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Summary
1. ¥

I.l. FIROBR LB/

Vg, FUFOBIRII RIS & L 7 ) SRk bz
L, O EoRERES 1S 72 1) Lm0 FE T2
2008 4EiC 8,012 kg & #IH T 8,000 kg #iliz, 2012
4EIC1E 8,154 kg B ERcE % Fldk L T\ 2 (BAR
K HEEHE B X OISR . S SICFEL
H4Eme ke GUES e RS, 2013)
2k B ERNALTA TN 305 HREREIE 9,294
kg £ 10,000kg 1235 9 X LTwb, — 5T, #%
10 SEDFL R OBENE TA 5 & 2003 5FE~2012 £ T
T2 193kg LML TBLT, ZNLEHID
10 £ o B hn i 869 kg & T L v (FLH
FEMESER RS, 2013), 20 k) inE O
WITBEB L UBHED B EIES 2 S L T 5,

WO & SR T C oL, AT RS04k
REE D KA\ BRI BRI B A — 5 C,
W b DEEAE & R EIC R T 2 IR DE
&L 72. IO EREE OFRE EE b 72
5 L7225, Z &5 &2 IR BAGERIZCT % i
17720 2011 4RO FHARERIT 26% TH D (BHOK
PEA, 2013), HEEFRIO T HILI L2 WEIMCAKET S
FRREL 5 TW5,

—J7, #1 10 4E13 LD S DA R I BE S H
B Y7o’ A5 2 — kpERN, HEZIZ LD
& LB E T oOF A EOBM, KRESA —2
b T T Lo f R pE I 2 B KB T
I$D0% Sk - C, EBEEWHS XA % Kl Tw»
b, 2D &) BB, W AR RN AKTTF
L 72T E o B e 2 aa L, FLAERE RO UER
$LDERN & % - 72,

ATl 7 B EIRL O AT RS 7 - 72 BAR DL (X
BCRAEFE S AT AD08REINTH ), Mk, i
WERIPEM D B\ I N THREEI N CE - RAHE
Ui &\ o 72 [ERE B AR R & R BRIC TG L 72 Ry
BEIEEE S AT 2D MYFED RS 51T 5 (BT,
2000 ; &AM, 2008), HHEHL, HESL PV EO
A v HGHERZED, HEvwiEAzoD
IZA L B EIEY = R L <4 2 v, 3L
YD, BRIZTLHICRICT 5, 20k SRek
HEZc TG BREY IR 2 & FIaTii L 7 < T3 Wit e,

PHERINER R % Hie L\l 2 B 23460 b HiG
ikt LA D RERRICHESR T 5 L THMEE 2 b0
X, Wl L CHAEICET 2 oA X —ZBRkE %

FREEDLPEN)ZETH DL, HWILEDIZDE
KEE W72 T 72DICIZ |t & B 2l U
T HWDY, N— X OERICIZBERH Y, NE
Wi — A FEROIAEICERET 5 & SREI3A R
LTLZE ), ZDRDEMWILF DR fra (DMD)
13— 2 > DY FEW CHRES LD LV ) F 2
—#BTH 5 (Okamoto ef al., 1990; Dado and
Allen, 1995; Allen, 1996), /L— X > DTG5 TH KT
L7 REZHEIE 72D, ZORM LRI L,
RO AN AL REZ EARE 2 TUTWIT T n,

KEFEEDIN— A NEBIZEIRE (7 2 8), FEK
BLUHHER» L), BREBKRE DY D%
WEME D, 7 ASGIEEE LRICHEEL, ZDT
ICNEMD AT b NWEWIZREREZAL B
D, RO 5 HilifE e & O ILED R CRIENKE 7
AR I3 v— 2 B FE D b ORIz 2 1 TE
<y FRICEEE > REEEERL B Y, EIEc
13 HOE 0 F /N oK B 7o B IE AT
5 (A, 1991), Z OB EE S - 72 B —i%
Zraft b s Wwidn—x>r=y b EHREINTED,
N—RA DTG L TWwd EHEZ LN TW5
(Van Soest, 1994),

PIIARTEETIWTH D MG 2 5-2 70 Tigw
U Ze v, MEHESR & U CI3ORLERDR & £ B B e <o
JEPERIEEYIC & F N2 B ERDERIHENR 25— ) T h
575, FLEVRE SR DO MEHE |3 R DR & I FEEEE
EDRNDT, LIHLTEDL & N— 2 NEBIc KR
ML, WL CDMIS A L X—{BtE %
HWHILTL 9. —HT, FEMETEHMHER I DT
Z— x> Mli#E (NDF) TS 15— B0y 2 il
DU TN >y TNIZ T BLIURIF v,
AEMAREE BEICE A, FORE LMWL D
DL, L2 5T, — A > NOFEEEE b 3 <,
AR & L T & b §iRIEFER OB A X —
JFELTLRAZINS, L L, fEEO N,
AN 2 RG> & FEBR R JEE D 33\~ JEH i Rk e U 1=
BEHZ D8, V— X NEWOREGHEE D HERF T
Y, —x =y DTS N gt He
ENTw3 (Mertens, 2000),

D9 2, FEMBEEEEDICIZE— POV
ORI E S N5 Sl mEIE D 6, E—v
PN L IS F > X H &R TH bl
wmIFFNIEE B WEEERPEWICEL T, £D
I 2 bz b, ZD L ) T IEHERHER
I AT DENZ L 5 THIL— 2 > NEWORE kG
3B e 2T 5 L TR NS,

N— A=y POBEEE LT, V—2AYADT
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WA ) FREDHFEICINZ, KEDFEF &AMk
Py FAANEUDAL Z 2T L B IEHEES D B &
#2 LN Twb (Van Soest, 1994; Zebeli et al.,
2012) o )L— 2 > =y P HYL— X AP FEREIE RS0
FECHAET 5254 LTl L 7269 2
ETCRBEPFHEHET S5 (Iggo and Leek, 1970;
Baumont et al., 1990; Dado and Allen, 1995),
A=y P OIS & BEEMSE AR ORRIC L -
T, BELEPLBE N L— A BHNERENT WL
W) (AMEER) 23R, KBDE—EKMETH
DHEER LA fiC—Wo S &5 & 29 (1,
1998) .

P33 F L TN FIR ORI & L— A > A
DWEEDTATH B, — A > WERFHIL— 4 >
b TR ENTH T 57251213 1.18 mm LI
¥ CThEM/INT 26805 0 (Poppi et al., 1980),
KREVE T OG22 53 R E o 75 5-3213
50%I23ET % L E T % (McLeod and Min-
son, 1988) . MHEE 0 & 5 ICEFSEEE DR X, K
BRI IC & > CGRIBWREZ Y 1 X F T S 1
LWFEIC LY, EEMOTEIES AL, ok
WIEEEDMEAET B, T 72, WEERSOHRIL S e
MEHED & o e /NMERHTIZ L — X =y MICHUY) A E
N5 ZETHN— A2 5DMEH T L, WbEs
mEbEd2E#H25NT w5 (Tafaj et al., 2004), =
D & 9 e BIRIT filter bed BR & TN, NL— x>
<y MERRO—EETH b LM I N T2 (Zebeli
et al., 2012),

N— 2 WTOFEDOFEREC & - THEFEVEIR
(VFA) % & DR K RICERT 205, 260
BhrmEInTIcERELTLE) Ev—x> pH A
HFL, #HAEL—4> T2 F—22 (SARA) O
S 2 7% 5 (Krause and Oetzel, 2006) .
VFA 13 )v— 2 > B SIRILE 115 2 MR H IS
D HE R & R, EREE, ) BB L O
FRSE DAY I & B REAEEH, H b wiEn—2r
B & DML FH I & » GREDIRE S & R
LAz 5 s (A&, 1979), LaL, Lb—x>
WMBDRIEETH - 72 D ER O P DD 7 1T uE
N—A Y pHIMEFLTL 9, MEROFREIZKE
R AR L ) L RO 2 v ¢ (Balch, 1958;
Bailey and Balch, 1961; Beauchemin and Eriksen,
2008), S HERIDSIE S 513 & )v— A > ~DIEFLHA
wmLWML, NV— x> pH Z#EIEFHHICHEET 2 D
1255 T3 (Okamoto, 1976), L7245 T,
SARA #FBi L v— X Y BB 2 HIE IR D72 o1
X, v—xr=y FORRE ZIUSHE) o B

BRI DR A LT L 70 B,

DL IR IV — A=y FEERL, X
BIEE 2 36T 2 Sm, WEICKES T 5 Eu— 2
> NI TORRRIEIC L - TDMI % @b 28T
LE DT, FUFA~DOBEY MM S B OMES 7
ENTE7 (Sudweeks et al, 1981; Mertens,
1997),

BB FER B 3 R & DR rp e BB
L TW3 Z Eh 5, Mertens (1997) (2 FEHIAA RN
MhHE (physically effective NDF : peNDF) &5
Wiz 528 L 72, peNDF & (3 filkldh NDF &&= &%
HIARE (physical effectiveness factor : pef)
DRETEREND Z L0 b, iRl b EESR (NDF)
RS (RE) ZMAAbEIIREE - T
W% (Allen, 1997; Mertens, 1997), pef i3 0225 1
FTOHBETHY, 0 &3k RIEER bk
NDF & & 5 2B AR LA — W 20\~ 2 & & IR
L, pef 71 &35 < YIWT L 72823 2k NDF o &

IR NEDS TRIRTH B Z & 2 BW®RT 5,
pef 8K EWIT Ev— X > NEWDORE AL, THET
B L UL — A > NORREREDEME X L5 & Mg &
LT3 (Allen, 1997; Mertens, 1997).

peNDF & &3 IcHE TE, fftoWEIH
W % ZBIICIR T & 20 ¢, FLAofdklkEkc
AR Z L1z X - C, MR G- m OB IR E 2 e
T A% FEIC 7 2 AR & Fd TV % (Zebeli
et al.,2012) ., MEHEDH % 3 peNDF O IE#E 5 %
EDH DI EIE, EMFLED L ) IS REDESHE 1
L7234 SARA 384 ) 2 7 # % § % ) 2 THE
BTh D,

peNDF (3 Atk & & ik Foki B % 518 L 72 f5 4
ThHHDT, W—rAr=y FOEKICELS L TW2
L#E 2 51T\ b (Mertens, 1997), peNDF % i 15
HEUHR 2 ER L 234 00— A > NI BT
ﬂjL N—r =y b=y MEDOZREIC G N

