — B mE s R TR

RBFERBRBTRRY T7ORERE L\ o748 (KEAREARD 18, BB EETH Y,
RBERE LB N S 1987 Luginbuhl & 1989; Beauchemin & 1994], 5 —BEHERHEFT 5720
IHVETHD EBbNnS. LnL, EEEEHAERIET X —, S22 TH D70,
FEEHIDORFAREICIWT, $—HHEEERER S 2 & ISkl DIREAE A R 5 = L3
FRERR O, WFOAEMR EOENOHIRTHD LEPNS. £DHITL, REAETORESR
BIZREAETICROT, B B EHEE S B 5 2 DICHA T DHETEN b B ATHE OEALH
Fahd.

RBFREDE—BIIRT DWER LR ER 2B T 5 ATHZRWEICOWTE, $o00i5H5R
DERA LN, FPEHEREBoling & 1969), #8{A[White & Reynolds 1969; Loerch 1991], <ABRHHE
[Welch & Smith 1974, 1975 AR5 198713 L UOMREHEEIR[Orskov & 197N RITTHEUBIL
TOEEIMTON TS, L LN G, Zib DA THIEE IO & EE-TEY,
FSEETERLSN L O, T, AFOE BRI oA ER 2/ 5 72D AL
R A (RF) 2BRRSh, BWAERALL LIRS W5, Bifi B3 E|E 1) I
BT, MRS % R0 U7 R AR B 5 T OARN R Z A AEEBHAIC RF 285725 L,
PR DBEROM & R L 255 LT 1 B 70 ORBROERETRZ R < 2Rt dh 5 Z L AVR
Mexhie. RIS —E OICHEES) & E8) L CETEERE IEBIC K D HREIL, SISO X 27
RS D 2 LA RRTE DN TS, Fi, B8RRI 2 BREREO@ESFREL, 8o
HEERNC K 0 BE T D 2 L ASRE EN TV A [Sissons 5 1984]. Zh bz nh, BERR
B E TOW4~RF 2&5 L2556, - BHICRT 2 EREROEEEEI R RITTZ &
BEZONDD, THFE CIRMEMER S OBRESEHIRG 5 ORI T2k 5 RF L EEfE
DE— B rEEEE DO BREMIZ OV TRET L iEidav. —%, arfli (F 3 Z5 1 #) O,
JERR O & D /8y RORENELE SNTREEFRNAV LN, REEE R OBHEER D 5
DIEEHD SRS T CEm I BHZBWTRE 2BIOERA LT\ 720, #&a i
RIS TICOWTRETL, RF DL OBEEEALNCT A ENMLETHD. LIend->T, ElH
SROFMEMER 372 <, SRR 72\ ISR T8I 5 A4~D RF OREIZOWTS, AP
B—EANORBEEROED DRETT 5 Z EBLETH S L Bbh s,

F I TABERTIY, SRS D2 RS BAREIRRAG 5 LTo RV A & A AERBHE 2
W, BUBREE, F-BNOREERT JU%— B PR OBREEEIC XITT RF REOZEHT O
THRET L.
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MRS X UE

ARBRCIIE—BIC T A AT NEEE LAV R Z A UREERHA AR LT, 4 0kE

CEEHE HZHERE) 11 638+83kg Th-o7-. HERUEEL LT RF £&5 () & RFREERE
L, SBCHERG 28R FRENEI YT, JuAS— "R VERERREER L. b
b, G 48D 5 5 25RIC RF 285 LT 1 HIAOFEERRE1To72%, RF ZMYIRE, 5l&kE
o> 2 B RF %425 L CRIRC 2 BB OB REF M L. ARABI TR 7 B, A4 4
AR CiTo7. REIZ188Y7-0 3AEE—8 7 1 AT/ biE L=, RF OREGIITHHBEE D
EPEHAERMCEM L=, RE IR ERNTERION 720 bE 0 B L TEBIZ AN, RF AEOEEER
53 % ST BN TOIRRBC L T DI L 7.

PG & TR

g U REEENT, 3K 3-2-1 IR L OTTIRECAEREL (aRdb « A%/ AU xr, AR
B\ R 2RV SEORSEIY, AAETREERE - BRFIRMOKEER BAOKEERNN
LEHELR 199510V, FBERBREIS L I FHYIBIAR O ED: DHERHC LE R TR DR
(TDN) ZDRED 105% M4 EE 25 L 2 ICBH Lz, #EAHIERIA - TiREL, §NTE
BUF-. STRHIAFAT 9 B & P18 4BRD 2B C, HETORE L. K BRI REEIH
R U TERCERTE 5 LI L. 723, ARBRCAWEGERNT, REFROZOFRST
TIZIEDL 728, 10 BRIOBIBHIZ @ U TR~ (ITERIOY) ) 2 21T o7

1TRhRRE

BB, $1EES 15, KA L XHEERAN A2 AV, 281 1 B BOFHFIO
FIEHA TR S 1 HTEET 24 BEME L. BERHCER LATENT, SITENH & L THREHER
RERS, FOABRERTI L OWERSRER]  (AEHERRS - RBRER]) 2 Ehethidik L. TO, LR
AREOENE & AROEBOXANE, EEATEMBRESNRRORTROITENDHRT L. RHRF
Dt B LAY 72 Y OIESER & BIERRNT, ITEVREPICRBHER SRR oW TER
FEHEI L. BSRAY A 5 ORBIL, 1TERESRARORTRITY, LT 1R 5L
FHEThELE LT

FE—BNORBEEIRTAE

H—EM pH o L UNERMAREE (VFA) ORIERRE FE—8HAE, 300mD) 13, F—Brué
BHE AR OREHEREH FBH AT o 72, R L —BAARE, —EV—ETHRZT, &
FhicpH #HIE L. ABLEE -BRAKT, VFA OSHIcHT 2 T-30CTHIE L TRIFL
o

pH DFERBLUOH R 7 o< h 757 4 —Z & 545 VFA O5BEERIT, 55 1 325 280 & AR5
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ETENETNERMR LT

BB IR OB REE ORIE

1EE 2 LR, SENRROEEFEE KD D70, Co(l)-EDTA %44 3 B B O
BHAEERNCE B 7 4 AT ADLERERE L. CooWADRE E-BHRAK, 300ml) i, &
H3HE»D 4 HRICE BT A AT A LREFCER L. SEBETE, FaliofehaSaik &
OEEHEE4 3, 6, 9, 12, 15, 18, 21 BL V24 BB GH9ED) & L. BERLB—BHEHR
IXTEH—ETAHIEE, -30°C THRERTF L.

E-FGHROBEERE (TE%) 1%, £ 185 28 LMk, RARDLEREZRANT Co 25
WL TEHLE.

RO ARSI S3HT
gkl DKSy, RSy, HEAE, HARIR S UMD b NCHIRNAE (OCC) BX
UHIREEERE (OCW) OfENE, 51 ESE 2Hi L RRRTiETIT» .

HratHE

17803 L OE— B OEBEEORET —F 1%, Student @ t-HEIZ LV AER A LB L7z,
H—EMN pH BLUE VFA OFFET— %13, RF 2ER & T 25 8ATEITY, BRARHIRIT DML
HREOBI - IREC LV B LT

O OR

(ESRHEME R S OISR BRIl B BRI TBERFOSEHEINE, BRRF L RO
IEMERFRRIS L UL E R LAY - » OMISEIE L IEISRER DR R Ak 3-2-2 1 TRLiz. 1 REEV D
HRBIOOCW BHEIT, SAELLRAUTH-7. 1 AN OfEHERRRTL, FUEE bIF
IERIL Th o7, 1 BY 0 OB OVWTIE, RFE#RE 154, RF 52445 ThH 0, LERH
(CEEZN2S, ML LIEFICE) -, RBPBES (8T, RF ERE5T28 RFiRS
T3EETH oM. 1 BY Y OREBERIIC OWT LB EEN eh o . B LU
B OCW1kg 47~ Y ORERTIR L ORIBEHTL, ThEhEBRICEEEN 2ol BN E
BN F-HEREFOIEE R UASRY /- » OIRISEE gL, RF E8%5 23 [, 25 %, RF &5
26 [\, 31 TH-oT-.

EREMER > DIEARBIEIA S TICRIT A BB OE—F W pH, # VFA IRER LU%E VFA iR
BE L AERRDEEHE 5% D B VAN 2K 3-2-1~3-2-3 ILENFIVR LIz, F -BRpH I, FLEEY
R & FEDOERHASHICIRT L, FRIDEERA G54 9 R B(ChV W T L by MEL 72V, £
D%, FOBRE BEEEC BB U # VFA R, pH &ildic, ML balofkhasis 9 br
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BOFRERCRLEL Y, FORETTHRMAEE R L. 58 pH 3L U% VFA RE
i, BEEERL LERICEBEN R ol BIERRENT, 8 VFA BE L PRI SHRER & bR
RCEEEN ot Tata BRI, RF S5 LT RF 8545, FRi0fEHa A
BLOEIEHE 5% 12 BERIOFTIZERHCRO TRV MEREZR L (P<0.10), FHIDERHE S 24 B0
FEFHIIBWTEL 2ol (P<0.05). BRERERNY, FRIOETEHES% 6 FEflIs LU 21 B DR
{2\ T RF B 5MEL 25 HmTho72 (P<0.10).

(MRS O EARRI S 5 T30V B BAIROE— B PIRABD @R E (BE5R & [B#ERRFH)
%% 3-2-31TR L. RFEREICHBILT, F-BruRMOEEEEL RF #553%< (P<0.05), [E
ERPEIE RF #5038h -7 (P<0.05).

z =

SRHEMERR 2> % TR U 7 ikl (Eath OCW27.5%) & BUiE S L 7= SISt T O M S /oAl
i OGE3EE 1E) ORBRTIE, BEREY kg Y720 ORERENL, RF £#%5 154, RF %520
45T V), ABRIIC R TR0 DU, ARV B IR kg 7= ) OB,
FIALER & & AT (3 3 255 1 ) OREEAERC TEY, LEMIIIEEEN2h T B0 5[1987)
i, EESEE BRSBTS B TH AR Y Tr L R E LT RERER R E
FEL T\, FAUZ LB &, 1 B4 ORI, SRR T 18 LU T & IERITE o 1223,
AU 7a L OREICE Y 200 DU EORARMMEESNE. ZOBRBRCAVWORERY Fa
Lo, BABRHIIWTRRONEO—ERE L Tt R TSI TV Ve, ARBRIZAV 2 RF
1T, RBRRCHEE ESNRVERE LTEY, EEahiv. LiedioT, FEERO &S 2EaEEE
DRRHEMERR D72 <, HERIMEDS 2\ BREHA S 44 T CiL, RF 230 D8 — B RE~DOWER 2
VBRI & 0 BRSO BHOM X R LASFER SN TH, HERINASUIE Eh 2B D2<,
IEREZNE & A EITON T b D EEZ DD,

ARERC BT AEE: Tt A B (AP) LY, RF 85T 18~29, RF&RET17~23 D
#FEETHY, RF ORBICLVFEICE T L. Al 68 3 58 1 #) ORABBRICBEVTY, RF
OEEZE Y A/PIHECHB L TRY, ARRUSTFBMERCThHo. Z0LOiL, 8N
7 VFA BB T, RF OREIC &0 770 v BEIDREE SR E SN0 bhve. TOHHE
D—ot LT, B -BRNTOSEIORBEBICINT, SEMAEDIC L D ARSI RBMAIED A
F ARG ENT, 7o EAVBERICHIR SN BB L bhD. Tbb, AR TIIRF
OB L 0 E—BSNREOBBHENE 2o TV, A X AIEDZLIE, 7' N T OBRE
AN AEB LTV B [Vogels H 1980 Stumm 5 1982]. RF D542 & 555 B PRAEDEERER
oI, T MY TOEZB~DORHEREEL, B-BHNDA X CHEEBD SE T Z &5
#ESND. Okine H[198913, HEFEFRHAE TOERFOE BILELARELLE, B—FN
WEOREZRNEED, A ARBMMETLEZ EEHEL WS, F7-, Takenaka &
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Itabashil1995)i%, FHDOE—B1bL7 0 b/ TEERMICKRE LI L &, A ARENBD L,
A B AREHE L KT L2 L &RERL TS, —, Henderson[19801i3, 7&FE (Ha) Z#W
LTRRTT 3 EOME Bacteroides ruminicola, Anaerovibrio lipoytica 3 X" Selenomonas
ruminantium % H5#E LR EATO, WIMOMBEICRO TS He DEINC &Y 7'a U VBROEAE
DB LT Z L 2 REL, 7~/ UBOEIC He AFIR S Z L 2RL TV, E72, Van
Nevel 5197411, FE#EZ He 2 F00 L 7-#lE Megasphaera elsdenii DRZEFERIZIBT, BN
DT 0 EF U EEDEADPEIM LI Z L 2HEL TS,

Loerch{19911iZ, ME/EAEl % BIRAE LI-ERRIE T OERRFI T T AF v 7 8F UL (plastic
pot scrubbers) ZIEL-HBREERL, ERSCHERL TEESIRWLOD, TTAFy I RF
DS OBRE L D E—BRIROFIRER (BEER) A& 25 iR —MIZ, H— _BIUE
EBNOSBEOHEIN E—BEBHORIN ([CXY, ERERROBBEEINEE D Z LALNTND.
Sisson 51984113, 5~ HUILHEESIOMEE & 55— B IRFADEERER L ORIOHAMLEIREZA LML
=. Okine 51989113, HERHRBHAE TICH\W\TC, EB4OE-BIZEL &G L TH -BNRHED
WBREGICRITTE BIEEBOEE OB OV TRATL, ELORSIZE Y B _BIVEEED
BEREIE T LS, 55 _BICHEEBIORFRFI BN L2 Z L 2HEE L, IUEEB R O
DRE—BNRFOBAEIS 2B ERTHS LHELTND. ZObDREDE I, F - ZF
DIHGHEE) & FERERIOE — B PIEEEE & (TR O ICEOBRRH 5 Z LIFBHbND. L 25T,
B CBIEESOSEIHERRCRLEL Y, AR, INERFDIETIEL 725 [Mcleay & 1982;
Waghorn & Reid 1983; Baumont & 1990). 7% — - “HIEERNT, FIERS JUREITE
DRSS > TR AAEHHRETHY, RBLFEFAL THDIREF 1994 Z L3mbhTHD. &
BB T, 1 B4 ) ARSI X OSSR B0, FEARIOS
—EPEBEEEE RF #5IC X 0 EBISEL 7207z, 1 BYEA 0 OREREL 1 RIS ) OEMEES
RIALEH L7z 1 B 470 ORBASOWHERGT, RF #425T36 [E, RF £5T47TEL2Y,
FEZT2 OO RF OREIZEVEL 2o T e, LR T, ThbDHERFABROFER)
5, RF 238 of—EHBIoH 2B f S ERIC L 0 B — - “HOIEEB 2B g7l &
NEZ N, FAUL Y EREFHOE - BPBEEREISEE o7 b D EHEEIND. B -HAIIR
AIEREHEOEREE I LR L LERETHZ L THY, RF OF—B~ DY ER L 56—
B OUNHEES) L OEREMZOVWTIE, SHEICRETT 2 Z LAUETHA . ks, FHBRIZE
T, E—EPIHEDEEEEA RF OBSIC L Y B Aao72hs, H—EW pH R0k VFA JRE 0
([ZEERRI T, ZHUT BR L7z & 5 RF OREICE D E— - “BOMEES RS, Tl
£ E—FNEYOBR L T L DREHBEN TR L IO TIIR2 L Bbins.