LRI N T3, peNDF i v— 2> = ME
W CRHEDH L EREHEEIN TV B Dn, ZN%ETE
B L 720313 0\, — X =y P OERIZ DWW T
F—WOMRBEIPWELRARATVDBICEET
(Hidari, 1979, 1981; Welch, 1982), = F DOBtJE
REE 2R L 2FRIE SN E TICHFEEL L, 20D
728, peNDF »9L— x> = MEKICBET 2 &
V) —RBYRERRIZ IR B E v, — A N
BB REE AL TBY, L— X TR
‘raft’ (=—xX>=v b) PFEPATHE LV H
<5 EH L 724 (Kennedy and Murphy, 1988)
PRALT B2, v— A=yt EFOTHIC



MET HWEHZ 0L, 2o gL EL
TITFNUTE STy, =y FOBERRIECy FED
W EREIL72MZEI N T TIThbNL T o
72,

peNDF B DOIIMIC L - Tv— 2 > NEREEH
fREFEICER 725 &) Z &3, peNDF #5L— A >
<y FMEREBLED S BFHLTH B0 L LIt
—F5 T, FOEOMH (Zebeli et al., 2012) Tl fEkt
i peNDF & &< peNDF %0 & & L4 o M6 i
B, W—X> pH & 5 WIFFLERE & - 2 G ]
WIESLDEDH D Z eI N TS, T
Rk oTn—xr=y F OBERIIGEL S Z &
ERML TV 008 Ltz v, MHER & L CHiE
BE W 2356 L SRS REED & 9 7o i i il
Bl %2 V346 Tl v—x > BRI LITT
peNDF OxhRA B 2 HeMED % % (Zebeli et al.,
2012).

Dbk Hic, I~ OMHERE OB IEREm % 3K
572812 peNDF I3ENTRIETH 5 &FHE 2 61
%%, TpeNDF - )L— 2 > = F DR K%
FHERoON— A VERBOBEIEIL, &\ l—EHDOHEN
2B 5, v—Ar=y F DK E FDOBERICEBIL
THMZHFE P T 3INTVEFFHALNTE T,
JL— A 2=y FERIC & 5 TER peNDF & & h°
EORERG L TWwbd Db, F2—2Ar=y MZ
MEIGE 2 1556+ 5 2 & Tv— A > pH %2 #IEIC
PROBEEEE AT B DH, TS DRI HE 2
AE9 % Z X3 EWILE OMHEEIRE 2 B0 5 E TR
WRTHD, ZOzHITE, TNFEFTEHINTE
7L DDERBENTZ oo —RA =y D
FEEEZIIEL o Td ke b\,

ZF ZTARWZETlIN— A =y MEEDFEEZIE
L, FIROENDIN— A=y PRI RITT
BEWEICT2Z 2 HEL, UTO 3 MM
BOE E L 72,

1. V=A== | OSAKRESE O T
2. fiklt peNDF &® & NV— A =y FERDOBE

%

3. HLEDRFHRRARHE IR 35 & OYTERLEDRIMHE IR o) 48 5

EL— X =y MEEOBER

|.2. #EROTTHR

[.2.1. b—X > HABYOIEBHEE

BB O ROFHIL, WiRFEHE TH 5 L—
AUHFEL TNWEZETH D, N— A IFT
F150LIc b ET H5EKRLZHE TH 5 (Forbes,
1988) . NAMIC 13 A8 Bk e e s tE R L TB Y

(Ogimoto and Imai, 1981), KZ3Eii 21 &Mk
Wz & pRBEWE TR ANV —JE L L THH
LT3, b— X > M 3 o ik 2 pesk
I 58D % FF4ET 5 DT (Bowman and Firkins,
1993), I Eid AR EILTE 20 W EJE 2 = 4
WX E L CHERB 21T 2 & HETH b,

Jo— R INERIE A 2 E NI T bk, 1
PR FERZeRC I3 I TR LR E L X A o b
57 ZEHAET 5 (A, 1991), # 2§ FEBIz AL
BT DNEWEIN— 2 > NESTEI—IHAEL T D
bIFTIE L, — A i55eh 5 IR D > TR
EHEEZAET L b TwD (AR, 1991),

FPRHBIUC & - THHBLIC L— X 12 AL 726k}
FIFHEHNIZE» Y, BHIEC L > Tr— A
LI L B &3 (Wyburn, 1980) . 4 TIZERL
ENRBP) OFEFIENL— 2 WERICE) Z F
N, N— X IEFRICIRA ZBRICHEAE L T 72 R
BEHICESNS (Evans ef al., 1973), Z ¥
HUTHL) A F MR TEDRE C, LEOR R}
FidN— 2 WEBTBRIEIEVA->TL— R
< F #ET % (Van Soest, 1994) , L— A > =
b DOREEIIER OB R 2T EHEZ LI TE
D AR 2B AR DM TIRIE C, By
b ERY, EWELFERSS kb0 y PO
JEADW L, ~_u oy b RBEER D ADRL Tl
<y MIWYET B EH2 51T w5 (Welch, 1982),

INFETIRIN— A NOBE GRS % 1R T 5 729
12 DY AL & T & 72, Deswysen and
Ehrlein (1981) 13, A FITHEEE XY 7 A Ta—T 4
CITULA AR AL — D BRS¢ CHET A
WEMOBEILIcODWTE=52Y) > 7 L7 (X
1-1), ZOkH, WEABY A L — 2 A3
ERICHET 52 &%, BB B L URIEHEDOIGE
12k 5> TS ICEED LD VITRETEICELNS
Z EMERR S e,

Martin et al. (1999) (ZN— A > HND 3 DDEY
DAL b WA & ERECL, B A8 My o il
SRR AR TS, ZORR, V— 2 NEW
DOREEREE I E-T kS & > TEfLL, 2%
I U TIEEI DO S O BT T 5 2 & 272,
A YD 5 & e a2 LT 5 2 &
6, WEWORE GRS RO MEILReEmEc b #
BELRITT EHEM S L5,

Tafaj et al. (2001, 2004) 13 /L— £ > N7
R EERL (X1-2), B 2BREONEWZ R
L, ZOWRERNTN 2, V— X NEWE Lk
DB L 5-10cm B L U25-35ecm DX, B
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Figure 1-1

Measures, mm
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Movement of food boli from the
reticulum into the rumen. (A) Food bolus
in the reticulum immediately after swall-
owing; (B) displacement of the bolus from
the reticulum into the cranial sac of the
rumen by the diphasic reticular contrac-
tions; (C) upwards movement of the bolus
over the cranial pillar and backflow of
fluid contents into the relaxing reticulum
by the contraction of the cranial sac of
the rumen; (D) accumulation of coarse
food particles in the dorsal rumen, in the
middle of the rumen and in the
caudoventral blind sac of the rumen
(Deswysen and Ehrlein, 1981).
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Figure 1-2 Sampling device for dairy cow rumen

digesta (Tafaj et «l. 2001).

T UEENES S 5—10cm HElo 3 Fi2o ) TR
WL, AW ANTFTHE- 28EE, ERNaEy
ITASNICHR 2 BAREIS D5 <, TMINS 70 213 &k
HENEL -T2, 251, pH, VFA B X UER
FRIR RS 7e E O FEEEER D g, TREBLOTEN
B TENTNRL D WL L5 T2,

NS DRFEIX, v— 4 > NEWDORS g % WAk
RLTBY, V—Xr=y FOPHFET LI EERE
LTWwad, W—RAr=y b EZDFRBIAET S
W ke ME) rolBFIcOWTIELE TEw
v, W ORDRFZETIE (Martin ef al., 1999;
Tafaj et al., 2001; Tafaj et al., 2004), NL—X> D
WM SR T TR L ZEETL— AN
FOMRZRET L T 228, 215 DFEED L —
2=y FONEHL DY, FOTHOIECY FEF
TEFALNEREDPENT 52 L3 TEX W,
Tafaj et al. (2004) X, HHDEE (X 1-2) O
27 v IREEICRIED D B Z & BB, — R
DI gk % $03E S 2 72> D72 2o WEHE DB S
PROTNSE, FD2DITE, W—A>=y F EJE
<y FEOBIREED B UEDH B,

1.2.2. Jb—X <y b OEEE

N— A=y ML, b— X > NIRRT T R
DIEE & Z Uz E S Wbo1Et (Poppi et al., 1980;
Poppi et al., 2001) R FFDFHER (Baumont et al.,
1990) & \woizkoic, AEPEMEICERENICIEHRT %
BRI O EHZZ LN T VB, S5, L— A=y
FEAERDER O E N Ao TERTTHY, £
DEREDIN— 2 N 222 KET 52 b,
HROYWHMFIC D EELEHE R L Tnd

Sk — M) TH B (Jarrige et al., 1986; Dado
and Allen, 1995; Forbes, 1995) .