LI EDFERD D, ARERTAV I & ) A HEMERR S 272 <, KRN 7 RIE SR BURRRAS
B LUEFRIEAETICRNT, SRS A L EERBHACREF 21595 L, RBRMICGZ DR8I
IR, B BN EGEE L EDD Z EBRO LN, F BT O A BRI TS
DAMERENZ S D Z L BHER S .
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Table 3-2-1. Chemical composition of concentrate diet used in this experiment

Contents (% of dry matter)

Composition
Concentrate’’

Organic matter 95.1
Crude protein 12.0
Ether extract 4.4
Nitrogen free extract 75.6
Crude fiber 3.1
Organic cellular content 82.7
Organic cell wall 12.5
Crude ash 4.9

n Ogino-Special (flaking and meal, Kita-Nihon-Kumiai-Shiryo Co., Ltd.).
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Table 3-2-2.  Effects of RF dosing on feed intake and chewing time during eating and rumination in steers
fed only concentrate diet (under 11% organic cell wall as fed basis)

Item Control” RF treatment” Difference
Intake, kg/day

DM 55 £ 06 55 £+ 06 NS

OCwW 07 £ 0.1 07 £ 0.1 NS
Time spent, min/day

Eating 278 £ 36 293 £ 76 NS

Rumination 153 + 182 238 + 198 NS

Total chewing 430 += 196 53.0 £ 241 NS
No. of rumination periods 20 =+ 2.4 25 = 31 NS
Rumination time per period, min 39 £ 45 99 = 82 NS
Chewing time, min/kg DM intake

Eating 51 =+ 1.1 53 = 14 NS

Rumination 30 £ 37 46 = 42 NS

Total 8.1 = 45 99 «+ 53 NS
Chewing time, min/kg OCW intake

Eating 402 =+ 8.5 421 £ 111 NS

Rumination 234 £ 292 363 = 333 NS

Total 637 + 352 784 + 414 NS
No. of chews per rumination bolus, chews 227 + 50 260 £ 19 NS
Chewing time per bolus, sec 253 £ 42 306 £ 1.7 NS

Values are mean =+ s.d. for four animals.
Y Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
Y RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

DM: dry matter, OCW: organic cell wall, NS: not statistically significant (P =0.10).
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Changes in ruminal pH, total volatile fatty acids (VFA) concentration and ratio of acetic acid

to propionic acid (A/P ratio) of rumen fluid in steers fed with only concentrate diet (under 11% organic cell

wall as fed basis).

Values are indicated means + s.d. for four animals.

Q: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

t. P<0.10, *: P<0.05.
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Fig. 3-2-2.  Changes in acetic acid (C2), propionic acid (C3) and butyric acid (C4) concentration of rumen
fluid in steers fed with only concentrate diet (under 11% organic cell wall as fed basis).

Values are indicated means + s.d. for four animals.

Q: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment; a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
1. P<0.10, *: P<0.05.
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Fig. 3-2-3. Changes in molar composition of acetic acid (C2), propionic acid (C3) and butyric acid (C4) of
rumen fluid in steers fed with only concentrate diet (under 11% organic cell wall as fed basis).

Values are indicated means + s.d. for four animals.

O: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
1. P<0.10, *: P<0.05.
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Table 3-2-3.  Effects of RF dosing on turnover rate and turnover time in steers fed only concentrate
diet (under 11% organic cell wall as fed basis)

Item Control” RF treatment® Difference
Turnover rate (%/hr) 25 £ 06 46 + 03 P<0.05
Turnover time (hr) 423 + 98 220 £ 16 P<0.05

Values are mean =+ s.d. for four animals.
D Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

D RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen,
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(5 3 &5 2 1)

BT AT NVEE RN A A AEEEEE A8H (A E 638kg) AV, SEHEMR TR
VEEER (OCW & : 8479 12.7%) * BIHIIRIG S L 7RIS TIZIoWT, ARsH], %—
B NDREHER IS & U — B PR OBEEE - RIET RF ORE OB OWTRET L. fER
BRI RF #E}5 (RfB) & RF #5%%EL, SOBRSG 2H 2 ENETNEID YT, Juixd—
SNEZ XV ER L. RF X 18%EY 3EZE BT 4 AT ARG L. At SRl
B0 TDN ERED 106%FEY &L Uiz, 1 A% OB, RF &5 154, RF &
B 24 55 L3EENTED o T, BNBES N o8, RFERST28, RFRETIETH
7. B—EN pH BL UM VFA #BEIY, SRERL DAEMCEEENRL, BEEL HITER
B o2 bR U, BRERS K ORERIRE Y, AUERIICKRE B ot 7a s Rk
B3, RF OBz L& edEREnr L. A /P, RF#E&%518 ~29, RF#%5 1.7~23
DEFETHY, RF OREICE VKL leote. F—BPRIEOERERT, RFERE LY RF &5
K720, EERREEIIRF ORSICL0EL ootz TNOOFRERNG, BRIV X D 7okttt
RS D7, HRIMEDZ EEEEIEIRERRG 5 T OW4~~D RF OR54Y, RBFEHICES X DR
BV, E—BIRREOERREZHD, $ -BA0T o U4 U BRERIG RO HEAICHD
T EHEEREN.
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BRI T CORRBRIIIT BRI, AR, BaHEE,
H-BHNREAER, BPUENOIEESERS J U - BHORBIC RIS

w8

RIBFBI & > THHEEEE Ch 2HEENE, B BICRBW THEMOBIZ T L HffSh D5
FL LT, FE BRI 2 EE L LTHLEETHD. RIS CIHRERES
F&U Z L\ o TARRI OB VREE 2R 55 Z L RRATON TV D, 414, SRRt
HROBEREOEMUUCLY, WEDOIEBHRENSII AL BITETT 2 IR H 2 BREE 2D
&, ARREAE < E/BEEI A TE BRERT 5 Z I8 L <, BEREOIICHE S R S
DIRERIE DEIE D LRI L ARFELEE LIENT 5 Z L BTFHRENS. £, SR K 25
BOFED LG £ COERCET A HNIOEMbE L b, TNOITEERELEET2ER L
D hde\ . D5, AAOIEE CIIEERRIE ST AEMAES, BECREOREDRY EFT
BDRME, e RERORME#E-THDEEDND. BIRECHLEET v F— R L ORERRZE
MR DEBEERIRIT A - L1, BERELEETHHLELZOLND.

RBFREDE— BRI 2 BER D oD NTHY L FAE TH 2 E—BRIBAE

(RF) DBRRICEY, ASOIEBIICRT, REEECRRY 72 & ORI - R HREE S
B3, E—EHEA~ OB R ER 2 I RE T D Z BT THH EEZLND. Ll
2235, RF 245 U TEE LI AR 2RI9EREIT, 1L B[1998]0 kA H 1998l 0k 75 4>
HITBEY, RF ZEEOAEFBICB O TEMIER L T 72D, IEERSTOR 2{im
HORENZL Y, RF BSH-OHEZBALINIT A LBEETH D LBbhd. FHI, WHFDARE
BT I B BRAEBY R & 22 B WEIC OV T ORREBD Z LITSBRORSAEIL > TEETH
3. —F, BEEFRISRELT CORPIEEHHIIBWT, RF 285 LIFOE—BOMRE, HC
BB ERBOREII OV GHRICRE LRSI . AFOIREHICIWT, RF 282hJEM
THEDITIZL DARAEBDL Z EPEETHY, TN HORE ORI LETH D LEDIS.

RRPRATT R T3V TR AP OEEFENEE & DBSENHE X TV 5 [Waldman 5 1968;
FHES 1994]. AFAIEE Lz & BT ORIFEB I — BN TKRRIsh 5729, 5
DR AES SRS R B L IRIE 1994128, S—BADT e U BOHEINIAT L% 19861
TEGFNRERAEEI TN B AETINABS1E L7 [Huerta-Leidenz & 1991] & &, {#AEHAOAR BRI L& E
BIEBmbn TS, —F, F-BRRBOMEFEEL 1255 — B ¥HEDFREBrownlee
1956113, ERBlOYIERY RN, 1BRMARSEE (VFA | Bifg, 7o' B, BERReY) OF
— BB & DEFRITIF L T A EF 1986)Z ESAL NI ENTND. FHZ, TR B LB
BB OFERRTERSRE VW L RE SN T 5[Sander 5 1959; Tamate 5 1962 5
3 BORBRERICB T, BN B 5B AR B B4 FTORHFIC RF 25595 L,
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F-BROT 0 A VERREN ERT 5 2 LB BRI @EEREIE 25 T LSRR ST
INBDOFERD D, FEHROT BN B — B N TOKREIINE e, BRI EEFfETRRD
BEEBEDDENELOND. T, F-HORE, HOHEOREELRITT T LHMEE
Ihs.

FITAETE, EEFBSROIESES:E TR 54 ~0 RF ORESEFRRIOFIFANE, At
R & BARBIFMERE L U —B OFRBICRIFT RN DWW T HICHRET 270, F1HE LT, i
PERRSY % FRBL L 7o AR SRS T CIEE L72WAHICRNT, F28E LT, WEFRRS K USS
BRI AR S LT BBt FORAITINT, FROFIFME, BAMR & APl SRR
BIUE—BEEEORBERITTREICOWT, KBRH, OHEEERSIUE - BRORERER
DFFE LR TENEIRRI LT,
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4FEE1
SHEE A DTS NI IR A T OIEERAZIT SERIORIRNE, AR, RTRIEE,
H-BPORERER, BRIRTEOIRESERR L OE—BOMRBIC RIS

FBFRETINT, SO SIFIE R I8 — B P TIEMOERIC & 0 ASRIVIN S hafms
3 [Reiser 1951; Jenkins 19931728, AAEAOSEHT C18:0 fRAEER C18:1 fEiEE Z < EEh
[Kemp & 1981], #a5ARkIOISE DR HBHTSEIHZ S W BRI BTN D. Ll
WE, BEFETORBFIENEEE—BRNOMEDIZLDIKRBMMCLRELZSE
[Huerta-Leidenz 5 1991108 —BNOEEL L 7' 0 B4 LV BED LR ABINCEIL S T35 E 1S
LAH 1985, ML 4AE 1986; Takahashi & Kayaba 199313, @I EEEARICEE Y RIS
Fr LALLM EN TV, T, Huerta-Leidenz (1991113, EBFICRER S L THE
+5E, BIEABIEAD C182 JEEENEIENEE o tHEL TS, i, Y VIEHLKH
1985; Takahashi & Kayaba 19931 % 7213 =8 H R+ LARHE 19861 AL T m B4 L BRIEZ NN
5 LB RBROMRIC LU, BCTARRS, PURARRS K OWAIPIIERS & bic C18:1 fElkks S OF
FESFSTREOEIS DI L= 2 LA RE SN TWS. &bIL, Al Xm98slL, BEfARR L
USSR 5B L A ORSIESKER & DEHRIC DV T HRETL, REFSHIS T T 571
FORSAEEDSEETRL S © $ B\ & &, BERREIOE —BNOBEEREIEFEL Y bENZ D,
TSI T IS — BT BRI EE~ DRI A5 L 720, BIRO A
FEREDEIENE L o7 L BEL TWD.

—F, E—EHECEAT B ¥EIL, S -BORMEEAHER L TRRASHENZED OMEL A
FBH[EF 19861 L Z 2 bR TW5. FHAOFE-BRICEREE 7' v U Bk L UBERD KRR
EERE LTS -B0SSEXTE L& [Sander & 19592 L2 &, EMAILL, rbd i
BRADRE CHREOREMBE SN, Tamate 5[19621H FRk2RERE THE AL THL, B

HAREORET S 0 UA VR, B\ oI IERMEAEEE (VFA) OB BRI O OHHEITIK
FLTWABZ LEALMNI L. £z, SREOyEIHEE b IRENCES L TWH Z L biRE Sz
[Tamate & 1962].

SHEMERRS % AR U - AR A B CRA 5 LI ARRISR T O L7258 3 55 1 HiDBREE R
5, HE—EHMALE RF) ORSCEVE-BAROT oA L BICHT DEREOLRIT 1 BZ@ LT
E<HEBL, FotA U BEOREIEREY, H-BNRADERRERNEE AR TH o7 2 L5
B

TNOOFRERMND, HHEMRS 2T U RS S48 LT BRI FORS~RF 28575
L, B—ENICRT AEREHOREBEROEREEIGE WAL, REFIEE LIRS, RROF]
P, BRSNS SRR L U — B ORI B RITT Z LB X bvs. Ll
PR, FERIEDIR REHIAIZ L A CRREET, SHEMRSY & TR L 7 IREARE  24G LI BRI
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TORLZ RF ##%5 L TIES Liz &  OFREIOFIFMY, BRArERORPINER ORI ESERS S U
— B EHBOREIIRIET B OV TR LIS . RADIEEHICIWTRE 24
IMTFEER LT 7201213, RF OHEEERE U TAELAHSEHALMNITHZ LBLETHY,
IZAADIEBIZIIT AFHID—o & 2 ZEIZOWTOMBE/D Z &, 72 bNIE - BREOIE
R L R A E B ORER BT A BT — Y I L TR ZLREETH L LB
na.

F I TARBRTIY, RVAZA VREEBEAIC REF 215 1, SRS 2 T Lo BEimanisia
ST IS L & & OfFstoR B, BAEHOISTESERLE £ OF—B OFRRIC RIT TR
WIS L, $7-, SIEEBRMCORBIEHE, BHTECER LUE —FRNOREEERIZOWT
L TRE L.

MRS LOE

g

AR TIIARN A Z A REEE A ST A Ui, M ENRIE L 2D K DI 48R
S0 2 BZFNTIRY 1), AE L LT RF 285 L2V xifs RF #5) L RF 2575
B (RF #&%5) #RELE. S35 CIE4% RF BR5 & RF #5ICRY o7 7= 2 3 5RBEsG
BRE L. SREABRMARSOSLEOGE (FYEEERS) 13, RF BR5 401+26kg, RF &5 399
+929kg Th 7. RF 1T 1884720 3 EEREA#E Uiz RF OREIIHERA 12 RERICERE L7,
RF $##5BEDMEAFD Al 12 7~ B Th o7, AT, HERE TR BT L EZ £40E
DFEHEET 7T50kg & LTIEE L7z, SLEICRIT AIEE ORI, RF ##%5 340 H, RF &%
5350 B ThoTe. 728, FBRAHEAITZEAR 3 » AMOBIBERZ T, BIBEAPIZERA
CEBOEERFM U T, BEFRSROFRSETIZEST720, SR &2 35IEH
B U THRA AT o7

PLEERpEL & R T

TEEENT, BRI LTS 3 EE 1 SifEREEL L MROTREL S EE (s « SFIELAE
£ RF #%81, SEMESHAREH AV £k, HfasE LT —F v — N7 AL ORERE
FRBATE THRE L. bbb, AVVEZENT 10cm (ZETL, 1 A 1885729 0.2kg 2RI
BHERA L TRAERE b 19 » AREEE Tlab L. 20, BEEITRERZR~ IO LT 1 #H
TEHG L L. #5 LR CERARIEER 411 (R L. REFBORS &L, ZADOK
BOEERO 1 BREEIC/25 L O L. FRHEIED, SUBESHROEREZEIREL, &
EREIIRE L TR, SOEORERE)D 1§87 OftHERELRH Lz, £, Sfpo
BREITREEIOIR EEIE M HROIZ.

ERRESIRIS, REEEE LTAY, 1 B4 OB L LTENTER L. FROBEHI1 B 1
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[EI481 9 B 30 AT o7, 7k & EAIIIEBABRAM 2@ C TR RICERTE D LD IT L.

BB, IEBORBRIIMIC 3EFERE L. STREROMRFD Sl (FOFETFERD
1%, 14 » B (513+£30kg), 17~ Al (616+£37Tkg) BLU20 » Al (696+=46kg) ThH-o7-.
ITEOBRIT, S1EE2EHEFRET, EAL AGEERRAI AT XA LTTAET A At Y b
La—F—EFAWTIiTo7e. FEAEAN A T OB, FRERE bITERREFMA ORTHIZITY,
BRI L L FBRAN A T % 2FCE L TR T2 L 0 ICENTHEE L. REOHERMRL, &
FEREL E 0127 UCHRET — 7 AERET S, R L b 72 FOITE R T SRy
L7-.

ITENDOMNTIY, BIRAERLE LERHS SRR S L, SET — 72 BE LN b HRRTE DR
BrOOITEERE A 08 L UT o1z, 37, 2485 (1,440 &) DBERRE b DV 7ILERIC
453, 288 DY TNA (BY U NEIROKD DBHE) OTEVE &L, Tha 3EIRELZ. 2
B, TEEEEE, &Y VRSB B EATBIORE A SR L T IARIRD 5 &R T, A0
DEES TR LT 1882472 0 ORI E L CaEH LK.

1R & fRRks L USED AT

LRI, IEEHMT 3 @EMLEZ. SFIHERRERRFORRAFO Al (FIFELE
HERE) X, 16 » A (583+36kg), 19 » Akh (675+44ke) ILV'21 » Al (715+48kg) T
hote. EOEBUL, BWMEEBREL 5 ARMEL, 1 H 26 (T 10 B F# 6 1To7. FEL
L33, $1EE 25 L FC, SRR TERITTHRL, HTETHETRELL

MEEOBERT, BRAHRS ZESY L5 index 12 AV TITo 7z, faEHS JOEPO—ARAR
D52 BONTHIENEWE (OCC) B L UHIRREESERME (OCW) DONENS, 5 1EH 2L
AR SR L7,

B NOFEREERIE

E-BAORBHEROFEREE (E—8NAK, 500ml) OFBUL, IEEOHBHIMT 3 BHTV,
W ERBRAE T4 BRI IR LTz, SRR, &RER L bFRIOFRRASATR USRS
B4, SBXON12BHHE GH4R) &L, BOHT—7 (BiHERE ZAWTERERERL
. BRLEE-BAARI-EN—ETAHAL, F1ES2H LR, pHi2AWTE-BR
pH RBIE L. 0%, B LE—BAFRL Sy 2 T30 CTHRERFLZ. &1&
VFA OHBEEER SO e THREFEEOAEICOWTE, B 1EE 28 LFRIAT .

TR & APl OB ST
FEPIMEROBIE & #AH D, AR B B A RIS 1988110, AARARAHED
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BATBIC L W Ef S, B, o—RREIEL 0O EER L. HEEESOE LY ADE
6~7 BB TIBEEE GELHMAD OREDD lem & Uiz, Fiz, R TAEMMIESEANDE 6~T7 HrE it
B (BBEMAD OIEAEFRSIMAIOEMIYHA 10g BB L 7. [FIRFE, A A0BEEEIEZ#) 10g TR
L7z, REHISHITIZHET 2 £ T-30CTRIF LI

HISEDHIED 5 b, v—AGLIELOIEINT Y v 7 A L—hitiElEH 5 19710, BT & Blid
JBFEREIE Folch 51957 0A1EE AW TIToTz. v —A LIE S OFBAPIRIRCOWTIE, AR
Ba7ABhT Lra~ N I7 —ZLVDELE. TRENOIFE COBEMEDOHBERT,
5% (V/V) EKEEEA & ) —/\IEIR%E BV CREEED A FAT X T k% 95C T T 3BFRHT, H
Aywaw b 757 4— (3300GC, Varian th) ICXVFEME LT HARI a~ NIT 7 4 —OEEEMHF
IFULFOED & L. AT L LTEXYEZY—h 7. (DB-225, J&W Scientific #f, 77 541
A+ 0.53mm X 30m, =I—F 4 > 7Hl : 25%Cyanopropyl, 25%Phenyl, 50%Methyl polysiloxane)
EERALE. Xx UTHRAIEREZA, 05T 10ml,min & L, H%tLiT1:50 & L. #&
BEA A ISRV, FOFEET 15ml/min & L. KILERET 220C, H7 AMEET 210C,
T 477 Z—REIX300CE L.

FERAOBLRITIPE Imm OFEARE % AV T EFRREZRE L7z,

FE—BORRERE

F-BIIEERRETH, BHCTERLE F—8IEEHZTECRY, EEZELL
FO%, B -BOMEREDT-DIZE—BD 4TI AHI L7z, §72db, HrTE% (Cranial sac),
%%k (Dorsal sac), fEEEA (Ventral sac) BLUNEHEE (Caudoventral blind sac) DEEMID
—EEE (10cm X 10cm) YV ERY, 10%0FL<Y o TEEL TURELE. $—BOWERE L
LCREEEOBE L RSICOWTER L. TOB, 5 80 450 bER L i=sBlosim &
HRETECHVEEL, lem?OFIREEBIMICES, AXCERICEIMEZALN, lom? (lemX
lem) BEOFEREIE 3 EER L. 20 lem *BEFOIMEELFHL, HEEOBEZ RO, [
BRZ, Smm L EO¥HEOR S EFHEIL, RSFUCHEEL.

At

BoNI-ITEIT— 413, Mann-Whitney ® U-REAE 1999]% AV THIETO 3 [EID2fEEK
DFET—F H SUFBROMEE LB Uiz, GRIOFIRME, Hpteik, HRfElOlRlmstERs K U%
—BHOWREICETT 2% T —4#13, Student D tHEL AVVTEEBONAEL B LT, Fiz, HF—
BADOREEIEROBAT— 213, TRThOFRERICRIT 2LEEOBHEDZEL t-HREIZLY
B U=, 7238, B%UU T OMRERITHANEEENHD L L, BIRE 10%LL T OHSIHERD H 5
L L
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R S

F 412 IIEEFAROSHIMICRT AKE, WEE FRAERE SFRHERES L OFRER
RYIZOVWTR Uz, JEBRBRK TREOEAREL, 3R HIZTR L CThol. TG AR,
WA EZE) 2L, RF &5 1.08kg, RF #5 1.02kg Thotz. IEERFK THROMES, M
BIOEEICOWT AR EZ= e o 7. HERBRARE DI TREE TOREBHR T D 1 87
7 VEEHERE (EWE) 13, RF E#25 3630kg, RF #45 3,640kg Th-otc. FEEEREZOWT
%, RFEE99, RF#5 102 THY, LEMIZKE2E DT

HEMBRORRE (Al BRI AREHERER L OB & 41-3 (R L. 1 B 18

Wi OB LU OCW BREIL, 14 BEU20 » ABRHIRW TR L HIZIERER ThH > 7.
1 B %79 OfFpHEARRNL, KA b RF 82523 RF E8R542 TRV, LERICHEEIRD
btz (P<0.05). 1 A7y ORBRENY, K#EkrL b RF %55 RF #R5% FRY, RF £
5L RFBREOMIEEENH 7= (P<0.05). F£7z, 1 BH7= ) ORIEBEFRNZOVTY RF #5723
FEY, WEECEEENEO LN (P<0.05). 1 A% OFUKEEEIL, ABERICE D Rh o
7.

A (16, 19X TN21 » AEpER) 21T DL JUNERME R 4-1-4~4-1-6 12T
FISRUT-. 16 » AlEE (32 4-1-4) IZBW\TC, Hf#EOELERIT RF 8#52MK< (P<0.05), o
ORIV TIE, RF &5 L RF BRESOMICEEZEN 2D o7, "IELESKRE (TDN) &k
FUTTBHERE (DCP) (Z oW THLEMICEREN2h o7, 19 » Al (& 41-6) T
w, i, HMERE, HIEHB LU 0CW DN RF &5 TR MERNEED b (P<0.10),
TDN 3 X DCP (Z-5u T % RF $#50MK BRI Th o7z (P<0.10). 21 » Al (R 4-16) (28
WL, MEAER S URIAEEREMOMLEN RF SRR LT RF &5 TRV MERRSH D

(P<0.10), DCP (2 T# RF #53ME MR TH o7 (P<0.10).

ZAKREE (16, 1933521 » AltRs) 1BV 258— B pH, # VFARERSLUE VFARKE L
FERE ORI LA 4-1-1~4-1-9 1 FENTHhUR LTZ. 16 » AlFOFEE (M4-1-1~4-1-3) (230>
T, BB pH 1T, BLERL b 6.1~6.6 OFEFTHER L, AR L bAERICEREN 2 o7
# VFA JBET, KUIERL H 70~100mM, /L O#FE TR E8E R L, SEHG5% 8 MDA
BT RF #574 RF £ 5 X 0 LIEVMER TH -7z (P<0.10). EESREIZOWTIL, S VFARE L
PR ARRHA 514 8 BFFEIDFRERSF T RF 5 MEL 2207 (P<0.05). 7'm b4 BRUREE & BERRIREL
13, RRERL LERNCEEEN 2D 0. BB LU A VEEOEISY, SIHARE bR
RICHEEN L, Bt/ a4 8 (A/P) I oW T ORI BN eh ot BEERDE|
A, BFEREL L RFREMNEEY, fAEHE5% 4 BL0 8 Bf#lOFHARF T RF B 5L Y RF &%
5 ERHERS bz (P<0.10). 19 » BEHEOFRE (K 4-1-4~4-1-6) (2T, HF—BEANpH
1, RREREL DAERICAEEN 2L, 6.3~6.6 DEFETEB L=, # VFA BEL, SO ED
60~90mM,/L DEFTH Y, EREHEE% 4 BEHEIOTARFC RF R55M&0 o7 (P<0.05). Bk
B, £&78EEEL b RF #5723 RF ER54 TEY, fAEHeE 8 BN © RF RE52ME #

113



MTHotz (P<0.10). 7o BEREY, SRERL LIEMCEEER 2T, BERRED,
EREHA 1% 4 BEEOFEAR T RF #5MMEVMERTH-o- (P<0.10). EHEEOEIGIL, fakHa54% 8
B B IO T RF®RE5MEVMEATHY (P<0.10), 7' AL BOEIGIL, FEHeEHR4LT8
FERDFRARE T RF #5058 A H Y (P<0.10), AP b, RF &5 04 RFRELEH
L HIRL, EEHAE14 8 B OTAR CIIEMICEEENRO bz (P<0.05). 21 4 HihF

(X 4-1-7~4-1-9) OFEIZIBNT, F—BApH 1L, FLFEL L 64~68 OFFHATHRE L, &
Bl LR BN 2D o7, B VFA BREL, S L 1 80~100mM, L 0#FHTEHL, &
Toahr & LAERIICEESEN e o 7. BEAREE L EERIREY, £FRARFL L RF ERE L RF&E
DRBRNCERBEN e yoTz. T atA U EERED, fEHeERTD RF RREMEVMER TH -7

(P<0.10). FHFNo VFA ElE1T, FRERL DUERICEEEN2L, A/P LI DWTH RF
5 L RF REOBICHEEEN 20T

£ Bt (16, 19 BIV 21 » BiE) 1CBT 27 - E=TEERBEORRIEER 4-1-10
(R U, ToB=TREERREL, 16 BLUN19 » ARF CIIALE L b 7~11mg,/dl DOFFE TE
B, STEREL QUERICEEENR D o7 21 » B CIIFEEN 2V LOO, RF &5 X
D ¢, RF |ENEFERE HE<, RF E#%)5 8~13mg /dl, RF &5 11~15mg /dl DOFFH CTELE)
L7

KPR, BADSEEIEER S O ORBRER 417 R L. RREERR, WEMICE
EBENRD . BREART, FOEE DIZIRETHo. n—REEEL IO DE ST, AR
WCBEENRD-T-. B FEHOEZIZOWTIE, RF #57)° RF 8i25% FREl-7-753, ABERICH
BEIBRO O o, HEEEET, MOEEY 69 ThY, WERICEEEN oot 4R
G (BCS) 2oV TiY, RFBEAEVEATH -7 (P<0.10). FislizgEsksE BMS), AD
HE D L2 DOSRER I UYEEEE BFS) 1%, £IEE & HIEMICEEEN 2. £
DOFER, BAOHEZRERICTHE L - WESRKIEL, RF 85 23, RF&RE20 &2y, WiE
L LIRERE ETh o7

# 4-1-8 [TiTn — AR L ONE S OFFNOFIER & B72 b ONI K TRENSR L OBIBEBEE Oft
BAETR L. a—A, 1356 L LICHANOHIBIF S &, TEBE bR Tho7z. JalhDRiRIC
DWW, BFAENS, BIEAEIES L bICEBRICEEENRO O, ML bIHERE R EE
oLz

F 4-1-9 ITITRE TSR L OBIBE RIS ORI E AR H N B — R R KNI L DFf
PIPIISAAD RS E ARG A7 L=, B TAERATIL, RF &5 5LV b RF &#50 C182 (&
FH . THIFRE SR T8 E o7 (P<0.05). BIEEABISAIZ OV THE, RF EREICHEL
T, REBE®D C16:0 JefEeME<  (P<0.05), RF#50 C18:2 fefifilk & kFEEK 18 O EaFniER
EESE T2 (P<0.05) . o— A RDFHRIPRIERA T, RFE 850 C18: 20 E\ ME% 7R L (P<0.05),
C18:1 flgfihls L R 18 DRAEIFERAEMZ O\ T RF 5 2 RF &R5% LRl 7-. iE5OHH
PIERSIC DUV TIE, C181 fgihls, C18:2 AElAlE L OYRSREL 18 O ESffeEE L b RF &5
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RF &£ 5 5 0 b@Eho7- (P<0.05).