Poppi et al. (2001) (33 2 —F 77 2DEFEE
<—A— & L CHERMAED L — 4 EEICHEAT B
T, MR AIV— A EEDP LEERY 5 £ TD
P, JL— A EFED 5 AFTEAEVRLY DI Y GA
INBHEE, BLONL— A gD S E=H LB
T 2 HEL AN ET VEHCCHEBL2, €
TIOVDIRNHRERA &, N— A FFRICR ) AT N7z
AR IE 2 2 LT 5 F TlcREMEZ2EHT 5
B, D ERUEIEICREATT 5 LI B EE A
MLTLFEwW, BUBEENRELZ LIZHETH S &
Vo) REERE S L7z, & 512, Tafaj et al. (2004)
1, Iv— X > NETT O & RO AR RS
DF BRI TR LD L, WAL
N— 2> FEEIC R > CTHRET 22 & 2 S L Tw



5%,

IS DFERIL filter bed #1%F (Kennedy and
Murphy, 1988) EF#EZ 5 )L— X =y F NEFAD
R B SABBERREDFAE L TRET 5L D TH %,
BT — I HEAE DT (Siciliano-Jones and
Murphy, 1991), KF&EN = b g T3 filter bed %)
RIBEREE T, Ho I EEEA & A, KYfbo
F F I RBELTLE ) EFZ 5T
% (Faichney, 1980), 2 Lk Hici—A> =y LD
filter bed ROV TIFE BRI NTWE LD
? (Callison et al, 2001), ZNF TIL—A> =y
b 2 EL— 2 v NORS g O IBEEDSEBL L
T o zzols, EmICHEEINz5Z 813
o7z,

— A ey IV — A SRR AR T B B
SRMERET L ICL > TRBEZFHEIT 5 L
MWE N T3 (Iggo and Leek, 1970; Colvin et al.,
1978), Colvin et al. (1978) 12 X % &, IETEED
B RIR 7 BHAERT T V7 7 VT 7 AR B % AA -
L7280 d, BRIV ZHELGG L2 ED
Tins)v— A > DUGEDTRA Z & HHERR S LT\ 5,
Baumont ef al. (1990) (3D AFED L — X > 1§55
BB L) ICHTRORY) ZF Vv X2 —7% %%
BALE ZARBREDBEBIIEFILL 722 &2
5, WIS 2 L— 2=y Mo ko TFEm
122 6 N5 WERR 2 fl o P A SR L, RBD
BAIADME S LB & HFEEL 72,

Zo LG — A=y b OERIZ I O 4 pENE
XL CRE L HE 2 - TE Y, F2ER R
ko TxDBE LB TLEHEZ LN TS, L
L, ZOLIICEELEREET - A=y

Torque meter

ro
Strain
meter

Plastic cannula

[+]
Recorder

of rumen, fistula

FTHBH, £ DORESLTIKIRIND E b % il A 72
Rz —iRICIR 55,

1.2.3. b—=x><v bnEEL

= A=y MO EENIZ DWW T DA W
COPDIFFETIRA LN T W BI2T &\, Hidari
(1979, 1981) 1%, DAFDN— A > NEW =R
LRICA L I bR S FMIEL, WRATEIOH
NEE DBIREEZE T2 &iI2LD, —r>
< P OWEEZFHMET 5 2 EASHRETH B LW
L7z (K1-3), 29 L CTHEL 2Pl v— £ >~
WA e L E B S 0, BRER T RIS
<7 l), KRR BIZ L > TREFMET L, 20
EEFRAKRTICHNL T, BETERINZNEDD
WA MR DR VR R MUT L T B 2 & R L
Twa (k, 1979), ZOHEINEWZWY H§ 2
ER K NEYORI ZUETE B HTENL TV
B, W= A H=ma—VICEETE I VI A—F—
397 POREFT0mm THDHNDT, B
TN N— A > NEYO LT FEEREICRESNTE
D, RO IAARHEER e TR 51— 2
vy FOEZEFHUT S Z L IIAWEETH - 72,
= A DIEFBICIRD /NS LEY 2 — X7
—a—VENL TN D) TIF e k& EY
IZAEOUF, KRELED) CNELED 2515 LTS
B F T BT 5 $ ToRREE (ascension
rate, cm/min) T/L— A > = F DX 23 L 72
7ed H 5 (Welch, 1982; Vaage and Milligan,
1993) (X 1-4), Welch (1982) (3% 4 7R 2
BT EEBZFL 72 & 25, 4 AR D 300—
900, a—>H A1 —2 190—-2008, TL7 7L

Cable ] Cut for joining

the motor

_-Ball bearing

Strain

gauge 70thm
28mm
I
Wing Shaft
$ldmm

Figure 1-3 Specification of torque meter and block diagram of measuring instruments

(Hidari 1979).
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Figure 1-4 Device used to measure rumen ingesta
consistency. Diagram shows positions at
time zero. Support for the 1,362 g weight
is removed and the 454 g weight ascends
through the rumen contents. The thicker
and tighter the rumen ingesta pack, the
longer the ascension time. Satisfactory
measurements were made in tureen con-
tents ranging from liquid to tightly
packed hay masses (Welch 1982).

Tl oy b A=21 B, BEAER D 60—130 & 2
D, A ARHEED & 5 I WER Tl L — 2 NE
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Figure 1-5 Effect of rumen digesta mat on passage of small particles of
non-forage sources of fiber (adapted from Allen and Grant,
2000). Left-hand panel represents well-formed rumen mat
whereas right-hand panel represents inadequate rumen mat

(Grant and Cotanch, 2012).
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Figure 2-1 Structure of Yamanaka type soil hard-
ness meter (Koga 2004).
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Figure 2-2 Cone penetrometer (MARUTO Testing
Machine Company; Koga 2004).
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Figure 2-3 Structure of the device for measuring penetration resistance and depth of rumen

digesta.
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Figure 2-4 View of the device for measuring penetration resistance
and depth of rumen digesta.
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Figure 2-5 Techniques for measuring cone penetra-
tion resistance in rumen digesta.
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Figure 2-6 Typical result obtained by the cone pene-
tration resistance test in rumen digesta.
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Figure 2-1 Method for defining the ruminal mat. q.:
Cone penetration resistance.
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Table 2-1  Chemical composition of diets

GG GS TMR
DM, % 24.0 75.5 42.4
CP, % DM 222 15.1 15.4
NDF, % DM 45.3 58.9 36.3
TDN', % DM 72.4 57.6 74.4

GG: grazing grass; GG+ GS: grazing grass and grass silage; GS:

grass silage; TMR: total mixed ration for high yielding lactat-

ing cow

DM: dry matter; CP: crude protein; NDF: neutral detergent

fiber; TDN: total digestible nutrients.

''TDN was analyzed by the Agricultural Product Chemical
Research Laboratory in the Tokachi Federation of Agricul-
tural Cooperatives using estimated equations of NRC (2001).

B2 72,

B AW E RO EFRR 2 HTr— 2 >~
<y b Iy PEICHEIL, TNFTNOBREELH
W72, BEHFEICOWTIEIRRL2E) THh-72
(X 2-7 ), FBURHE G-HE ) B AEHTI E K
PCERWIET—F D—iR% X 2-8 12, BX L HER
DOBIRICH LTI T 7% H Tdd e — 2 >
< F ORI 2K 2-9 12T,

2.5.3. fERB L UEE

ZAME HIZ B 50— 2 > NE AHEHLNE Rk
WREPE22ICF DR, V— X U RBRNEYDHELX
12 GS, GG+GS, GG DJETHET L, TMR (3
ANl & e 72, WEMIOHREIZDOWTIE GG D
AHMB 3P L N FEFRS L b ERL 72,

Grazing grass

N—R =y P OBIIGS D B, GG &
GG+GS 2Nz <fEE %), TMRIZGS DB

T Z1B313EDBETHoT, —A=y FDE
21X GGHGS i b IEL %), GG & TMR %131
FLWET, GS 2% DM & RS2 D -
72, JE=y FENAB XX GS, GG, GG+GS L T
TMR DJETHEAL L 7225, MABFWNL— 2 2=y
I EMHEOZEITRE CE T » 72, BRITOW
T, GS 7L<, TMR, GG, GG+GS DJET
Ll oz, AMETH - 72 GS Ei/MED GG+
GSo#EIF2/HUEE LY, MNFHCNL—X >
<y FTALNZAHEE DL D LR E 7 HEM
ZRL7z,

WEDAEHRE L2 GG, GG+GS B LGS T
13 GS DB T ERNEWB L UL— 2 >
< P ORI TMEEICH - 72, GS IZ5EEITH
FDSET L—/ETH Y, EKRGDIZITHHIT
W TH - 72, GS 2RI TH - 72 Z L 13 NDF &
wWICHRBENTEY), ZOZEDGSHFITL-
THRNBEMB LU — X<y F ORI 25
HThsbeFEzonsd (K2-10),

—%, TMRBES IV —A> =y b = b
o 2 MR I N2 DD, v— 2 v NEWE
R BWIFN— 2=y D g flED D TLL , T
e LIRS 5 IR ThH ), HmE L v— £
oy PTETWDL LIV ZITEWIKETH- 2
(X 2-11), Z i3, ARBTH W72t 135852

Grazing grass + Grass silage

Figure 2-8 The effect of four diets on the penetration resistance test in
non-lactating cows. The wave pattern data show that they
become deep in the rumen towards the right from left. N
(upper part): consistency of rumen digesta; mm (lower part):
depth of the digesta. N: newton
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Figure 2-8 Results of ruminal mat definition.
Ruminal mat was defined in A and B. In
C, ruminal mat was not defined. q.: Cone
penetration resistance.

REDA L WIEWMFLTH - 72D T, KEMOE W
W FLA A TMR 248 L 722 L2 & ), SREms”
Jo— 2 > NOYFRH TlE 72e <, A 2 FRET 2
RCHIB S Nz72dThH 5 RS LS (Gill et al.,
1988; Mbanya et al., 2007) .