E—BEBIDOEHENEE L EEBIVE —BOEEEE 41-10 I, FHEORSHOHER
4-1-11 ICFNFIVR LT, EHEOBEIC WL, ZRENOEMLL b RF E#% 5 & RF REOL
HRCESEN e o7, 5mm P EDOFHR TR L3R EOR X113, HEEF (Dorsal sac) (230
T RF #5»%8< (P<0.05), fhod 3 ML CIIERICEEEN2h o, B—BOEEL, ALHER
ICRE IRV T, B EBIDOEMEOEIZOWTIL, HATEZE (Cranial sac), HEE, BFE
& (Ventral sac) BLUNEHZEE (Caudoventral blind sac) DEHNHLE b 4.9mm LLTFDOHHED
EBNEH T, 49mm LT OEME TR EEN 2o 7. 5.0mm BLEDY¥HETIL,
HHIO 5.0~9.9mm TRF #5307 (P<005), MOWATER, MHMS L UMEEEE T
BERICEBENTRD bR Tz

zZ £

ARERTINT, FRERRIFEEN VL OO RE B EIZHESR RF #5038 FE»o7. B
EREE 4, TREXV9 28 (16, 19BLV21 »~ Akh) FHIER LIIHERBROERTIE, D
LR & & B 5T LT RF BBV MERSTRD SN, E, AR TORH GRS TR
[CEM L7 3 EOE—BHNOREBIEIRAE CIL, # VFA BEITEHFER L bERSICHR LU TRE
RS U AEMRRE MERIC o7, LEdio T, ThbHOERNFEL, RF #EOFEESR
M RF 5 IC A~ TEDBED - T0D>h Law.

S & A (1985135 L U Takahashi & Kayabal1993li%, b &RV EBRBRIZRNT, 7'm
A B OFIE 5T & BB TR TREAD C18:1 ARiflE 2 b ONZ B BRI L UYHRPIRES
DT EFIIETEE S I oo 2 E R HE L, 7 4 U EENMBIB O REEFUL A (RET D Z L &7
L. 7, B LiiE1986li:, ERIEFHIIIT D VEA BRGSO EFRIEA ORRESRRIC
RIFTEEIIOWTIHEL, $—BR~07 1 "4 BRSO & 0 AAEL, Wi S b
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ST E28) LY, RF OREICL ) E—FNRMAOEERER® 25 Z L 2B LTIz, A8
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Eh, ERCARTFIEBEOEIEMNER > TW-ERE LT, F—8RICRT 2 EBEROBESE
EOE REZ BN, bbb, RF OREICLY, ERERIOFE—BHORERRIME 2,
BN TOMEOVERIC & BKEIRIE e SRR P OREEFE RS THEIE LB I\ T
&h, BIEIFRICERD IAEh-b DRSNS,

ANMES[19851Y, BEFFER LTV R Z A VEOEBIEBHIRIT 5 n—AG0MHEE Bl &
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L LB EOMEREISRD b, JEEEL CTIImmfE L b ERHE CTL L THERE 2R
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PE—FNICEERET A LIS, B BEMENRETHZ LR FL L. Tamate 5[1962]
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117



Table 4-1-1.  Chemical composition of concentrate and grass hay used in this experiment

Contents (% of dry matter)

Composition
Concentrate” Grass hayz)

Organic matter 95.8 89.9
Crude protein 12.9 154
Ether extract 4.8 1.7
Nitrogen free extract 71.8 30.1
Crude fiber 6.3 427
Organic cellular content 68.3 18.7
Organic cell wall 275 71.2
Crude ash 42 10.1

Y RF Koki (flaking and meal, Snow Brand Seed Co., Ltd.),

? Mix-seeding grass hay in which orchardgrass was main.
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Table 4-1-2.  Effects of RF dosing on live weight, weight gain, body measurement and feed utilization
in growing-fattening steers

Item Control" RF treatment” Difference
Live weight , kg
Initial 4013 + 258 3994 = 294 NS
Final 769.3 = 52.0 7576 =+ 50.4 NS
Weight gain , kg
Total gain 368.0 + 334 3582 + 312 NS
Daily gain 1.08 = 0.1 1.02 = 0.1 NS
Body measurement , cm
Withers height
Initial 1268 = 3.0 1274 £ 1.0 NS
Final 1486 = 2.6 148.9 = 0.6 NS
Chest girth
Initial 1723 = 59 1720 + 3.6 NS
Final 2285 + 113 230.1 + 34 NS
Abdomen girth
Initial 2055 £ 7.1 1973 + 74 NS
Final 2704 = 159 2588 + 142 NS
Feed intake , kg/head
Concentrate 3590 3600 -
Roughage 40 40 =
Total 3630 3640 =
Feed conversion ratio 99 = 06 102 + 1.0 NS

Values are mean + s.d. for four animals.
D Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
) RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

NS: not statistically significant (P =0.10).
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Table 4-1-3.  Effects of RF dosing on feed intake and chewing time during eating and rumination at each

stage of growing-fattening in steers

1st? 2nd" 3rd"
Item Difference
-RF? +RFY  -RF  +RF -RF  +RF
Intake, kg/group/day
DM 42.9 41.1 384 33.2 37.5 38.7 NS
OoCw 12.1 116 10.9 9.4 10.3 10.6 NS
Time spent, min/head/day
Eating 904 804 76.7 708 879 675 P<0.05
Rumination 2788 3242 161.3 3325 1644 2054 P<0.05
Total chewing 369.2 4046 238.0 4033 2523 2729 P<0.05
Drinking 20.0 258 55.0 40.4 28.3 304 NS

Values are mean for four animals.

Y 1st: 14 month age (average body weight 513kg), 2nd: 17 month age (616kg) and 3rd: 20 month age (696kg).

2 -RF (Control): a treatment in which mechanical stimulating brush (RF) was not dosed into the mumen.

9 4RF (RF treatment): a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

DM: dry matter, OCW: organic cell wall, NS: not statistically significant (P=0.05).
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Table 4-1-4.  Effects of RF dosing on digestibility and nutrient content at 16 month of age (average
body weight 583kg) in growing-fattening steers

Item Control" RF treatment” Difference
Digestibility (%)
Dry matter 833 *+ 66 772 £ 28 NS
Organic matter 847 £ 65 789 = 28 NS
Crude protein 838 + 75 797 + 42 NS
Ether extract 890 + 5.1 86.9 += 3.9 NS
Nitrogen free extract 893 = 53 863 = 26 NS
Crude fiber 529 % 139 244 * 89 P<0.05
Organic cellular content 962 + 2.1 947 = 1.7 NS
Organic cell wall 647 + 14.1 515 = 54 NS
Nutrient content (%)
Total digestible nutrient 724 £ 54 677 £ 24 NS
Digestible crude protein 108 = 1.0 103 £ 05 NS

Values are mean + s.d. for four animals.
D Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
2 RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

NS: not statistically significant (P=0.10).
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Table 4-1-5.  Effects of RF dosing on digestibility and nutrient content at 19 month of age (average
body weight 675kg) in growing-fattening steers

Item Control” RF treatment” Difference
Digestibility (%)
Dry matter 860 = 39 813 + 23 P<0.10
Organic matter 874 £+ 4.1 828 £ 20 P<0.10
Crude protein 879 = 4.1 829 + 27 P<0.10
Ether extract 928 = 24 883 = 3.1 P<0.10
Nitrogen free extract 919 + 3.1 89.1 = 20 NS
Crude fiber 538 £ 54 385 + 8.0 NS
Organic cellular content 970 £ 16 957 £ 0.9 NS
Organic cell wall 709 + 82 607 £ 46 P<0.10
Nutrient content (%)
Total digestible nutrient 748 £+ 33 709 £ 17 P<0.10
Digestible crude protein 113 £ 05 107 =+ 03 P<0.10

Values are mean + s.d. for four animals.
1) Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
2 RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

NS: not statistically significant (P=0.10).
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Table 4-1-6.  Effects of RF dosing on digestibility and nutrient content at 21 month of age (average
body weight 715kg) in growing-fattening steers

Item Control” RF treatment” Difference
Digestibility (%)
Dry matter 86.8 + 47 823 £ 23 NS
Organic matter 882 = 46 840 = 21 NS
Crude protein 895 = 40 846 + 26 P<0.10
Ether extract 929 + 3.1 89.9 £ 09 NS
Nitrogen free extract 921 = 29 889 = 1.1 P<0.10
Crude fiber 555 + 190 446 + 10.0 NS
Organic cellular content 977 £ 13 970 = 09 NS
Organic cell wall 71.0 + 105 60.5 + 6.1 NS
Nutrient content (%)
Total digestible nutrient 755 + 38 720 £ 17 NS
Digestible crude protein 115 £ 05 109 + 03 P<0.10

Values are mean =+ s.d. for four animals.

Y Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

? RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

NS: not statistically significant (P=0.10).
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Fig. 4-1-1.  Diurnal changes in ruminal pH, total volatile fatty acids (VFA) concentration and ratio of
acetic acid to propionic acid (A/P ratio) of rumen fluid at 16 month of age (average body weight 583kg) in
growing-fattening steers.

Values are indicated means =+ s.d. for four animals.

O: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
1. P<0.10.
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Fig. 4-1-2.  Diurnal changes in acetic acid (C2), propionic acid (C3) and butyric acid (C4) concentration
of rumen fluid at 16 month of age (average body weight 583kg) in growing-fattening steers.

Values are indicated means =+ s.d. for four animals.
O: Control, @: RF treatment.
Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
*: P<0.05.
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Fig. 4-1-3.  Diurnal changes in molar composition of acetic acid (C2), propionic acid (C3) and butyric
acid (C4) of rumen fluid at 16 month of age (average body weight 583kg) in growing-fattening steers.

Values are indicated means + s.d. for four animals.

QO: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
1. p<0.10.
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Fig. 4-1-4.  Diurnal changes in ruminal pH, total volatile fatty acids (VFA) concentration and ratio of
acetic acid to propionic acid (A/P ratio) of rumen fluid at 19 month of age (average body weight 675kg) in
growing-fattening steers.

Values are indicated means + s.d. for four animals.
O: Control, @: RF treatment.
Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
*: P<0.05.
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Fig. 4-1-5.  Diurnal changes in acetic acid (C2), propionic acid (C3) and butyric acid (C4) concentration
of rumen fluid at 19 month of age (average body weight 675kg) in growing-fattening steers.

Values are indicated means + s.d. for four animals.

O: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
1. p<0.10.
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Fig. 4-1-6.  Diurnal changes in molar composition of acetic acid (C2), propionic acid (C3) and butyric
acid (C4) of rumen fluid at 19 month of age (average body weight 675kg) in growing-fattening steers.

Values are indicated means + s.d. for four animals.

O: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
t. p<0.10.
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Fig. 4-1-7.  Diurnal changes in ruminal pH, total volatile fatty acids (VFA) concentration and ratio of
acetic acid to propionic acid (A/P ratio) of rumen fluid at 21 month of age (average body weight 715kg) in
growing-fattening steers.

Values are indicated means + s.d. for four animals.

O: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
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Fig. 4-1-8.  Diurnal changes in acetic acid (C2), propionic acid (C3) and butyric acid (C4) concentration
of rumen fluid at 21 month of age (average body weight 715kg) in growing-fattening steers.

Values are indicated means =+ s.d. for four animals.

O: Control, @: RF treatment.

Control; a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
t. p<0.10.
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Fig. 4-1-9.  Diurnal changes in molar composition of acetic acid (C2), propionic acid (C3) and butyric
acid (C4) of rumen fluid at 21 month of age (average body weight 715kg) in growing-fattening steers.

Values are indicated means + s.d. for four animals,

O: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
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Fig. 4-1-10.  Diurnal changes in NH;-N concentyration of rumen fluid at 16, 19 and 21 month of age
(average body weight 583, 675 and 715kg) in growing-fattening steers.

Values are indicated means + s.d. for four animals.

Q: Control, @: RF treatment.

Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
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Table 4-1-7.  Effects of RF dosing on carcass characteristics in steers

Item Control" RF treatment” Difference
Live weight, kg 7693 = 520 7576 * 504 NS
Carcass weight ¥, kg 4567 + 220 4528 + 245 NS
Dressing percentage ® % 577 + 2.7 59.8 =+ 1.5 NS
Rib eye area, cm® 380 =+ 2.0 368 =+ 4.6 NS
Rib thickness, cm 63 =+ 0.3 6.5 =+ 0.7 NS
Subcutaneous fat thickness, cm 1.7 =+ 0.2 24 % 0.6 NS
Yield score © 693 + 03 687 + 1.1 NS
Marbling score 9 23 &+ 0.5 20 =+ 0.0 NS
Beef color score © 40 + 00 50 + 08 p<0.10
Firmness grade D 23 + 0.5 20 = 0.0 NS
Fat color score ® 20 + 0.0 20 = 0.0 NS
Beef quality grade 23 = 0.5 20 =+ 0.0 NS

Values are mean = s.d. for four animals.

D Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
? RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
? Chilled carcass weight.

® Chilled carcass weight / Live weight.

o 67.37 + (0 130 x Rib €ye area sz) + (0.667 x Rib thickness cm) - (0.025 x Cold left side weight k ) = (0896 *
g
Subcutaneous fat thickness cm).

9 Beef Marbling Standard Number, rating from 0 (none) to 12 (most abundant).
©) Beef Color Standard Number, rating from 1 (very bright) to 7 (dark).

J Rating from 1 (rough) to 5 (smooth).

® Beef Fat Color Standard Number, rating from 1 (white) to 7 (yellow).

NS: not statistically significant (P=0.10).
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Table 4-1-8.  Effects of RF dosing on meat composition and melting point of subcutaneous and kidney fat in
steers

Item Controt” RF treatment” Difference

Meat composition, %

Rib eye
Moisture 589 =+ 2.0 59.0 = 1.9 NS
Crude fat 147 3.1 147 £ 2.1 NS
Crude ash 09 + 0.0 09 = 0.0 NS
Rib
Moisture 50.6 =+ 438 513 + 2.7 NS
Crude fat 286 % 6.3 267 = 2.6 NS
Crude ash 07 =+ 0.1 0.7 = 0.0 NS

Melting point, °C
Subcutaneous fat 30.1 =+ 1.0 296 = 1.1 NS
Kidney fat 469 + 0.1 450 =+ 22 NS

Values are mean =+ s.d. for four animals.
D Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
2 RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen,

NS; not statistically significant (P=0.10).
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Table 4-1-9.  Effects of RF dosing on fatty acid composition of subcutaneous, kidney, 1ib eye and rib
fat in steers

Fatty acid ® Control"” RF treatment® Difference
Subcutaneous fat ”, %
C14:0 40 + 04 42 + 04 NS
Cl4:1 27 £ 04 28 =+ 0.8 NS
Cl16:0 304 £ 13 294 + 04 NS
Cle:1 77 £ 13 84 + 26 NS
C18:0 82 = 1.1 74 + 18 NS
Ci18:1 444 = 1.8 440 = 1.5 NS
C18:2 23 £ 08 35 £ 0.2 P<0.05
Ci18:3 02 = 00 03 £ 00 NS
USFA 469 = 2.5 478 = 1.7 NS
USFA/SFA 58 = 1.1 67 = 16 NS
Kidney fat ” , %
C14:0 48 + 1.0 45 + 038 NS
Cl4:1 04 = 0.1 05 £+ 0.1 NS
Cl16:0 339 £+ 23 300 £ 13 P<0.05
Cl6:1 1.5 + 00 16 £ 03 NS
C18:0 245 * 25 239 £ 29 NS
Cl18:1 325 £ 16 359 £ 3.0 NS
C18:2 22 + 08 33 £ 03 P<0.05
C18:3 02 = 0.1 02 = 00 NS
USFA 349 + 0.8 394 + 28 P<0.05
USFA/SFA 1.4 £ 0.1 1.7 £ 03 NS
Rib eye fat @ , %
C14:0 40 = 04 40 + 13 NS
Cl4:1 10 = 0.1 10 £ 03 NS
Cl16:0 325 + 22 303 + 18 NS
Cle:1 41 £ 03 40 £ 05 NS
C18:0 143 + 14 123 + 22 NS
C18:1 419 + 22 450 + 3.0 NS
C18:2 21 £ 04 32 £ 03 P<0.05
Cl18:3 02 = 0.1 02 + 0.1 NS
USFA 441 = 27 484 = 3.0 NS
USFA/SFA 3.1 £+ 04 40 + 08 NS
Rib fat @, %
Cl14:0 38 = 0.1 34 £ 03 NS
Cl4:1 14 = 0.0 12 + 03 NS
Cl6:0 283 = 09 269 = 09 P<0.05
Clé6:1 51 = 0.1 47 + 04 NS
C18:0 117 £ 07 110 £ 1.1 NS
C18:1 473 = 1.1 492 + 038 P<0.05
C18:2 23 = 07 33 + 03 P<0.05
C18:3 02 £ 0.0 03 = 0.1 NS
USFA 498 = 14 528 = 0.8 P<0.05
USFA/SFA 43 = 03 48 + 0.5 NS

Values are mean =+ s.d. for four animals.

D Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
2 RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
% Number of carbon atoms : number of double bonds.

® Total lipid.

® Neutral lipid.

NS: not statistically significant (P=0,10).

USFA = C18:1 + C18:2 + C18:3, USFA/SFA = (C18:1 + C18:2 + C18:3)/C18:0.
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Table 4-1-10.  Effects of RF dosing on form of rumen in steers

Item Control" RF treatment” Difference
Papillary number , per lom’
Cranial sac 546 = 79 571 = 114 NS
Dorsal sac 555 £ 96 612 = 99 NS
Ventral sac 501 = 7.6 485 + 6.0 NS
Caudoventral blind sac 498 + 2.0 475 + 6.8 NS
Papillary length , mm
Cranial sac 91 £ 12 91 =+ 08 NS
Dorsal sac 63 = 03 56 = 03 P<0.05
Ventral sac 91 = 13 85 £+ 10 NS
Caudoventral blind sac 76 * 08 80 = 1.0 NS
Weight of rumen , kg 151 = 23 144 = 26 NS

Values are mean + s.d. for four animals.
Y Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
2 RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

NS: not statistically significant (P=0.10).



Table 4-1-11.  Effects of RF dosing on papillary number classified by length at cranial, dorsal, ventral and
caudoventral blind sac in rumen of steers

Places of examination Control” RF treatment” Difference
Cranial sac
~ 49 (MM 440° + 82 (803) 444 £ 129 (769) NS
50 ~ 9.9 73 £ 08 (135) 80 = 15 (147) NS
100 ~ 149 25 £ 0.7 ( 46 ) 36 £ 17 ( 66 ) NS
150 ~ 199 09 £+ 13 ( 16) 08 =+ 08 ( 14) NS
200 ~ 00 + 01 ( 01) 02 + 04 ( 03) NS
Dorsal sac
~ 49 523 + 103 ( 94.0 ) 598 + 105 (974 ) NS
50 ~ 99 32 £ 10 ( 60) 1.5 £+ 08 ( 26 ) P<0.05
100 ~ 149 00 £ 00 ( 00) 00 £ 00 ( 00) NS
150 ~ 19.9 00 + 00 ( 00) 00 = 00 ( 00) NS
200 ~ 00 =+ 00 ( 00) 00 =+ 00 ( 00) NS
Ventral sac
~ 49 305 £ 53 (608 ) 327 £ 73 (671 ) NS
50 ~ 9.9 132 + 27 (263) 112 + 16 (231) NS
10.0 ~ 149 55 £ 33 (110) 47 £ 36 ( 97) NS
150 ~ 19.9 09 £+ 11 ( 18) 00 £ 01 ( 01) NS
200 ~ 00 £ 00 ( 00) 00 £ 00 ( 00) NS
Caudoventral blind sac
~ 49 374 £ 10 (753) 359 = 73 (754 ) NS
50 ~ 99 105 £ 16 (210) 93 £ 23 (200) NS
100 ~ 14.9 18 £ 14 ( 35) 21 = 16 ( 44) NS
150 ~ 19.9 01 £ 01 ( 02) 01 £ 02 ( 02) NS
200 ~ 00 = 00 ( 00) 00 £ 00 ( 00) NS

Values are mean = s.d. for four animals.

D Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
? RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
% Number per 1 cm’.

® Ratio for total papillary number (%).

NS: not statistically significant (P=0.10).

138



G S

RF OREAEEIOFIRM, AR, BAIEIEOISAESERE LU B RO ECRITT
BRI OWTRETT 2720, FNVA S A URERBIEF 8 AV, MR % R Lo REsEt

(OCW & & : #p 275%) ZHRTICBOWTIEEHRERE Ef L. HBRUENL LT, RF 25
L7V wffREE (RF EBRE, 489 & 1884720 3{ED RF 25— BNICR5T 28 RF &Y, 489
ZERIIT-. RF 0543, 12 » ABHCER Lz, M5kl LT, ML HEIMHE 0.2kg /8]
S B% 19 » BREEE TG LR EBieE & L, BESENIA eSS L. 1BIRA &1, EMCE
BEN2<, RFE#%5 1.08kg, RF %5 1.02kg Thorz. FEERFIZOWTIL, RF &85 9.9,
RF #5102 THY, MEICHEEN 2D o1, BB HIRNT, SEENEE & WESHRIIE
A=A 2ot ARPIEIAORSIAESERIZ I T, BTAEIATIE, RF 50 C182 fEiERHE
Ehol. BREFIETIL, RFEREIZHE LT, RF &50 C160 BT RIZEL, RF
#E5D C18:2 fElle & IR 18 ORAETE N RIS E) o 7o, B — RGO T3,
RF #50 C182 [EiBVE BB MR R LTz, (5 OB Tid, RF 50 C18:1 fEi/ES,
C18:2 figffftis X DRSS 18 DI REAFER ELAS RF RS X v bEEICE M o T2 HHEEOREL,
FEMLE b RF R 5 L RF BEDUERICHEEZEN 2>, bmm DL EDHEEEOR S,
HEEZBOCRFBRENFRIE 2. BEBIOHEEDEL, 4.9mm LUT THEEHEML & A
RICEBEN 2h»7-. 5.0mm Ll ETIIEEED 5.0~9.9mm T RF B#EBRFRIZDRD o7 LA
FOREERNS, FABRICHVTRESFRE 2 LIEBRHTIZRWT, RF 28535L,
ELOFURME, BAMERE U — B B ORE RIS TR IO\ 0, KPR C18:1 & C18:2
DTEFIEFEEOEIEDMENNT 5 Z L MBS & 7ot
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4B 28

BELE DY & 5 — BB R CREE LI IEBRRCRIT 5
EREOFIRME, BRIV RS LU — B ORI RIS 4 328

WAEDIEBE T, BV IBECREORELHIFT 2720, TRNXF—0REEER%< T HERDSH
B. TORY, TRV —EEBIMR IO B2 )07 L, B8R LD 55RO
FEZHRT HERE S AT A T CRSEERMATON TS, 20X 5 IREERRIZS ke OffiE A
T LTI, =AU T ¥ =V AR £ O LERRORAIE R EOBRIROFRADENL, A
HEDETFITEC DL /=2 HHEZ TS, L LanRb, EESEOR LR TOFMADRE YA
FHEETH-OIY, BIEREE L L BEEREIZ T OSERROE B & 5 WAAEED T H D
B ATLAPARARTHDH EBbND. Lo T, BEFEISERIC L 28EL V2L, AFDE
FEMER ) L &, TIIEO R VA E AET S LR T B AROBENLETH S L BPbh .

RADOIEBIZRBWT, F—BRMAR RF) 2FIFT 5 Z LTk 0 BE—BHE~ DY 2RI E
F%EIZRF TH, BELESRRY 772 & OB SR R #e 5 LRV SRE TR THE—
BHEER ERIRETEATRENSH Y, Jhud, PR EEEREED BB\ THkS 258
ETHDLEDND. LhLaers, AFOEERHI RF 25 L TRS LB &I, £
7z, BTEIODE 4 FE 1 FITRO T, ERROBRMT & DT/ 7 RREDNELE SN REEFRZ g
U, BEEIRIHRDE — BB DR RB R (M) & HTEERER LR T T=X
HELTEY, IR0 R R 246 LR T CORMIEERAIST D EEIOF AN,
KRR & B PIRERAERTS & UM — B OFZRBIC W THEEEIICRET S Q. 4DBEBIZRW
T, RF ZAIERATH70Ii34F 2 RERIRET CORFBLETH Y, EORFILELNT
%L DIREEAL U CRF ORAAETORIFIAEZEL D& THD.

I TARBRTIE, FIRHROE — BRI 2R V72 RIEERES USSR A AR
FHEE LIIEB S TIZRWT, RF OREIC K 2 BEEOER EAEEIORIANE, RAtER & &A
BERADREIBSIARI L U — B BB ORECRIT TR OWT, e ERE Lt Lt
RBORETT AL & L.

MRS KO
A & ik
FRERIIFNA S A FEEBHES 8B (THUMFE 226kg) Z AV z. #EAHT 40 BRIOBIEH
Witg, EEENFREL 125 £ 2T 4BTOIIHT, RF 285 L2ViR# RF BRE, BOFE
+1EHERE | 263+ 15kg) & RF 285328 RF &5, 264+21kg) D 20BEFRELE. RF D
BEITTHAE 270kg BHIER L, 1884709 3EEZRARSE L. ok, A LI ER
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750kg LA L, REEHIMA 16 4 8L L, IEBEEROE TREZE 2 OFE L ESHM OHMT L7

FAFBOWEEHEHT, RF RE5CIHRESEE LT 2 BROTROASFHE AR (ERsG : %
SV ER—R, AX o F—EH, BN ARHVEFERRED) &, EEEeE L CHAMAE<
SREREMOTNT 7 NT 7~ Fa—T7 L E— MOLVT %RV, RF BREIZITEN O O R
PHEOIRY BELE R V. BESBIOFAMEIORAEIGTEL, X/ X —aiingEm (FyEra
v, wAafh) 62%, FBEE (B, ST EM) 22%, AEMIEEE (KTl 5% L0
Of, (FNT 77 7 =)V, REEAIN T LA BHEf) 11%THY, FX /- LF—EHHNBE (b
vERaL, KEM) 76%, FBEE (- AT r74—F, ST 17%, EpEmiaE ok
T 5% L UM (REEANT T A, BIEM) 2% Thol. BEEIA—F ¥y — /T RE
FBORBHETHY, YRS 10cm & Liz. ZEEEIORERT, BTEOREEERXSZIC L UF
BILICBH L. bbb, ML bIEEERMT LR —0 BEEEE (1.5~0.7kg/B) %8R
EL, BEBIOBREREZRDE. TOB, SUBEOBREEAHSESH 2BEEORSEIS G
i, RF %5 16.0~5.5%, RF 5T 15.1~3.7%& L, SHEFRIOREE G NEEL 20,
FZHIRID BAZHSE BTV E L A EERSRE (TDN) EREB2FHET S & 5 IOEEFEE THRE L.
FREETEREIT 1 BE A BRDRR L L, BEE L THRRE AW TENTERS Lz, fRlofabiE, 1 H 2
[E1FR1T 9 B & 4714 4 BRIITV, RIEREL LB AIRS U THERDEET O&ieE L. SOk
5ROV, B8 OEEMERICENEROTAFERE, SHMT U TER L. K& B
FEEHMPEBICERTE L5l

TEARE

1TENRADIE, HEBRFORER 9 » Alh (EEE 35%g) BHIAIT-7-. TBIOEENY, BRI
&0 SFRFERFHTATYY, FUEE S 3[E] (3 HEDERD Lz, 0B, BEAROMEEAF»6HD
BEOHBZEE, 25 BOBIRWVEFNOBE L. ITEREORMIL, TRIOfEHs 58F
(FRTOBE) M OFROERAERT (F% 38D ETOERNE Lz, BEREL-1TEN, BR1T
B RBITEICH Y, STEIOREN DT £ TEHAIA Trsk L.