N— A=y b ERTIE= Y N EDE X (3L
2L BEDUNE D o 12D, V— X IR RO 2
BLTEBY, BIENEW» L\ E v STl 41
BEodel L w7z,

N—R =2y F DRI LEIDRRTIE, GG &
GGHGS DI HICBEPH L THIESI»RL B
T2, BoPZUIEE( LGS DL ) hr—
2, HD5WVIE TMR DX 28RS\ DDFE %
BEArE2HEL WL r—2%L, Rl siczgnen

WS BTe 5770 R 52, b— 2 > NEWE RO B
R AERE LB cm DEL> LRI b
59, —xr=y b riEey FEICHET S L,
FOEIFMARTIEecm LRI IA 572, 2D Z Lk
N— X NERRLERE L TC—2DT— 5 TEHET
% LR @ 2 PRI TE T, BEREIC
AT 2 EEMEIRL T B,

ABz &), REMEONETEEIBHL L
N— 2 NE AP ERE 2 HW5 &, 57
ETN— A NEROBRR LRI 2HETE, [
2= x> =y PR X DMOYEITER 2 H%E T &
L2 NS 5Tz, — X > NEWD Bk
BE & o T fERDIBIEICIN 2, v— A > AEW O
BREGMER % SEHi S 2 872 oA & LT qe (I3 R
TEhEHEZ N, FICERELLLT L]
<, TERDWIZETIE L UGG o T2)v— X =y b
DEX ¥ EX % g & L CERICHE TR
L 72 M RBEOAMEDS TS 5725 9

3. F¥ls peNDF EEDEVH I —X 2y
FERICRIFTEZE

il #tH peNDF Srmic g4 T332 ER" & L
TR O UINNR &R BT 515, YIKHEDS
B e b, HBIIP»ITT 2 &, —HIICIE
peNDF &®m 1 T35, 2Dk 5 % peNDF & &
PERWERHC BW TR, v—X =y FEEPAT
27 ), KBOmWmFte— 2> pH DT, = v
b ORI JAABEREDIRT 2 & 85 = DR~
DL D [ ASLCTHLTRML T eI N Tar
(Grant and Cotanch, 2012), L2 L, Z#F T3,
ZN 6 DBREMEIC DWW TERAME % Ff > THRES 115
Z 3oz,

Z ZTATETIE, fkd peNDF & v— 2 >
<y FEROBLEZHET 5 BT, ARk
FHEIEICHER L TR &=L 72,

3.1, BROREANIL—X >y FERICRIET
22 (A1)

3.1.1. B®Y

FAEF ORI A TEEY & v— A > pH IC B A
13T EiEE < 5B E N T 5 (Okamoto,
1976). Okamoto (1976) %, HHEEZEIC b~ T~A
X 2 — 7 CIXRBEE WAL, V— x> pHILT
DIEEIIRENZ L 2O T WD, AR DORES
peNDF &ma5iid4 2 L IIEIEEI %4 & SARA
FIED ) A7 0 E DL LY BEN L ki, 4%
WL DD L ENTWE, LrLAh s,
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Table 2-2 Summary of penetration resistance test in cows.

GG GG+GS GS TMR SE

Total rumen digesta

q. value!, N/cm? 9.1 10.2 13.0 45 2.6
Depth, cm 52.8 59.9 61.0 59.5 1.3
Ruminal mat?

qc value, N/cm? 10.4 10.9 15.8 5.5 3.1
Thickness, cm 36.8 48.9 325 351 4.0
Non-mat material®

qe value, N/cm? 7.39 5.88 8.18 430 1.19
Depth, cm 16.0 11.2 285 222 4.1

'q. = F./A., q.: Cone penetration resistance, F.: The force acting on the
cone, A.: The projected area of the cone.

2Values are the means in the area above the point at which the 2
regression lines for the relationship between the q. value and depth of

the rumen digesta intersected.

®Values are the means in the area below the point at which the 2
regression lines for the relationship between the q. value and depth of

the rumen digesta intersected.

GG: grazing grass; GG+GS: grazing grass and grass silage; GS: grass
silage; TMR: total mixed ration for high yielding lactating cow

SE: Standard error

Figure 2-10 The hard packed ruminal mat observed
at 3 hour after feeding in non-lactating
cow receiving long chopped grass silage
ad libitum.

SR ORISR peNDF & i D45 )L— 2 > pH X
FUEREIC RUTTHEIC D W TE—E L 728580 5
NTUT Wi n,

FRPRTEE Df/NC ko> Tv— 2> pH DMETF L 72
YA & (Krause ef al., 2002b; Beauchemin et al.,
2003; Teimouri Yansari et al., 2004), i & 5588+
A L 7284 (Kononoff and Heinrichs,
2003b; Kononoff et «l, 2003b; Yang and Beau-
chemin, 2006) 7S LT\ 5, FUIRERIZ AKX
WiRZ2EMT2IETERTT 2 &) RPN D
DT TR S LT v % % (Kononoff and

A
Figure 2-11  The rumen digesta which formed insuf-
ficient ruminal mat immediately before
feeding in non-lactating cow receiving
TMR for high yielding lactation cow ad
libitum.

Heinrichs, 2003b; Krause and Combs, 2003;
Teimouri Yansari et al., 2004), YIWrEALHE D2t
BRAHLNTWETEHEL L% 3% (Beau-
chemin et al., 2003; Kononoff and Heinrichs,
2003a; Bhandari et al., 2007), Z D & 95 GHEROAR
—EHIZDOWTUE, N— X WNEWIC & 5 EE %
HEDZEW 1 2 5L oM, HMEEHES & O iR ikt
PR 3E \ALHG G- R ) peNDF & ) 3% W Ay is 2
LTWwBDTIE v &) 35555 5 (Bhandari
et al.,2007), WiCFFHIMEIRTELZ LiIck -
T, Pz & P BOR DS IRBY 2 BR T A5 1,

FURESET 5 2 & b S N T3 (Park and
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Okamoto, 2008) .

Bk L 7289812 BT, v— X > NE O ELE
ZEE L T v 3 D3 b T A 12 Kononoff and
Heinrichs (2003a,b) IR S5, LA2L, #6012
N—XNEWMEeaRRL, DM B & * NDF
TN A ZFHL TWB 00, Zibh—
A v pH RFLVAEREIC BT THEICOWTIERL T
W7

Z ZTAHITIE, iR peNDF S& 05
JL— A 2=y b PRI RIT TR D W R
L2DICREND R 5 TMR % F v Tk 2 50
L7z, Ik 5222 312 peNDF =D R 7% %
TMR #HET 572012, FH55A D TMR % f.6H
R CEI L, 5t TMR & UIKi#5 TMR %
WIS L 2B — 2 > =y PR, L— %
> NFERERIL, TGS B & OFLAEREIC D W TR
L7z,

3.1.2. M¥teH&E

3.1.2.1. gt @W

B 2 R B RS TR I N TV B L— A >
Hma—VLEEFE LRV ZIA S EMILL 45 A
M7z (CF¥KE 623.1 kg, F¥5 64 H%065.8
H, “FHIpEK 1.8 pE) . PEFLIZ4EH 5 I 30 4 & 16 I
D2MEL, INXYT—TF—TT-72, #HiAS
FEEERT ML 224 R P ClEL, T
LF Ty L AICEBYEEEAZEEE L TH
Wiz,

3.1.2.2. ke

BERFTRHI ML 72 7T 2 A v—2 (W
#GEE 28.0%, LATRER), BRLEL L 72 2 — >
FAVL—2(18.6%), TIL7 77 7E—)L~—)L
FAL— (6.6%), ¥EILA-HEAER (TM7 : 32.
6%, WV INT 2 218 7.7% ; FERE M4,
ALIE), KR (1.9%), E—F 37 (3.9%), 3
I NEME (A—r—=7"55:0.6% ; HiEERE
LML, maREm), ©5 2 (e
577 —2102E 1 0.1% ; HAESETERA S,
RERECILTE) ZEA L 2RAfE (TMR) %Xt
X (Control) & L7z, XX TMR % UK L CTH#
5L 72X %X (Chop) & L7z, fEkoWIRNZ 1%
N7 7 2 H LENH & A S HERHI A (FR Y Y 2
FC22C ; A7 —j, Tk Z#BHL, el
10 mm THIEX TMR % 2 JEUIRT L 72,

TMR Dfilklekatic >\ TlE, HAfGZERELE- L4
(1999 4EfR) 1| L T v 225 Z R — b

EFPRETRE S — P AL 72, RHREICH W2 EEES
BT ort% B 150 H, pEK 1.9 E, 1K 640 kg,
FLiE 33 kg, FURE4.3% L L7z, b0kt z 1
H1Mm#ES L, HBHRREE T2 X901 HOEYRE
/O 128 %E 5 272, KB L OREZEIR I
W7z,

3.1.2.3. RBGEGTB L oefizEigEL

AT TR 10 HIE, AEEBI 12 HH% 13 &
T3 2 MR Lz, BRI 2B —HE L, W
T OB EY) BT, 1R T RICREEL 72,
AR P N 1 ~ 3 HHICHRAR, JEEB
UHREATEN B L O IGE s, 4 ~8 HHICL—
ANEAENE, OHHE 12HBIRL— 2R
FeaiRE B2k -7z,

3.1.2.4. HIEHHEB L O > 7 )VEREL

RFH 28 L TG m LR w2 EHFH L,
RamzilEl 2, B5mi3, SRR O
MC TR SN OE R & 5idk L 72, FREIIHBG
30 FANCEA MO T, w5mEFE L HETHRELR
#®iz, BEL7z, WOy 7)) v 73R EAT
BFRAMM b omEH, EREOT 7)) v ZIINED
MO BEL Z RV 72EH B 20w, oy
TN EICE = AR ANTREE T F TN
JEAN TR L 72,

BRAETENI B b — VI ERE S LT B FE
HitE AW S ERT 24 e =21) > 7
nTEBY, T—2i3FEE2BDY 3 I AF
Nz, ZFN%FEIZCSV 7 7 4 V2R LR EATE)
DT —F %1372, METEHDEFICH 25T,
Metz (1975) B L OHIAr & BEH (1991) D FHEICHE
v, Kolmogorov-Smirnov ?—itEHaE % F v CH
KD AEDOFMFHERM L VRENZERL
72 FRNTORER, IREATRIRRAT 4 40282 A
IC—DDREMDPHKT LIz A L7z,

KEWEEZ, 5 (2005) DI, EEE
TA XL 2AvA 7 0RZERK (CX-01; 77— b
ETHEE, ®a0) AW 72, XEH % UEkE
WZHY) AT, R BT 5 L D ST L 72,
EEE, LA LN LGS E22EL, T AELEE
H2=> } (NR-500, NR-ST04 ; ¥—x> Z, kR)
AL TCarbEa—3—Iicl) AL, BTz, B
S ROYAT S INDIVE /A Sl ¥ - 7)) | B @Y = i e
DWW T — S ZEVHEIC e 5729, Ak 51T
BRI S 2 IR TIT 4 - 72,

N— A AFEYORE 2 WET 5720, HALEHR
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HERB 2T - 720 HHEDOWIZIZ 2 ETik~7258 Y
Th b, BAEPHZIIHEEER (0B 254
54% 22 Bef ¢ 2R iz 12 MIEERE L 72, HIE
BRI BRI~ DA EFEFE L T 1 HizfAHE 4 2L
T, HIERIFE D 6 BEEILLEBAC LD BB L, 12 [
DMEE 4 ~8 HHD 5 HMlIcHFT THEMBL 72, F
72, BAICHIHGE R L — A >R Lv— 2 v
R EDRBL 72, b— A YHIEL—A > H
—a2—VL ) EEDZARA FTHIIL, F—E T
LCH > 7R P uic 50 ml BRELL 72, BREUVRTE
LicpH ZMEL 721, T E=TREEEB LW
VFA BEDGH £ T—30C THEMRIFL 2. &b
B AHCHTHE A T D P RHE 5 RERE, WE D E
#3T 72D 4 HAERF DS B 2 HOBERA &

1RERIRE D) T 72,

=2 NED T — N A X8 L O R b
3R & FHIT 2 7o emiRIE 4T - 72, WAEMER
BU kbS5 ERT (0h) &85 2 B (2h) 125
Ml 7z, FADBEMEFEEL T, NEWRIHET 1%
132 HMOBEAZ T 720 v— X > NEWIE S
—a— L5 BRI O TIZHET CRILL, #
MBI DN TIE 7 TT Wl 72, FRIL 72
o— A NI RHES, S e L CliE % 58
ELTRAEL, BYONFEWITELIZV— 2 I
L7z,

— X N > 7 N3 30~50g §0 5 ~
6 MideEisl L7z, aXERICIE, HEEOKE S
A¥2.36 mm, 1.18 mm, 0.60 mm, 0.30 mm, 0.15
mm 9 6 EFEICH PN T SE 2 Wz, o7
* FBRICAN 2 ZICIRE)IE 2 mm TKE S » 7 —
RIS 2T e H5 5 20 472 1F CHigl L 72 (SIEVE
SHAKER, MRK-RETSCH) ., HE & % 2.36 mm LI
LoEICEE L 720 D% Kk, 2.36 mm & % 8
L 0.15 mm DL EERICERRE L 720 o 2 /Mg,
0.15mm K TRHH2VEHHBLTLE->2LDE
PERIEIRE P & L 72 KETRL & /NIRRT 12 DWW T,
5~6MAGDty7NEDEFEDICLTHEZA
1, 60°C T 48 WEfR EEZEE L 72, £ D1, Rt L 72
I E & e L 72, Ao kel iz E
2ARE RN W2 > 7o E R TR L T
BLEESAT 2 B L 72,

AEFRBEM 2@ L THEH I L > 7o—F—
THEFHIE N2 T —8 2 Hwiz, JLRGIcDWT
13, KRB 1 HESY H2 5 4 HEOWIZ»IT T
6 PEFLEGE CIHY > TN v TR B I k572, LG
DEHTIT MG E B REHOEMAE S IR L T, hR
MR IR & AT - 72,

3.1.2.5. fb¥ohr s & ObT 7 i

Rt B L UL— 2 INEFWIZTXT 60°C T 48 I
MR M L 72 s ki L, it L 72, i
(DM), #z >,z (CP), MR (EE) 8L
MK (Ash) EwD4HTiE AOAC (1999) 12 #aHL
L7ze WMET 2 —2 = > FMdl#E (NDF) 5 & Ot
T ¥—v x> b M (ADF) |3 Van Soest ef al.
(1991) DFH B 72, FEMIHEYE R AL (NFC)
12 NRC (2001) oKz L72d"-> THHBEL 72,

NFC=100—(Ash+CP+NDF+EE)

#5 TMRDODM & #1132 44.7"% TH-72, ZD
i Ab2pe s & (DM H1) 13 CP @ 14.8%, NDF !
39.3%, ADF :20.7%, EE :3.2%, Ash:6.7%,
NFC:36.1%Th -7z,

#5- TMR R ORIES /i % Penn State Par-
ticle Separator (PSPS) # M\ CilHlIL 72 (Lam-
mers et al., 1996) , AWF3E THW 72 PSPS 13 2 Bt
fi (HBAZ 19mm B L8 mm) &ZT1A 5% 5
LOTH-72, #5 TMR %= PSPS THiisl L 72 B
12, B2 BRoodi FIC R L - etk e A oA
FHiE % physical effectiveness factor (pef) & L,
pef IC# 5 TMR O ¥ NDF &% 5 0 T
physically effective fiber (peNDF) &= % &HL
72 (Beauchemin and Yang, 2005),

— A R, T ®=TRRERIEES
Mz KFELAZEH: (AOAC, 1999) THB Z %\, VFA
BEDGHIE A Z 7=t 777 (GSG3810 ; WA
SRR, HER) CTHEMiL 72 (Erwin ef al., 1961),

3.1.2.6. Halur

ETALELIZ (3 TMP7 (SAS 2007) &7 4 » F T
n7a L —v p—% i B s 42 AR,
LD FEE % B ERIR & Lz, P<0.05 TAEAD
D, P<0.10 TMEMmH»HH & L7z,

3.1.3. #&R

3.1.3.1. kst

xf X TMR, # X TMR T % 11 % 11 pef 13
0.533 £ 170.38, peNDF & & 13 21.0% 8 £ °
14.9%TH -7z (& 3-1-1),

3.1.3.2. ¥Rfrsm, WHIERISEIE L OFLAE

#*3-1-1»56, 1H%720 0 DM ##HE (DMI)
B & ' NDF #EtE (NDFI) (3L & 3 Wk T
H - 729, peNDF $BH&E (peNDFI) (KX T4
BEl2HEA L2 (P<0.01),
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Table 3-1-1 Particle size distribution, physical effectiveness factor (pef)
and physically effective fiber (peNDF) contents of total
mixed ration (TMR" and voluntary intake, eating behavior,
rumination activity and milk production in cows

Control'! Chop? SE P-value

Particle size distribution®, % DM retained on sieves

19.0mm
8.0mm
Pan

pef*

peNDEF®, 96 DM

Intake
DMI, kg/day
NDFI, kg/day
peNDFI, kg/day

Chewing activity
Eating time, min/day
No. of meals, /day
Duration of meals, min
Eating rate, gDM/meal
Rumination time, min/day
No. of rumination periods, /day

Duration of rumination periods, min

Total chewing time, min/day

Total chewing time/DMI, min/kg
Total chewing time/NDFI, min/kg

Milk production
Milk yield, kg/day
Actual
4% FCM
Milk fat, %
Milk protein, %
Milk SNF, %
MUN, mg/dL

13.9 5.1 - -
394 32.8 - -
46.7 62.1 - -
0.53 0.38 - -
21.0 14.9 - -

19.7 19.7 2.3 NS
7.45 7.67 1.01 NS
3.85 291 043  0.002

329.6 310.2 329 NS
11.2 119 1.8 NS
34.6 305 4.3 NS
55.5 622 2.7 0.09

500.5 525.7 144 NS
13.5 135 14 NS
36.4 40.3 45 NS

830.1 836.0 33.5 NS
43.6 439 43 NS

117.9 111.6 124 NS

27.9 271 36 NS
281 285 3.6 NS
4.08 434 0.12 NS
3.42 3.46 0.14 NS
9.02 9.08 0.21 NS
7.73 8.24 145 NS

!'TMR had DM contents of 44.7%, and chemical compositions (DM basis) of 93.39% for
OM; 14.8% for CP; 39.3% for NDF; 20.7% for ADF; and 3.2% for EE; 36.1% for NFC;
and 58.8% for TDN, respectively. DM: dry matter; OM: organic matter; CP: crude
protein; NDF: neutral detergent fiber; ADF: acid detergent fiber; EE: ether extract;
NFC: nonfiber carbohydrates; and TDN: total digestible nutrients.

2 Chop: the ration prepared by twice-chopping the control TMR using a forage chopper.

3 Particle size distribution of TMR was measured using a Penn State Particle Separator

(Lammers et al. 1996).

* Physical effectiveness factor determined as the proportion of particles with DM >

8mm.

® Physically effective NDF measured as the NDF content of TMR multiplied by pef.

SE: Standard error

PREER], BREMIO MECCFHRE I LB & 5
EZ o7z, —F, ARSI RIXIC
AT X i E AN B - 72 (P<0.10), —HD
SPRCEIRER, REIO BI% B & OFRRE R R 12 A
L&A LNT T2,

PEFLEIIAIEIX 27.9 kg/ H, MIKIX TIZ 27.1 kg/
HX7%c o7, 4 %FCM, FURIIEE, L5 > /37 B,
HENRFLEZ 33 (SNF) b & gL REme g Rig s
(MUN) iZi3Wind#idh -2,

3.1.3.3. »—AHNEMBLUONL—Xx>=v }
(RN

— A NEYE, WEMORE B L UEA
EHMERBROFELRICOWTEI-1-212R L 72,
N—A>HADMEBLUNDF migH > 7)) v 7k
b b TR TR L - 2. NEWDE
W7 — Nt A ZIEWX & 12 0 h Tld Mk s
KEEHT B & O EE A % o0 Bl 2 MM % 7R L
7275, 2h TlEKREDE T & ANMER A 2YIZIZE L <
oz, OhBLXUO2honwgiuzBWwW Ty R ES
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Table 3-1-2 Rumen digesta characteristics and mean retention
time (MRT) of feed particles in lactating cows

Control Chop' SE P-value

Total rumen digesta
DM weight, kg

Oh? 10.9 11.5 1.0 NS

2h 14.5 14.1 1.0 NS
NDF weight, kg

Oh 7.20 767  0.64 NS

2h 8.69 8.75 048 NS
Ruminal particle pool size, kg DM

Oh?

Large particles(>2.36mm) 3.38 3.73  0.60 NS

Small particles(>0.15mm) 4.00 4.31 0.51 NS

Fine particles(<0.15mm) 3.50 351 0.37 NS

2h?

Large particles(>2.36mm) 5.10 494  0.32 NS

Small particles(>0.15mm) 5.27 513  0.36 NS

Fine particles(<0.15mm) 4.16 4.08 0.44 NS
Penetration resistance test

Total rumen digesta

qe value®, N/cm? 25.2 24.8 0.6 NS
Depth, cm 53.1 53.2 1.7 NS
Ruminal mat*
q. value, N/cm? 32.4 29.6 15 0.09
Thickness, cm 31.4 37.0 2.4 0.04
Non-mat material®
qc value, N/cm? 23.4 21.6 15 NS
Depth, cm 20.5 17.1 3.3 NS
! Chop: the ration prepared by twice-chopping the control TMR using a forage
chopper.