THALRRER & kS L UED 1T

TH(LRRBRIT, HRUFDAEDS 10 » Al (49168 393kg) BRIT->7-. DTREDTIE, 3 H
BTV, 1B 2B (AT 108FE 42 5RF) & L7z, BIRLI-ET, 60COBRAILSN TILRESE,
A B TR, BRI, BNAERS 2R E L TRH L. e JUEF DI EAL
ST, 31 EFE 28 L FRIIT o

EREHER B

EEHER I ISR SIROERE LB IRE L, REREIIRML TR, SHEOREREND
1BRS7- Y OFEHEREEEH Lz, $/o, SEEOENEIISEBORSEIED LROT.
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B BN BRI

EERBRK TR, BRI TE—BNAMEEDL, F—BNOREHERAEARLE LTRVE.
E-BNEWT, BbhRoTRICZEN—ETABL, 5B LIE-BNERIERMEEE (VFA)
OHHMET B F T30 CTHEIMERTFE L. VFA OSHTE, F1EFE 28R, HRI/a<w b
T 74— X BFETITo T

BPMEIRERE & AR OB T

PR (GEHRE ESR) ORI, F4EF 1 H LR RRNE RO BRICE
hEfESh. RACEREMLE, o—RE, 6, RTMERLIOBREAREESL L, F4FF1
i & AR5 1R % AV CREML OB AR DR R 2 34T LT

BE—BomERE

BE-BIIVERERICEBSENORLRY, B4AEF1HLFARCEBOEELZEIL, 518
IREIRIZ L E—BAEORIE X EM L. BIEHR, 45 (HATEE (Cranial sac), EE& (Dorsal
sac), FEEEA (Ventralsac) BLUREHEZE (Caudoventral blind sac)) ZEERU7-. FREGE DL
BIOBFEFEIOWTL, B4ER 1EHLFRIITo .

Al

178, FREIOFIRM, B—FRORERER, AR, RAEVOIEEEERS SO —B ok
WZBBT 2% 7 — %13, Student @ t+-REZFAVVTERZ LB Lz, 22385, 5%LATOEMRERITHE
BEEENHD & L, BIRE 10%U TOGaER» HD & L.

OB

F 4-2-1 [TIFBAIRITHE G LT ERIBIORREIE & R ORGSR R TV EN DR B AR = &
DOEENETRUTZ. 728, IEERROSHML, BITEOFEEOELE) LYW L CHERRRLSHE ~147
HZIEEAT, 148 A~303 AZEETHIFB L1304 A~HEAET A 2 AEEHEIL Lz, BESHD
BlaE, BEEHRROETICH-> TEM L. fa5EEloEghOleEsERmE (OCW) Fia1T,
RF 55 CIIAEERHA 30%70> 155 26%, RF #5 TIIEERHE 20%5 HH%H 25% &, K4l
b 4% Lz, OCW ElaDBER0ET, FENOREEHRME b/ha<, 1% T THho7-.

£ 422 (B IEBHHCRIT D4GE, TOBERE, FRAEE FEHERE, FRERER
FOBEBEREICOWWTR L. IEBRBRR TROAEEL, RF ER5 752ke, RF %5 754kg
Ley, ML BIZFR U Thoe. HOBERRY AIEEHME bAEMICHEEEN 2L, £
PEEHARI T RF &% 5 1.10kg, RF %5 1.13kg Thorz. SIEBHMOGEE, KR L OMHEC
DWTHAEMICE RS, FLBEE RS TH o7z FEOREREY, SEBEYWEL L RE
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5 50 Y RE BEMNTE 7. FREREIIOVTIE, SEEHN L bUERICEEERH 5
Nighotzid, IEBORPETIIRF #5743, %¥TiIRF ER53MRVEREZRLE. £, 2IEF
R COFBIEERRL, RFEHRE80, RF &5 75 Tholz. 72k, FUBOYHEE BT, RF
E5 443 B, RF#5 433 ATh-7=

# 4-2-3 |TTIEEFHE O » PR ([CEHE LIATERREORRE LR L. FROBRRREIL, &
ERICHEEN  eh ot BRI, FRERRINTRIOERERS 5% DA R OFRHESATE TD 6
RREIE WS Z b Y, SRS LN o720, RF #503 RF #1253 0 b RVVERFEO bhiz

(P<0.10).

& 4-2-4 [ZIZIEBEATE (10 » Al 125EHE L 7oL TR LN TH LR L USRS
SRUTE. FREERYOMEERIY, RF EREICHE LT RF #5035mh o7 (P<0.05). HHiRAZEY)
BOWERIZ VT RF #503& R TH -7 (P<0.10). F44EE0 TDN i, RF &5 69%,
RF #5 74%THY, RF BRENEL 255380 60z (P<0.10).

K 4-2-5 |ZITIEBHRERIE TR DI I1T D5 —BPHEDS VFA DRER L UMAZ R L. 5
—BAOEELRREEEY CHOREE, 70 A B JUBEBORER JOMANT, RF ##5L RF
B E DB BN e h o T-. ¥ VFA BEIL, RF &5 X v § RF #554Eh -7 (P<0.05).
P, FNLRERD 72, E—BMiEoO pH X, RF 88560, RF#559 Thotz.

BRAEY, BRAOSEEEER I OBAOKBMHERER 426 (TR L. BNERY, L8
(CHEENZ2L, FREAEIT, ML Y 60%RTHR L ASEThol. n—AEEEE ITLDESIC
DONT LB BT o, RTIEOBESICOWTE, RF ERETIT 1.6~2.4cm DO
IZH Y, REFETIZ48ED S B 38EA 8.0ecm LA ELEL Zeo7ons, ABEMICHEZEIIZRD b/
ol HEEEYEHEY, RF &85 69.7%, RE #5 689%Thv, NEMIIFEEN I -, 47
BEHE (BCS) (22oW\WTiE, RFERSE LY b, RF #E5MEVMER TH-7- (P<0.10). HBIZIHE
# (BMS), BT Y & EO0OSRERS L OHIEIEERE (BFS) 1, SHB L LILERICER
ENRD NI D 0T, BRADOHEEREINTHE L -NESRKEDL RF E&5 20, RF &5 23
L2y, ML b FRMEE R LT,

# 4-2-7 ik u—R LB OFARNOHEIEN & %7 L. v — RO 2 &1L, RF %5,
RF #5L LR Tholz. 1EL0IEFEEIE, RF#EE1SEVEA TH-7- (P<0.10).

ERERHF L OB R ERRRA DOREE ORI REIERR 2 SN r— A ElR L ONE DARI D PHAEE
OREPAESERE A3 4-2-8 (TR LT SIERAC OV TIE, Cl4:0 (5R5E%L - FEafES 080 IR
BT RF #57M%<  (P<0.05), C181 fgiAttTiI RF B#E1EVMER TH -7 (P<0.10). Fi-,
PRIEE 18 DRTETFIAERARE TId RF $#574° RF R 52~ 6%13 & EEl» 7. BB oW

TiY, BRI EWCHEICEEE RO ONT, ML bREEE Th-oT. n—REEAC
BUTIL, C18:1 fighhlis & kLK 18 DR EEFIEREE RE 5 TRRBVMEZ /R LIS, AEZET
2otz IEBIEIACOWTIE, C14:0 fEAEETIE RF #52MEVMERITH Y  (P<0.10), ABAHEET
DRER % 55 C181 fEBL T RF #5758 RF S5 5V 4%1EE&<, LB EENRD
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bz (P<0.05).

E—BENBIONMENEE L RIBLUE-BORELEELEK 42917, FHEORIFIOHK
EFR 4210 1CFNTIUR Uiz, HHEROBEEL, & 4 T HIZ RF #4545 RF 5% FRl>7223,
FAREEMLE LUEMICA R bz o7, Smm PLEOESR TR ULIZEHEOR &I
WTiE, HEE (Dorsal sac) (2B T RF #EMBRWVEMRIZH Y (P<0.10), fthod 3 E TITAL
BLLEREORS Thole. B -HORML, RF #ESETKREL, F -FOEEI, musEs
RIS OB ST Uiz, R SBIOFEHEEOHIZOWTHY, 4.9mm MUTFOHHEOEIEH %<, 49mm
LITOMHEETIIE 4 ML HIC RF #5723 RF B5.% Falo773, LERICHERTI -7
5.0mm L EDE R ZFIOEMEETIY, BATEE (Cranial sac), HWER, IEEAE (Ventralsac) &
UNE% E% (Caudoventral blind sac) & HAFERCHEEDRD bveh> o725, 5.0mm PLEDH
MEEORETIE, EEEBICBVTRFERS 88, RF#5 126 L2, RFBEENRZMERTH-
7= (P<0.10).

z £

HESERIP DRV O 5 b, HHEE OCW OLEHOZEIEEBEHM L bENTN 1%
LITTHY, ML HRSOBMERSERETIHBRREN TE LM L. —iiZ, B0
JEE TIIE BEEFHIFT 5720, TRF—EEDRV OGS B2 M DFREHEIMTH
NTWA. AL, ZOXD REETEC L SHEEOGERRTIE, V=X N TT57 b=,
FHBE, RAEREOEBENBEELLTVWERDIS. 20k, ThboDEELHIETOITE, A
HITBIT BB DML E RBHERE R HERF T D 1o O ORIEIRYLE e B A4 5T A NERH D L
bihd. AAfREEYE - RS BMHOKES BWKERINSHEEER 199512 Jiud, IEEHIRTS
FRRRHE DR LB RN T, MR ORAR 58S TR BRI D 15%L EDXMETH S, LIzid> T,
A AERRAESE R STV D HREEI OIS a 5 & 2T L COIUE RE 2R 5T 2 08383720, &
HERIIRWT, SRS LIHSRRORHAE COLEBHM P OFEHE5E181E, RF ERE5
T9.6%, REFET82%&72Y, IEEHINEEWIOIEEIE 2 L T b ole b D &
£2i3n5. 7B, RF OBREHZOIRIZONTE, IEEHERETHRAC RF 2B L TR 5R1D RF ©
TR E LB LT & 25, BTN TWB & 522 L3, REFOMRZHERFL TV,

FIEBRBR TOLIMES B Eu, REFENS RFERE L0 10 B, -7, RF 285 L0E
TIZ 4 BAD 5 HOD 2 8BNS BIFRIBERGEE T LT, MofEEL v b 3~5 BHER < EERBRE K
Tl Zo28EC LY RF #50EE A5 RF R EIC~EL ol b L Bbhs. 2EF
HiR o 1 B4 7= » OfefEHEENY, RF Eik5 3875kg, RF #5 3,677kg TH Y, RF B5DIL
HATFE-. Zhud, SREBEOIEEBEOENCEIAZLDEEZ LD, 1 H 184S Okt
BERECHLETOE IO LN, FHEEREIONERMOERRE NI &b, TOMEZLDE
BT i EHEE SN,
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BERFMEFEEL A, HRESRE (ERHOBREREGESE  FED 15%) L UBRELE
ST ((FED 2.65%) TEESNF-—ED RF REEBFHBRLELILS 1998 KIAKZS 1998lic k5 &,
B L L 2IEFHIROFEREREE, RF 285 LIAEEMER MEMICH Y, A8k & ERR22{EHM
ZRLTVE, FRBRICHOT, IEBREACEN LI EBROBRTIL, SO HEERE L RF#
52 RF %5 % EEY, TDN §&(IRF 285 LB RICEVEM TH 7. Z DTSR
DRERM D, IEBIHICISIT S RF B 5 OFBIESR%E) RF ER SR TR ThHo7-BEEHD 12
E LT, BEERRENSTZIENREZLND.

EBEEACRIT D VFA 1B 50 B R8s OB SRR BRI T BN DV CIRE L s
(A L1RE 1986lic & B &, F—-BRNTOT o 2 U BEOHIMC & 0 & ARSA, PlEERs & biz C18:1
RERABES L O ERFIEl B BEIN L. AIEEHEE TR (B [TER L7 —BNiko VFA
BER S UHMROBR T, MEMICEEENRZ2WLO0, RF #5070 v U EBRRET RF B
Sz EEY, 7ab A ORI RF #5455 mol%iIEmnofc. 4%, AERD L O efikisk
HTIZBIT B RF OREIC L 2E—BROREEERICETT 25 RENSLETH A 5 LEDIDA,
RF #5281 27 0 U4 VEBEOARLEOINDS, REGFfEFEE CH 2D C18'1 fRRFEEDEIS A S
BEERD 1 2TIRWhEBbivas. —7, RF OF BTk 290 ARERIC XL » /B
58 - ZBIEEBIEN L CRBOE - BROEBEEISEE D, F-ENOMAEMIC X BkE
VA e - fah e O AREEFIARAAEESS TERNHLEIZRB W TRIN &N, FRICEY AENZrTREEHE
z2bhb.

REOCOBEOFHES HHTE EECREY 13HY, FbY 0 bhveialhi OEBRWV
LENTEYARS 1996), BARETT ORI, IBORAMMELS, C18:1 fEiEEE L Ed
DAL NEBR DB & T L RE SN T B[FH S 1987 FEES 1994]. F7=, FAPOME
fhfs & BUHRMOBRIZIT, IBIABEDH T C18:1 AEBSIT AL & DRI IEDFERERD b Z
LB STV A [Waldman & 1968]. AFER T, RF #50 C181 fEiHEER L UMRES 18 D
MAETFEBE DI REVMER TH D, BHMED 5 2 CIEN-FREAEET A FREMERH S B X
bivs.