2 Hours after feeding.

3 qe = Fe/A., q.: Cone penetration resistance, F.: The force acting on the cone,
A.: The projected area of the cone.

*Values are the means in the area above the point at which the 2 regression
lines for the relationship between the q. value and depth of the rumen digesta
intersected.

® Values are the means in the area below the point at which the 2 regression
lines for the relationship between the q. value and depth of the rumen digesta
intersected.

SE: Standard error

I ABER 22 133860 & N o - 72, BEAIPTREB O
RO, WMNEMEB L UIE=y FEIZERI B L UBER
ICEPRHE TR e dr o 72, V— A=y PRI
HETIRLh - 720 OO AKX & ) B <
T AEmERL (P<0.10), ESFHRX LD M
WX Hs Fal- 72 (P<0.05),

N— A NEW, V—Ar=y PBLVECy b
OB B LR HNHER X 3-1-1~3-1-3
IZRL 72, W— A NEWIIERE, R EHlITKE
T HANZEENE AL NG -7 (X3-1-1), L—x>
< DI IR A THIMIX TE#)H K X
e bFEmzERL7Z (K3-1-2), L—X>=y +D
EX M oBE 6 etz i, BB 20
cm 7 5 40 cm D P THERE L 72 (X 3-1-2), FE

<y MEOR I ZMmER L DITKE BEHITALN
otz (M3-1-3), —F, =y PEOWS I
5.2 B LU 14 R TIIHBIX 2SR L) b3
<A ZRL (P<0.10), #8520 BEfL Tl3ont
BT HERLS 2 Mz R L7z (P<0.10),

3.1.3.4. W— X 3B

% 3-1-3 12— A VDT OWT E & D
720 J— A W pH IFMERIC X 5223 e 5 72, 4
VFA, BERE, 70 & » B &5 I MBIX T
flix e MR L 72 (P<0.10), ZDfod VFA
BLUOT 2= TRRERBEICIIAINC L 5737
P72,
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Figure 3-1-1

Time after feeding

Effects of particle length of TMR on diurnal variation of

the consistency and the depth of total rumen digesta. q:
Cone penetration resistance.

3.1.4. BE
3.1.4.1. fRHIKE X L— 2> =y PR
(e
FAWE X 3 R IX & TR o peNDF & & 2%
6 %BLL T L, peNDFI 4 2% 722 &0 b,
SR LY 3 GO WELHI A R EE AR & HI T &
2o FNUCHL Db LT, =Xy FOBREZ
HIBX EDIcHEE L2, L AMEX TiZ
2 FDEADPFEICHT Z L AR LT, Z DA,
PRI OB £ B D I X TR ME s & - 72
(P<0.10), B8z B 2 R AEE O UL ik
FOWHMEE D 34 L AT A2 KT %
ORI INTE Y, SRR A HE & R B
TLERAFMIERET 2 EH2Z 5N TWD (Wil
son and Kennedy, 1996), L 724> T, $REEEH
RLTWB EBD, MKIX TR THRIX & 12
BFEBEOFRI ZIERL 722212, Zolzorall

2T 5 2 ODMIG B D> 72 EFH 2 b
%,

PREGEEDE L, T E TOMMG AT S
L, V= AVIZWAT HRER A EIA S EE S L H
2 6515 (Lee and Pearce, 1984), FATEL D KA
BRI IBEEN D 22D % { R > TB D ESEW
DT, N—RAr EICFEL TL— 2=y FDE
TR EF & %5 (Van Soest, 1994), LEOE A
KA AR RN KRS THA L 72 2 & AT IX
BIFs—xr=y P DELDOBNCK DIz &
WM 5,

RATGENC B L CIZHINNC & 2 23R SN
Molze N— A=y MI— A VBEE BT % 2
ETCRBELGIERITEEZSNTEY (Iggo and
Leek, 1970), = OB O#ETTIZIZ =y P HBER
DR L TWd &I NTw5 (Zebeli et al., 2012).
ZORD LMY 5L, ARBRTIEIL—2>=y b
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Figure 3-1-2 Effects of particle length of TMR on diurnal variation of
the consistency and the thickness of ruminal mat. qc:
Cone penetration resistance.

DEZ IR X AHIBTX 2 % Lal- 7227 (P<
0.10), KB IHE) 2 R HET 2 721 DB B i kG
VoI ETIRI > EHERME NI, —H T, =y
FOESEMBIXDG B E o2 oD (P
0.05), JEXDEW Y KHICHET L2 i3k
72,

Yang and Beauchemin (2007a) 12 7V 7 7 L7 7
TAV—CDOREZLEZ 52 TR D
peNDF & & % 13.9% & 19.8% 7 2 FEFHIC B E L
72 CHILE I 60 - 40) . = @ peNDF &1t & MRS A&
FAGERE & FELT 2R TH - 72 hs, S oRERT
I3 peNDF &m® & 1 HORA, MHE L ORI
MEoMIci3AEELIEDBERIZIRS LN -7z
(W3 Yy P<0.10), Beauchemin and Yang (2005)
IFMERHR & L CRIEDR L 2 a— (L —C %
FAWCaRBR 2 %0 L 72 5%, [AE%IC peNDF & & i
IR X IEDEMRBIR 2 RO L - 72 (BRE, K

BB L ORIHERE 3L P>0.10), AilBric
BwTy, f@khh peNDF 4222 52 & TL—
A2 WEWOWENE L AL L 7270, B3IhE) %
T AT OBETII L 572, Fk L 23T T
nbn—xr=y b OMERSLIERIEEIZ DWW TITH
EL Ty, peNDF &anZfbmil &ic—
A=y P OYEMEIRIELL T 5720 L
e, ZIsDRERIE, S & o RYE % et
T BB, peNDF &mz & 52 57150 Tid A+
FTHDHIEwRBEL T,

HIKEIX > L — 2 > ZEREMRIZ, pH OAKT 1L H
FUz, VFA BEIZ R Wl E e 2 A 2R L7z, L—
AAZTWA L 72ER 1T L 2B L - T
HERHARHE G A 2 4, Bl 72 ) ORMFE A1
KL, WMEPOAEZERH T 5T L THRE - 5%
DREDS EHs B (—F B, 2004), KX T,
SOBWENHNE 2 21 37 & LARMERI EE 2 L T 7o
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Non-mat material
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Figure 3-1-3 Effects of particle length of TMR on diurnal variation of
the consistency and the depth of non-mat material. q.:
Cone penetration resistance. T: P < 0.10

Table 3-1-3 Ruminal pH, VFA, and NH;-N for each diet
in lactating cows

Control Chop' SE P-value

pH 6.21 6.16 0.06 NS
VFA
Total, mM 125.3 1476 7.7 0.09
Acetate (A), mM 75.3 87.6 5.6 0.09
Propionate (P), mM 23.6 299 2.7 0.06
Butyrate, mM 18.6 21.3 1.4 NS
AP 2.77 2.87 0.21 NS
NH,-N, mg/dL 6.73 7.06 0.71 NS

! Chop: the ration prepared by twice-chopping the control TMR
using a forage chopper.
SE: Standard error

T, WEMOREYAARENIADE B L MRADE BHRAEDIR E b EFE 2 5 0 L ABBIY LB
P 7 ), RIS SEREDMIEME X AL T REE DY B ThHholRESZ5L LNLT W, W—A2=y T
HIBFX D)L — 2 > = MIXRTRK L) RS 9 W E By E5Z T, KPHESH»HHRHEINEGZ Lidw

M B - 72h5, RKBEESEH L 5128 TlaZe <, 3 LHEZ LINBDY, — X U IEEEDRIE D & R
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R R IE R L, AR DML 25 L T L
I LNV, =Xy b DB DEF K
IZDOWTIZE L% BBET VN TH 5,

3.1.4.2. TMREKIE L L— 2=y M HEED
BER

— M Hy1Z, TMR F 8 EE 12 MR AE D 3 X
H—BREEE R sl on, fRFE ORI
& o THHEDEREL 720, 2y T4 > 7B E o
T — 2 TIIAHED VINT A e A4, St DM ER A R
PERTT2EHZLNTNE, ZDL ) LMEDS,
TMR 3 X% —OHHHEERIZ AR RASINL R
DicBWTIEEWHIPFEWEENTW 3
(Heinrichs, 1999), L2 L, AHBETiZ, #MkrX T
Abittz k)i TMRUIMIE &ML T L— 2
>y N DORBEFRICNT 5 WE AR DT §
5213, LAy FDEAIIHETZ EA9R
SNTzo V—Ar=y FDEZPETI LIS,
=R 22y b AO/NER A I JhRIC & B fi
Fro Rz E2FTE %5 (Grant and Cotan-
ch, 2012), MKIX T=v F DRI PATEICIT L %
ol R E LT, 4R L 72 TMR O L 5 ick
BRI B & o R LRSS 53.2%) T
U9 52 & CHRIEDEIR PV ER IS THED
e EDHERE S, =y P NERAN D TR
FoleldTiE WV EHEII NG, HigkoEW»
TMR TV A v—y0UIMiE %8 < 3% & DMI
& FUIRHIESILE (FCM) (Beauchemin ef al., 1994)
HBWI3FERE (Park and Okamoto, 2008) #7134
MT 2LV HEDD DD, D& kEFizxtL
Th— A=y PO ED L IcBE L Tw
e DB DR 215,

Dk, MMrXc—x>=y b OYERHAKT 2558
HLNLho72Z E 5, peNDF &b )b— 2 >
< P OYEEORIC IZEREHINTE R LS &
EARI BRI CEHHTE oW 2 7 = ZADTF
T 5 EDRBEENT,

3.1.4.3. &

TER, FEDRLEE DRI D IV — 2 =y b DA
EELLL, VA CREICEREL MITT L
mEINnTEL, L LARBR T, B5EFD
peNDF & &2 F L, peNDFI 2 EI2HEA L~
LB bL T — 2=y b DRI Llkb
I EFEY, WIZEANHTZ LTy b OB
TS 7z, ZokER, HEEE s L osld
PEICTEREII RUET, L— A RBHI T L AUET

LAEA DTS b7z, 21U, peNDF & & L— X
vy OWELYE X ORIZIZNT L D IEDO E G RIR
BN LR RRTLLDTH b,

3.2. HREfAFPHELEDBEVEIIL—X Ty b
MROBIR (KB 2)

3.2.1. B®W

FWILF I EIEELE RS EETHNDT AL
¥—2OREm(, EREZ TR I L1201
WOTICEEWZ 52 5 b8 H b, ZDI2HI
13, SPRIOMIENE T, T 7 EELSBL L
TxZ bk, LaL, 20L& il akst Tl
£t peNDF R IMETLTLEW, L—xXr =y
b EETI— A NOBIERE 2 TR TE Y, R
B )L— % > pH # @YD Z & A WBEIC 7 5 &
ME XN T3 (Okamoto, 2000; Yang and Beau-
chemin, 2009), Okamoto (2000) i2 & % &, MLk
70 130 O 4 BT U K% W R 450 4/ H, FLIR R
3.718% TH -7zl xf L ¢, MR 32 0 68 DT
1318 310 43/ H, 3.08% & 3 114 Mied TIERWE T
holzZ e HiEIN TS, —HT, D%
B ¢ 7zediz ikt peNDF a2 L35 2% 24l
RIepsEpEIC BA-L, SRh o LA Y % i
RTELL B Z &b, AR DR 7o et
WMEROET KD 511 T3 (Yang and Beau-
chemin, 2009; Grant and Cotanch, 2012).

ZD &) HBEs 5, peNDF & s g% 2%
272 2 RGBS E 2 K i X 1172 (Yang and
Beauchemin, 2007a, b; Yang and Beauchemin,
2009), TN 5 DRBETIIMIBIROEEKIZ L5 T
peNDF & N— 2> pH DBR» R B2 &7
REEN T3 (Yang and Beauchemin, 2007a;
Yang and Beauchemin, 2009). #HiE o fike)
TlZ peNDF & &2DZAICKH T 51— 2> pH D
T D - 7275, MBI Tl peNDF &
BEPEOLIEICEoTL—2>pH b FR L2
(Yang and Beauchemin, 2007a), %&D ¥ TIZ,
peNDF R 25D DI L TL—X =y F DIEK
DRAES NIz T2dTH B EHEZE R L7z 0%, FDHEEE
IZDWTOMGREIR e ST e\,

Zon ki, fikip oMk s peNDF &m0
SEIZFLA DR L — AV BRIBIC B A KT T &
# 2 biLs DY, MBILDE D IL— 2 > N WERLY
BEREREREIC D L ) I L T 2 02 I3 KW T
Hb,

FZTARABClFa—>H 4L —2 (CS) £7F
AW AL —2 (GS) DG EL2EZ 52 2T, M
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& peNDF &N 5% 5 2 0 TMR % i
L7z, Ihoofiftzia Lz sl Hicbs»wi, M
RIEDF AN — A 2=y F ODYBERITEK, L— 2
> NFERE, PRECBEE) S L OFLA I KT
ZOWTHRET 22 &2 HBgE L 72,

3.2.2. MEtE A&

3.2.2.1. fE

P Bt o R R IR e CRIZE S LT B L— A >
H=a2a—VREELLRNVAIA CTEWFLL 4505
A7z CEEMATE 657.0 kg, “FEI0 064 H % 129.8
H, F¥pEK 2.0 PE) . $EFLIZFEH 5 B 30 50 & 16
D2MEL, INFYITIN=F—TIT>72, ZDOM
DEFEEREEIIHRBE 1 (33 1H) LRAETH- 72,

3.2.2.2. HaER

ALEREDEHI BB L 72 2 —> % A L —2 (CS),
FEIEHEL 72 77 29 4 L —2 (GS), HL. I L 72
TIT 7T 7 a—)~_— LY 4 L— (AS), #EFL
A HEA R (TM7, V387> 2 18 5 FERE N
KNatl, IR, KOM, E—F L7 ZRALR
TMR % fivr72, TMR DGz DWW T, BA
BAEREAE - FLA (1999 M) ICAHE L T 538503
SKEFTE Y — b fREES - F2FHL 2, FHE
I 7R SIS a0 B2 150 H, Bk 2.0 2E,
1K 650 kg, FLat 34 kg, FUIRE4.0%& L7z,

CS, #EH A v— (GSHAS) B L U=k
DU G E A #17.0:24.9:58.1 & 47.5:
11.1:41.4m 2380 & L, BI&EZHMIE 40 0 60(5
BEOMIEIGIZ 41.9 0 58.1), 155 2 B IL 60 © 40 (7]
58.6:41.4) ¥ L7z, Z4L6 Dk &M 40 : 60
T3 10 B 30 4012, MR 60 0 40 TIX 10K 1 H
1 5L 72, Bl DWW, 5 30 4R kE
L7z, #E5RIZHABFRE L %3 &) ICHTH O FEHR
fFEn1.2M5E L, FRES & UKIT B HEE
L7z, 2 3-2-1 IRt o by, % 3-2-2 126
B ows G- A B & b - YRS & & 1B
L7z,

FERE D FRELC T, FLILE 40 £ 60 13 ) — LRG|
M xH— (V)= T—F%X—3 X ¥—, KUHN
KNIGHT, 7Y 7%) #MHL, #6040 %
F—AADEER : X% — (SUPREME, 14455k
JABSELRER, ) BRI L 7o, HLIEIE 40 60 (345
HERsL L, tHIR 60 © 40 (3B % £ O THHSBLL
72, FABLL 7ML H 60 ¢ 40 TMR 13— H 04§
DO =— 48 (JEX0.05mm H 120 cm X #t 190
cm) % 2 HITH 372200 DR A2 AT

Table 3-2-1 Chemical composition of forage

Corn Grass Alfalfa round

silage silage bale silage
DM, % 30.9 21.5 70.6
oM, % DM 95.7 89.5 90.1
CP, % DM 6.7 11.7 13.8
NDF, % DM 41.1 63.6 57.3
ADF, % DM 23.8 32.9 42.3
TDN!, 9% DM 72.2 59.2 58.8

DM: dry matter; OM: organic matter; CP: crude protein; NDF:

neutral detergent fiber; ADF: acid detergent fiber; TDN: total

digestible nutrients.

!TDN was analyzed by the Agricultural Product Chemical
Research Laboratory in the Tokachi Federation of Agricul-
tural Cooperatives using estimated equations of NRC (2001).

B L, & 51 s v TR 2Rz kv 7z,
ZFDHEFT A TEEFE), KEOWEENTRE
6 EI FFﬁ’fﬂ‘T [/ fx_.o

3.2.2.3. REGLETB & ooeg R

SERIZ 14 21 B R (80 9 H R, ARRBRE 12 1
M) o 2 iz & ) Sl 72, ghitfig 2 E—
ALE L, 1RB%T Iz F k% iz L 72,
M L - TR OB EE»KRELSELT 20
<, I WM 3 HEOBATEERSG S5 (8
FTHA) 2 3% 720 RATEAD BRI I 40 © 60 &ML
#6040 0 TMR %2 50% 3 DIRA&L7ZL DT
Hotze B, A 1HEHCHY 7)) > THEDOT 7
STV Mk st T HoARBEWM A 3 H BT
L7, 2rUcftbeiofiidd 3 8o T o ]
M% 3 HHER L 72,
RAEFEIARBERICER, RE - KETHE
FUFLE - Flr s 1~ 4 BHIZ, v —AYH
BHAEDE L U — X > N (MRT) O#lE
%4~8HE»,W~X/W%%%E%W%9EE
F12HHIZBZ 572,

3.2.2.4. MEHHB LU 7 VR

#65- TMR ik Ok # % PSPS % W T
L 72, pef 3L U peNDF &m0 RE 1
LM E L7z, SREm, HRETEE L ORBEE D
HEHEIZRE 1 L REETH - 72,

N— R NEYORI #WEL, V—Ar=y
ZEFT DO HABBMIE 250 L 72, 3B 1
ERIBED T TH - 7298, WIERELNL FkHA G- R
ZHREA(OMER) & L 2B LI 22 KER & Top 12
MLz, 1HOWEZ4MPNE L2, ZBEA
PCHLRE I tp o R S RL, MEDEH % &
T 5724060 XD 2 AT 11K ICHEG L
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Table 3-2-2 Ingredients and chemical and physical composition of the total
mixed ration (TMR) diets (DM basis)

Forage: concentrate (F:C)

40:60 60:40
Ingredients, %
Corn silage 16.8 46.8
Grass silage 21.8 8.20
Alfalfa round bail silage 2.86 2.76
Concentrate mixture A’ 25.0 9.28
Concentrate mixture B? 21.2 13.0
Beet pulp 7.69 7.43
Soybean meal 3.85 11.14
Mineral supplement?® 0.64 1.24
Vitamin supplement* 0.13 0.12
Actual F:C ratio 41.9:58.1 58.6:41.4
Chemical and physical composition of TMR

DM, % 43.0 40.1
NDF, % DM 37.3 37.5
NDF from forages, % NDF 64.5 73.6
Particle size distribution®, 96 DM retained on sieves

19.0mm 7.27 14.3

8.0mm 43.0 44.4

Pan 49.8 41.3
pef® 0.50 0.59
peNDF7, % DM 18.8 22.0
ADF, % DM 20.3 21.3
CP, % DM 16.0 15.9
TDN, % DM 73.7 72.7

! Contains 689 grains, 199 oil meals, 129 brans, and 1% others.
2 Contains 519% grains, 309 oil meals, 149 brans, and 5% others.

# Contains 240, 100, and 60 g/kg of Ca, P, and Mg, respectively.

* Contains 10,000 IU, 2,000 IU, and 10 mg/g of vitamins A, Ds, and dl-a-tocopherol acetate,

respectively.

® Particle size distribution of TMR was measured using a Penn State Particle Separator.
5 Physical effectiveness factor determined as the proportion of particles with DM > 8mm.
" Physically effective NDF measured as the NDF content of TMR multiplied by pef.