FEBRSBIZRTD¥HE B BELR) ORE L BEREHEIOE B TOWER - LA
BERA & OEHEMIZ OV TOHRE(Flatt 5 1958 Tamate 5 1962 ZiuE, B ORE AL}
[T, =R X —EEORVBESPHI L 2R KRE L, B BN TOMEMFREHI L EES
5 VFA [PEREOREDT-OORBINE L 722 Z LAVRRIN TN D, BRERIZIWT, EREF
ZERE L 7= 55— B PIRORR VFA IBEE Y RF REVE RIS, FHEOFREREICOWTUL, RF&
Bz U C RF BEEVRRIFIC2D Z 3Bz, L, FHEOBE LRI, LI
(AL RERRO LT, TEOHMEDOREREIIRE Thole LERIND. BAHEOH
EORZEILEOBA LN eholeZ e hh, IEEHMAREL TO VFA (X230~ D575
BERIZIE L LIRERI U Th-o7 L Bbihvd. Lizdio T, BEETOR VFA BEDEVE,
BT HE S U BTRIORREIC & 0 3 <7 — AT IV U AR S B DB, BB
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MOBEEENFE LD T e b bEL 60D, 74205, RF BE5TIE RF OF BRI
9 2 4ERA RV ERS RF BRE L0 Hi8<, ZhickvE— - —BoltiEEs mobh, 5
—BNAYOE=F~OERENED LN T LRHREIND. ZORIKOWTL, FE—FTO VFA
HEEORRFLRE L T, SHREETHSS.

BEEE AR OREEIS G %282 L L, HIEE5SMT (TDN37.5g A& 0,/A) T
DOeYIATNIDE Y A RF %5 L THEE LEEERTIE, Y VR RF 28572 LEaka 5%
DFEBRENER G U TR BT AERERL, 7oA VBREIC W TIE#B L
[Ef55 1995]. FLESIIFE —BIMEIEEY 5%, 8N pH 235 LITIC/e5 &3 U ILERAERDS
EZ H[28 1994]. FRBRTIIFE -BROIBREIC OV THIEL TELT, ikox Yk LizZ L
ENZAV, B Y UTORBRERIEEDS 199515 L UEHRER CORARIFOM VFA 1BEH DT
5 &, RF £ 5 CIIEMEA~OUFATIEERD VFA L BRI X R SN =0 Tida e &
2 oD, —F, AHERDRF #5 T, IBEARHCER L THRREICROT, SRR 54 6 ki
ECTORBIFHN RF 85 L0 bRWVMERICH 7. F2, 70 A UBEREIC- OV TIRE
BIZHEB L TEVERTH Y, b PORRIERS 199518 —B Uiz, FLESFIRHEIC & H9LEE - AF
DEFE pH 1% 6.0~6.5 DFFEIZH Y, Z0 pH FHTOE—BATOIABLESHNI T v v B
LD VFA [ HEE SN EE 1994]. ARERICHIT 2 REBE5TY, RBICLVE-BNpH 0EL
VET2MIZ 6, HENO DT 1 B VB~ DA L— A TOh, FHEDFET T DL
BRI & BREER Do Te DT W EBbh .

LU EDRERN S, FFERO K 5 RBEERENS X OB REA AT A 40 53 DERISE T COREIE
BANAY A REERHRHIROT, B BRE~OYERR NI ER % RF OREL THEE A&
feEL oL, EERPREOEROFAMNSEE AEMICH Y, RIERICEZ DRI, 1%
RIRERA ORI AESHARRIC B8 % 5 X TAREFEIEBOEIG 2B 5 Z LR &N, $72, F—Bo
TRE, BB RO RE B ER R L S THH 2 L3 h T,
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Table 4-2-1.  Feed composition and chemical composition of mixed rations for three periods

Days of fattening
Item Initial-147 148-303 304-final
-RF”  +RF? -RF  +RF -RF  +RF
(%)

Feed composition
Concentrate” 844 854 919 932 93.1 952
Alfalfa, cubed 5.2 73 27 34 23 24
Beetpulp 52 7.3 2.7 34 23 24
Hay” 52 - 2.7 - 2.3 -

(%DM)

Chemical composition
Crude protein 14.9 15.1 15.1 15.2 15.1 15.2
Crude fat 3.6 3.7 3.8 3.9 3.9 3.9
NFE 61.9 62.5 63.5 63.9 63.6 64.3
Crude fiber 13.6 12.7 11.8 11.2 11.6 10.8
Crude ash 6.0 6.0 5.8 5.8 58 5.8
ocCcC 64.5 65.2 67.6 68.2 68.0 69.0
ocw 29.5 28.8 26.6 26.0 26.2 25.2

NFE: nitrogen free extract, OCC: organic cellular content, OCW: organic cell wall.

2 ~RF(Control): a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
? 4RF (RF treatment): a treatment in which mechanical stimulating brush (RF) was dosed into the ramen.
3 Concentrate was used commercial formula feed for beef cattle.

. Hay chopped at a length of 10 cm was a mixed hay of orchardgrass dominated.
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Table 4-2-2.  Effects of RF dosing on live weight, weight gain, body measurement and feed utilization at each
growing-fattening period

Days of fattening
Item Initial-147 148-303 304-final
-RF”  +RF? -RF  +RF -RF  +RF
Live weight” | kg
. 263 264 416 420 615 622
Initial
(15) (2} 19 (21) (13) (28)
. 416 420 615 622 752 754
Final
19 02)) (13) (28) 27) 47
Weight gain , kg
Total gain 153 156 199 203 136 131
(26) (26) 2L (12) (14) 37
. . 1.0 1.1 1.3 1.3 1.0 1.0
Daily gain
0.2) 0.2) (0. ©.1) 0.1) 0.4)
Body measurement’ , cm
Withers height 130 131 141 143 147 150
© 3 © C)) 0y (%)
Chest girth 178 178 207 205 225 225
(6) (3) €)) ) )] )
Abdomen girth 205 211 239 242 263 264
C)] 3) ©) )] &) 3
Feed intake , kg/head
Total 991 883 1456 1426 1428 1368
Daily
Concentrate 57 5.1 8.6 8.5 9.5 10.0
Roughage 1.1 0.9 0.7 0.6 0.7 0.5
. . 6.6 5.8 7.4 7.1 10.6 11.2
Feed conversion ratio
(1.3) 1.0) (0.8) 0.9 (1.5) 3.9
Fattening index” 319 321 438 435 513 505
(15) (13) &) (24) (22) (37

Values are mean for four animals (s.d.).

h -RF(Control): a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
2 +RF(RF treatment): a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
Live weight and body measurement are results determined at final day in each period.

9 (Final body weight/withers height) % 100.
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Table 4-2-3.  Effects of RF dosing on chewing time during eating and rumination of a 6h period after
feeding at 9 month of age (average body weight 359kg) in growing-fattening steers

Item Control” RF treatment” Difference
Time spent, min/day

Eating 400 + 105 290 + 7.0 NS
Rumination 188 =+ 7.7 470 = 17.1 P<0.10
Total chewing 588 = 5.1 760 + 13.0 NS

Values are mean + s.d. for four animals.

U Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

%) RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

NS: not statistically significant (P=0.10).
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Table 4-2-4.  Effects of RF dosing on digestibility and nutrient content at 10 month of age (average
body weight 393kg) in growing-fattening steers

Item Control” RF treatment” Difference
Digestibility (%)
Crude protein 768 £ 6.6 827 + 39 NS
Ether extract 804 + 64 8.5 + 3.0 NS
Nitrogen free extract 896 = 1.5 938 = 16 P<0.05
Crude fiber 419 + 155 582 + 73 NS
Organic cellular content 925 + 1.7 955 + 1.1 P<0.10
Organic cell wall 537 * 99 675 =+ 6.3 NS
Nutrient content (%)
Total digestible nutrient 689 = 37 744 = 23 P<0.10
Digestible crude protein 100 = 09 108 £ 05 NS

Values are mean + s.d. for four animals.

Y Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

? RF treatment: a treatment in which mechanical stimulatin g brush (RF) was dosed into the rumen.

NS: not statistically significant (P=0.10).
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Table 4-2-5.  Effects of RF dosing on concentration and component of volatile fatty acids (VFA) of rumen
fluid at slaughter in steers

VFA Control” RF treatment” Difference

VFA concentration, mM/L

Acetic acid 579 £+ 133 568 = 157 NS
Propionic acid 556 + 206 569 = 195 NS
Iso butyric acid 22 % 0.5 09 =+ 04 P<0.05
Butyric acid 572 = 122 412 £ 135 NS
Iso valeric acid 135 =+ 1.4 7.1 % 4.4 P<0.10
Valeric acid 94 = 24 62 = 43 NS
Total 195.6 =+ 43 1690 + 13.2 P<0.05
VFA component, mol%
Acetic acid 36.8 * 7.5 392 + 11.6 NS
Propionic acid 288 + 108 340 = 1338 NS
Iso butyric acid 09 =+ 0.2 04 =+ 0.2 P<0.05
Butyric acid 249 =+ 5.1 20.7 4.6 NS
Iso valeric acid 51 + 0.6 30 1.7 P<0.10
Valeric acid 35 1.0 27 =+ 1.6 NS

Values are mean = s.d. for four animals.
D Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
) RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

NS: not statistically significant (P=0.10).
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Table 4-2-6.  Effects of RF dosing on carcass characteristics in steers

Item Control"” RF treatment” Difference
Live weight, kg 7338 £ 250 7375 + 393 NS
Carcass weight ¥, kg 4465 = 264 4395 + 302 NS
Dressing percentage " 9% 608 =+ 2.0 596 + 1.6 NS
Rib eye area, cm® 435 =+ 5.8 415 =+ 34 NS
Rib thickness, cm 6.1 =+ 0.5 60 =+ 08 NS
Subcutaneous fat thickness, cm 21 % 0.3 27 % 1.2 NS
Yield score © 697 + 09 689 + 13 NS
Marbling score b 20 + 0.0 23 + 0.5 NS
Beef color score 50 =+ 038 38 £ 10 P<0.10
Firmness grade D 20 = 0.0 23 = 0.5 NS
Fat color score ¥ 20 = 0.0 20 + 0.0 NS
Beef quality grade 20 + 0.0 23 + 0.5 NS

Values are mean + s.d. for four animals.

Y Control; a treatment in which mechanical stimulating brush (RF) was not dosed into the ramen.
?) RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
® Chilled carcass weight.

® Chilled carcass weight / Live weight.

9 67.37 + (0.130 x Rib eye area cm?) + (0.667 x Rib thickness cm) - (0.025 x Cold left side weight kg) - (0.896 x
Subcutaneous fat thickness cm).

9 Beef Marbling Standard Number, rating from O (none) to 12 (most abundant).
®) Beef Color Standard Number, rating from 1 (very bright) to 7 (dark).

D Rating from 1 (rough) to 5 (smooth).

® Beef Fat Color Standard Number, rating from 1 (white) to 7 (yellow).

NS: not statistically significant (P=0.10).

152



Table 4-2-7.  Effects of RF dosing on meat composition of rib eye and rib in steers
Item Control" RF treatment® Difference
Meat composition, %
Rib eye
Moisture 622 = 3.0 62.9 2.5 NS
Crude fat 153 + 43 15.9 2.8 NS
Rib
Moisture 60.6 =+ 2.7 56.1 3.0 P<0.10
Crude fat 203 £ 09 274 49 P<0.10

Values are mean + s.d. for four animals.

U Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.

? RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

NS: not statistically significant (P=0.10).
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Table 4-2-8. Effects of RF dosing on fatty acid composition of subcutaneous, kidney, rib eye and rib
fat in steers

Fatty acid Contro]"” RF treatment® Difference

Subcutaneous fat , %

C14:0 45 £+ 0.6 35 £ 04 P<0.05
Cl4:1 24 £ 04 19 £ 04 NS
Cl16:0 313 + 24 281 + 28 NS
Clé6:1 76 £ 16 78 = 14 NS
C18:0 104 + 18 87 = 15 NS
C18:1 421 = 3.1 47.1 £+ 30 P<0.10
C18:2 14 = 06 20 £ 09 NS
C18:3 03 + 02 08 £ 038 NS
USFA 538 + 4.1 597 + 46 NS
USFA/SFA 44 = 10 59 + 14 NS
Kidney fat ® , %
C14:0 43 = 1.0 38 £ 06 NS
Cl4:1 04 = 00 04 = 02 NS
C16:0 303 £ 3.2 289 +£ 13 NS
Cle6:1 26 £ 1.1 23 £ 04 NS
C18:0 226 + 3.8 254 + 27 NS
C18:1 375 £ 55 36.8 £ 21 NS
C18:2 21 £ 09 20 = 08 NS
C18:3 02 + 0.1 03 £ 00 NS
USFA 428 = 6.7 418 = 20 NS
USFA/SFA 18 = 05 16 £ 0.2 NS
Rib eye fat ¥ | %
C14:0 36 £ 0.7 33 = 07 NS
Cl4:1 08 = 03 08 £ 02 NS
C16:0 287 + 36 278 + 18 NS
Clé6:1 47 = 06 53 £ 19 NS
C18:0 124 £ 06 121 = 16 NS
C18:1 473 + 50 486 + 19 NS
C18:2 24 £ 0.6 20 £ 1.0 NS
C18:3 0.1 £ 0.1 0.1 £ 00 NS
USFA 553 =+ 438 568 + 18 NS
USFA/SFA 40 + 06 42 = 04 NS
Rib fat ? , %
C14:0 40 £ 06 30 £ 0.8 P<0.10
Cl4:1 1.5 £ 03 1.1 £ 04 NS
Cl16:0 279 + 14 261 + 24 NS
Cl6:1 60 = 13 50 £ 10 NS
C18:0 94 + 09 103 £ 1.2 NS
Ci18:1 481 = 1.9 519 £ 23 P<0.05
C18:2 30 £ 1.0 26 £ 06 NS
C18:3 0.1 £ 0.1 0.1 £ 0.1 NS
USFA 587 = 24 606 = 24 NS
USFA/SFA 55 £ 0.7 53 £ 0.5 NS

Values are mean =+ s.d. for four animals.

Y Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
2 RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
® Number of carbon atoms : number of double bonds.

®) Total lipid.

) Neutral lipid.

NS: not statistically significant (P=0.10).

USFA = C18:1+C18:2+C18:3, USFA/SFA = (C18:1+C18:2+C18:3)/C18:0.
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Table 4-2-9.  Effects of RF dosing on form of rumen in steers

Item Control” RF treatment” Difference

Papillary number , per lem®

Cranial sac 539 = 10.6 608 = 83 NS
Dorsal sac 508 = 5.1 546 = 134 NS
Ventral sac 523 = 85 565 £ 42 NS
Caudoventral blind sac 479 £ 35 544 £ 10.1 NS
Papillary length , mm
Cranial sac 83 = 03 76 + 12 NS
Dorsal sac 56 £ 03 60 £ 02 P<0.10
Ventral sac 76 £ 0.1 75 £ 10 NS
Caudoventral blind sac 70 £ 06 72 £ 10 NS
Capacity of rumen , 1 1250 = 10.0 1313 + 239 NS
Weight of rumen , kg 136 = 1.1 132 £ 19 NS

Values are mean + s.d. for four animals.
Y Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
2 RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.

NS: not statistically significant (P=0.10).
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Table 4-2-10.  Effects of RF dosing on papillary number classified by length at cranial, dorsal, ventral and
caudoventral blind sac in rumen of steers

Places of examination Control” RF treatment® Difference
Cranial sac
~ 49 (mm) 36.0Y + 11.1 ( 65.2 )b) 468 £ 112 (758) NS
50 ~ 74 83 £ 1.1 (159) 83 + 24 (140) NS
75 ~ 99 58 £ 23 (109) 33 £+ 18 ( 59) NS
10,0 ~ 124 18 £ 06 ( 40) 16 £ 09 ( 3.0) NS
125 ~ 149 13 = 11 ( 24) 06 = 07 ( 10) NS
150 ~ 174 04 = 03 ( 08) 0.1 £ 02 ( 01) NS
17.5 ~ 199 03 £ 03 ( 05) 01 £ 02 ( 02) NS
20.0 ~ 224 01 £ 02 ( 02) 00 £ 00 ( 0.0) NS
225 ~ 00 £ 00 ( 00) 00 £ 00 ( 00) NS
Dorsal sac
~ 49 479 + 56 (944) 51.7 + 134 (948 ) NS
50 ~ 74 27 £ 14 ( 53) 27 £ 16 ( 48) NS
75 ~ 99 02 £ 03 ( 03) 03 £ 03 ( 04) NS
100 ~ 124 00 £ 00 ( 00) 00 £ 00 ( 00) NS
125 ~ 149 00 £ 00 ( 00) 00 £ 00 ( 0.0) NS
150 ~ 174 00 £ 00 ( 00) 00 = 00 ( 00) NS
17.5 ~ 199 00 £ 00 ( 00) 00 = 00 ( 00) NS
200 ~ 224 00 £ 00 ( 00) 00 £ 00 ( 00) NS
225 ~ 00 £ 00 ( 00) 00 £ 00 ( 00) NS
Ventral sac
~ 49 343 £ 56 (654) 408 + 78 (716 ) NS
50 ~ 74 98 = 23 (187) 87 = 27 (154) NS
75 ~ 99 56 + 28 (108) 43 = 30 ( 79) NS
100 ~ 124 22 + 08 ( 42) 18 £ 16 ( 33) NS
125 ~ 149 03 £ 03 ( 06) 05 £+ 04 ( 10) NS
150 ~ 174 01 = 02 ( 01) 03 £ 05 ( 06) NS
175 ~ 19.9 0.1 £ 02 ( 02) 01 £ 02 ( 01) NS
200 ~ 224 00 £ 00 ( 00) 00 £ 00 ( 0.0) NS
225 ~ 00 £ 00 ( 00) 00 = 00 ( 00) NS
Caudoventral blind sac
~ 49 391 £ 43 (810) 418 + 89 (765) NS
50 ~ 74 61 = 15 (131) 80 = 27 (145) NS
75 ~ 99 19 £ 13 ( 40) 29 £ 15 ( 56) NS
100 ~ 124 06 =+ 06 ( 14) 12 £ 08 ( 24) NS
125 ~ 149 00 £ 00 ( 00) 05 £ 06 ( 11) NS
150 ~ 174 02 £ 03 ( 03) 00 £ 00 ( 00) NS
175 ~ 199 01 £ 02 ( 01) 00 = 00 ( 00) NS
200 ~ 224 00 £ 00 ( 00) 00 £ 00 ( 0.0) NS
225 ~ 00 = 00 ( 00) 00 £ 00 ( 0.0) NS

Values are meanzs.d. for four animals.

1) Control: a treatment in which mechanical stimulating brush (RF) was not dosed into the rumen.
2 RF treatment: a treatment in which mechanical stimulating brush (RF) was dosed into the rumen.
* Number per 1 cm”.

® Ratio for total papillary number (%) .

NS: not statistically significant (P=0.10).
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(FEICEH)

Summary

The purpose of this study is to clarify the effect of the function of mechanical stimulating
brush (Rumen faibu: RF) on rumination and chewing time, apparent digestibility, ruminal
fermentation status and ruminal passage rate of rumen contents in beef cattle under dietary
condition variously and to examine the effect of ruminal dosing RF on utilization of ration,
dressed carcass characteristics, fatty acid composition of dressed carcass fat and form of rumen in
growing-fattening beef cattle. This experiment was carried out in order to obtain knowledge for
effectively utilizing RF in growing-fattening beef cattle.

1. The study on number and size of dosing RF

In this experiment (1-1), rumination time and ruminal pH were investigated in order to
examine the appropriate dosing number of RF in steers. Animals were dosed one (RF1), three
(RF3) and five RF (RF5) per head through the rumen fistulae (RF treatment) and not dosed
(control). The feed intake per day was equal in all treatments. The rumination time per day for
the animals in RF treatment surpassed that in control, and there was statistically significance
between control and RF3. The ruminal pH for the animals in RF1 and RF3 changed lower than
that in control, but the pH recovered the value before feeding at 24 h after feeding. From the
above result, it is supposed that RF affected for the mucosa in the rumen as a physical stimulus,
and that RF dosing may increase the rumination. It is suggested that the appropriate dosing
number was three.

In this experiment (1-2), rumination time, digestibility, ruminal fermentation and ruminal
passage rate were investigated in order to examine the appropriate dosing size of RF in steers.
The size of RF made the size (volume) of RF (RF-S) of the marketing to be a standard, and it was
made to be 1.6 times (RF-M) and 2.0 times (RF-L) of the volume. Animals were dosed three RF of
each size per head through the rumen fistulae (RF treatment) and not dosed (control). The
chewing time per dry matter (DM) and organic cell wall (OCW) intake for animals in RF-S
tended to be longer than those in control. Each apparent digestibility was equal in all treatments.
The ruminal pH in RF-L was lower than that in other three treatments after morning and
evening feeding. The ruminal volatile fatty acid (VFA) concentration in RF-L was higher than
that in control for 60 to 120 min after morning feeding, and that in RF-S and RF-L was higher
compared with control throughout the sampling period after evening feeding. The ratio of acetic
acid to propionic acid (A/P ratio) for animals dosed RF-S tended to be lower than that in control
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animals except for 30 min after morning feeding. Turnover rate of ruminal fluid in RF-S, RF-M
and RF-L was higher compared with control. From the above results, it is suggested that the

appropriate dosing size was RF-S.

2. The study on RF dosing under the dietary condition of the different OCW contents by rice
straw feeding

The objectives of this experiment (2-1 and 2-2) were to determine the effect of RF doing in the rumen on
rumination time, feed digestibility, ruminal fermentation status and passage rate of rumen fluid in steers fed
concentrate and rice straw. Experimental animals were orally dosed three RF per head (RF treatment) and not
dosed (control). The OCW content of feeding diets was 25, 20 and 15% as fed basis. The rice straw was cut off at
30cm (long) and 2cm (short). All animals were fed enough to gain 1.4kg per day in body weight with concentrate
and rice straw. The rumination time and total chewing time per day were not affected by RF dosing regardless of
the difference of OCW content in diets and cutting length of rice straw. The digestibility of nitrogen free extract
(NFE) and OCW in RF treatment tended to be lower than those in control in OCW 15% diets feeding. The rumen
fermentation status was not large difference between control and RF treatment in OCW 25, 20 and 15% diets
feeding. The turnover rate of rumen fluid was unaffected by RF dosing in each feeding condition. From the above
results, it was suggested that the physical stimulation of RF for the rumen did not functionate under feeding

condition that supplies rice straw over 0.8kg.

3. The study on RF dosing under the condition that supplied only concentrate diet of different
fibrous components

This experiment (3-1) was undertaken to determine the effect of ruminal dosing of RF on
rumination time, apparent digestibility, rumen fermentation status and ruminal passage rate in
steers fed a high fibrous concentration diet. The experimental animals were orally dosed three RF
per head as a RF treatment, and the non-dosing was made as a control. Concentrate was fed to
the animals as a sole diet; and was fed to suffice 1.0 kg daily gain. The OCW content of
concentrate diet was 27.5% of DM. The feed intake per day was greater for RF treatment than for
control. The rumination time per day and per DM intake for animals in RF treatment was longer
than that in control. Digestibility of DM and NFE tended to be lower, but that of crude fat tended
to be higher by RF dosing. Total digestible nutrient and digestible crude protein were equal in
both treatments. The ruminal VFA concentration was greater for RF treatment than control for 6
to 12 hrs post morning feeding. With the fact, the ruminal pH for animals in RF treatment
tended to be lower than that in control, but the pH value before morning feeding was not differed
statistically between RF treatment and control. The A/P ratio for animals dosed RF was lower
than that in control throughout the sampling period. The turnover rate of ruminal fluid in RF
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treatment tended to be higher compared with control. From the above results, it is supposed that
RF affected for the mucosa in the rumen as a physical stimulus in steers fed a high fiber
concentrate diet. It is suggested that there was the possibility to lengthen mastication time in the
rumination per day by the induction of the regurgitation of a bolus in the rumination, and that
fermentation of propionic acid is intensified, and that ruminal passage rate tend to be increased
by RF dosing

This experiment (3-2) was conducted to determine the effect of ruminal dosing of RF on
rumination time, rumen fermentation status and ruminal passage rate in steers fed a low fibrous
concentrate diet at maintenance level. Animals were dosed three RF per head through the rumen
fistulae (RF treatment) and not dosed (control). The OCW content of the concentrate diet was
12.7% of DM. Daily time spent on rumination was very short in both treatments with 24 min in
RF treatment and 15 min in control. There were no differences in ruminal pH and total VFA
concentration between RF treatment and control. Acetic and butyric acid concentrations were not
different between the both treatments. Propionic acid concentration tended to be higher in the
animals on RF treatment than in control animals. The turnover rate of ruminal fluid in RF
treatment was higher than that in control. From the above results, it is suggested that the RF
dosing in steers fed a low fibrous concentration did not affect the rumination time, but increased

rumen digesta passage rate and ruminal propionic acid production.

4. The study on RF dosing in growing-fattening beef cattle fed with high concentrate diets

This growing-fattening experiment (4-1) was undertaken to examine the effect of ruminal
dosing of RF for the mucosa in the rumen on feed utilization, dressed carcass characteristics,
fatty acid composition of dressed carcass fat and papilla of rumen in steers fed high concentrate
diets. Animals were orally dosed three RF per head as RF treatment and other animals without
RF was allotted as control. Grass hay was fed to the animals (0.2 kg/head/day) until 19 month of
age. Concentrate diet was given ad Iibitum during this experiment. The OCW content of
concentrate diet was 27.5% of DM. There were no statistical differences to be observed between
control and RF treatment in feed utilization, yield score and meat quality score of dressed carcass
characteristics. In fatty acid composition of dressed carcass fat, the proportion of C18:2 fatty acid
of subcutaneous fat in RF treatment was higher than that in control. C16:0 fatty acid of kidney
fat was decreased, and C18:2 fatty acid and total unsaturated fatty acids of eighteen carbon
number of kidney fat were increased by RF dosing. C18:2 fatty acid of rib eye fat for animals
dosed RF was higher compared with control. C18:1 fatty acid, C18:2 fatty acid and total
unsaturated fatty acids of eighteen carbon number of rib fat in RF treatment were higher than

those in control. There was not large difference on papillary density and length of cranial, dorsal,
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ventral and caudoventral blind sac between control and RF treatment. These results suggests
that the effect of RF on feed utilization, dressed carcass characteristics and papillary growth of
rumen is insignificant, but the proportion of unsaturated fatty acid of carcass fat is increased by
the ruminal dosing of RF in growing-fattening steers fed high concentrate diets.

This growing-fattening experiment (4-2) was carried out to examine the effect of ruminal
dosing of RF substituted for physical function of roughage on feed utilization, dressed carcass
characteristics, fatty acid composition of carcass fat and papilla of rumen in steers fed concentrate
and comparatively fermentative roughage (alfalfa-cubed and beet pulp), while it was compared
with the feeding of grass hay (control). Daily gain in total growing-fattening period was 1.10kg in
control and 1.13kg in RF treatment. Feed conversion ratio tended to be higher in RF treatment in
early growing-fattening. Feed conversion ratio in total fattening period was 8.0 in control and 7.5
in RF treatment. There was no difference between both treatments in yield score and meat
quality score of dressed carcass characteristics. In fatty acid composition of carcass fat, the
proportion of C18:1 fatty acid of subcutaneous fat and rib fat was significantly higher in RF
treatment compared with control. Papillary density of cranial, dorsal, ventral and caudoventral
blind sac was not difference between both treatments. Papillary length of dorsal sac tended to be
longer in RF treatment. These results suggest that feed utilization tends to heighten in early
growing-fattening, unsaturation of fatty acid in carcass fat is accelerated by RF dosing in steers
fed concentrate and comparatively fermentative roughage, and it is indicated that papillary
growth of rumen is similar to steers fed with hay.

In conclusion, it became clear that the physical stimulation for the rumen of RF sufficiently
functioned under high concentrate feeding condition. By the function of RF, the following were
proven: it would induce the regurgitation of a bolus in the rumination and the passage rate of
rumen fluid heightens. In addition, it was suggested that the function of RF affects ruminal
fermentation and fatty acid composition of dressed carcass fat, and it was indicated that propionic
acid production in the rumen is increased and that dressed carcass fat is desaturated by RF

dosing in steers.
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