72, ERAGEBOWELY T 55A, Wik L
IEE LD 1R RS G RER 2R T e, B AR
W5E & FKFIC, Vv— 2 > ili% 12 [EERRL 72, L— X
YWD E L U Z DM B 1 & FEkOF
ETIT- 72,

T—=NH A B L OER RS & FRY A 72
DIZ, =X WEMDOEERIEAT > 72, $REL
REZNIASE-TERT (0h) &, #5125 2 Bt (2
h)? 2l & L7z, 0B EFEL TNEWRI
T H41E 2 HM o IfE % 3l T 72, NAMEREUZ B
THZFOMOTHIZRE 1 L FEETH - 72, B
M E R (MENE ) 1Bl TiE, 1.18 mm LIk
DEFIZHRB L 724 o2 Kb & Lz DikE, &
1 (3#1H) & FBEOTHTEML 72,

N— AN MRT #HET 572012, AE 4
H Hofikba G-aiic A o HE CRE# L 2 CS B &
UGS ~v——%N—RArH=a—L L )HZEEL

72o A FOCTEIEGR~— 7 —13, Mader ef al. (1984)
DFBIHEN, 0.5% M 24 FERZE T 52 & T
FHELL 72 (CS:Yb; GS:La), @& T4, K~—»0—
KT 1 IRRIBEA L, B 72, w— 77—
G- 7 W% S5 ER IR Z AT, LAk 4 ~ 6 IR
BEIZEH 15 BIZEZERILL 72, FRIXL 723813 60C T
48 W DL s B & &, STEBRIEL 72, b
DI TN ) b—%, ) 7= 2w AN ELe—
77— L CHbEEE2 BB T2 720IciBA L T7—
wE L2

Al 2@ LTI x> 70— F—TH
Bt e T — 7 AL 72, FLric Dw T,
AR 1 HES o5 4 HHOBIZ T T 6%
FLEf CHAY > T TR B I ko Tz, 7R
AJ BT —HAE LA L7z, i3 HaoH>
TNV %, FLG O TI ALEE R B RE M 21
AL T, ARSI & D175 72,
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3.2.2.5. At B & UMk

fipklt, N— A NEMB L 07— DI R
Bl LREBRTH 5. iR DD, SR LU
T=NEIZOWTRIBET -2 ) T2
(ADL) &=®#%#4# L7z (AOAC, 1999), H{b#n
BHIZ—F (2004) OFEICHE- 72,

- AR = A R X (B ) =
SRR 7= g R)

- RAIIAEER = (1 — & s HRil - 4 o R £
) X100

MRT SRR > 7 0V L EE & i
TIIKAL L 72181, A HROGRKIEE 2 ICP 3865
M CER L 72, £~—7—? MRT % Pond et
al. (1988) 9 two-compartment model % v TH
L7,

N— X R RS, T E=TRERBESL &
U VFA BED G % R 1 & RRERICSE L 72,

3.2.2.6. fatiuEt

R LELZ 12 TMP7 (SAS 2007) D7 4 > F &7
N7a s —2 v —x 7z B L 2 B RAR,
WD E BER L LTz, P<0.05 THEES
D, P<0.10 THimH Y & L7z,

3.2.3. R

3.2.3.1. Rk

RN 13 NDF, ADF, CP 5 L Uf TDN
FEAT Y FIRHE T L 72ME & 70 ) ko
SIS IHLLL CTa7z (F3-2-2), 72721, Mgl
40 © 60 TlTHfAEIE®K NDF Zms T L 72,

—F, fEAROWEMEICOWTA S &, ML 40 :
60 & IE~CHIEILG60 D 4013 HBE 19mm 2L Eo
EiR R E AT <, WSS IS T3 2 ik o
BEDUED 5 T2, Z DFER, pef B L U peNDF &=
IZHLE I 40 0 60 & 1) LML ML 60 & 40 255 Wil &
%o 72,

3.2.3.2. ¥RAwEB L UNMIEIGH)

F3-2-3 IcHRAE, WWEREIE X O0FLAEEIC OV
TF L7z, 1 HO DM B & tF NDFI iz il ¢z
B3ALN LD >z, 1 HOMBERARH, BRAWImE
B L OTRAI 1 0272 D) oFHGER R IC & ke & 2
FIIRDLNL D572, 1 HOMB B, 833
WBLE B & OB 1 1812472 D) DR R 2 65}
FICHEMDL 72 & %o - 72, 1 HOMKIEEEER, DMI
W72 ) DOKSTHIGE ] 5 & O NDFI 2% 72 D) o) 3 0H. 6
BERICH BRI b N h - 72,

FUEREICBL T3, EILRICER - 72D 4%
FCM TI3HIEIL 40 1 60 & ) LAHLBELIL 60 : 40 2%

Table 3-2-3 Intake, chewing activity, and milk production of lactating cows

fed 2 different diets

Forage: concentrate

SE  P-value

40:60 60:40

Intake
DMI, kg/day
NDFI, kg/day
Chewing activity
Eating time, min/day
No. of meals, /day
Duration of meals, min
Rumination time, min/day
No. of rumination periods, /day

Duration of rumination periods, min

Total chewing time, min/day
Total chewing time/DMI, min/kg

Total chewing time/NDFI, min/kg

Milk production
Milk yield, kg/day
Actual
495 FCM
Milk fat, %
Milk protein, %
Milk SNF, %
MUN, mg/dL

19.3 18.7 0.6 NS
7.17 6.94 021 NS

259.6 260.3 244 NS
10.0 8.7 0.9 NS
29.2 37.1 6.2 NS

519.3 526.0 46.5 NS
14.1 14.5 0.5 NS
37.0 36.5 24 NS

778.9 786.3  58.3 NS
40.6 42.1 3.6 NS

108.8 113.0 7.8 NS

20.9 21.7 3.3 NS
22.8 24.7 3.4 0.099
4.19 446 0.14 NS
3.73 3.69  0.06 NS
9.23 9.06 0.17 0.052
8.43 732 1.39 NS

SE: Standard error
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7 Mg 2R L 72 (P<0.10) . FLEAICBA L T,
FUIRDGAS, FL2 > o7 B3 E L O MUN (2 AU 22
(3% 70 - 7228, IR FLE a0 B 40 © 60 AL
BRI 60 140 L0 L EwEmAZ R L 72 (P<0.10),

3.2.3.3. W= AYHNAEMB IO IL—2> =y
PEK

— A T NEWE, V— 2 > NIRRT ok
TN A ZBBUH AR R % & 3-2-4 12
FEof, W— AW DM =B & O NDF =3kt
MGERTB X O° 2 R W L AR RIS 2o o
7o F 72, #6575 2 K# T DM =B 40
60 T 3.3kg, B 60 : 40 T4.7kg ¥hmL, NDF
B CITHLIEIE 40 1 60 TIx 1.6 kg, tHIEIL 60 : 40 T
13 2.7kg ML 72, v— 2 > NEE ORI 7" —
N A ZIFHEEERTS & O 2 BRI 3740 b ALER R
THEI LD - 72, MGRBOMINE T, WRE -

L REVEL A & DL B oI oRRE R & L, N
R 7 — N DZAIZ N E 5 72, B AEPUHIE D
KRB, BNEW, V—2r=y b BLUIECY
FEWTND q s L OREICAEIC X 5 EIR Y
o7z,

3.2.3.4. N— X FFE

Jo— X I DFEBEEIRIC DO W TER3-2-512/R L
72, pH WML T3 % <, Ed EHHEH TH -
72, M VFA B, & VFA BB LU AP iz >w
THIE AT -T2, T E=TREZRBEIZ
HIEHE 40 60 ASHILIEH 60 © 40 & D LA FICEWE
o7z (P<0.05),

3.2.3.5. n— A WNEIRT O E R B L OV
B
—x > NEEEHY D MRT & 8ol o &80

Table 3-2-4 Rumen digesta characteristics in lactating cows

Forage: concentrate

SE  P-value

40:60 60:40

Total rumen digesta
DM weight, kg

Oh!

2h
NDF weight, kg

0h

2h

Ruminal particle pool size, kg DM

Oh!
Large particles (> 1.18mm)
Small particles (> 0.15mm)
Fine particles (< 0.15mm)
2h!
Large particles (> 1.18mm)
Small particles (> 0.15mm)
Fine particles (< 0.15mm)
Penetration resistance test
Total rumen digesta
qc value?, N/cm?
Depth, cm
Ruminal mat?
qc value, N/cm?
Thickness, cm
Non-mat material*
q. value, N/cm?
Depth, cm

9.51 9.89  0.90 NS
12.8 14.6 12 NS

5.94 6.61 0.70 NS
7.56 9.32  0.82 NS

4.08 4.46 040 NS
2.26 2.60 0.24 NS
3.17 2.84 032 NS

5.77 6.70  0.65 NS
2.90 321 031 NS
4.12 472 087 NS

20.5 21.6 2.3 NS

61.0 62.7 2.0 NS

23.8 24.0 3.3 NS
34.4 36.4 3.0 NS

18.4 19.2 2.5 NS
26.3 26.6 3.5 NS

! Hours after feeding.

?q. = Fe/A., q.: Cone penetration resistance, F.: The force acting on the cone, A.: The

projected area of the cone

3 Values are the means in the area above the point at which the 2 regression lines for the
relationship between the q. value and depth of the rumen digesta intersected.

4 Values are the means in the area below the point at which the 2 regression lines for the
relationship between the q. value and depth of the rumen digesta intersected.

SE: Standard error
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Table 3-2-5
lactating cows

29

Ruminal pH, VFA, and NH;-N for each diet in

Forage: concentrate

SE  P-value
40:60 60:40
pH 6.12 6.27 0.12 NS
VFA
Total, mM 123.9 111.0 7.1 NS
Acetate (A), mM 73.3 66.3 45 NS
Propionate (P), mM 27.5 23.3 2.5 NS
Butyrate, mM 18.0 16.5 1.0 NS
A:P 2.77 2.87 0.21 NS
NH;-N, mg/dL 9.42 7.78 0.71 0.02

SE: Standard error

Table 3-2-6 Mean retention time (MRT) of ruminal feed particles
and feed digestibility in lactating cows

Forage: concentrate

1060 o0 oo Drvalue

MRT, h

Corn silage 35.8 354 2.7 NS

Grass silage 47.9 431 2.7 NS
Whole-tract digestibility, %

DM 63.9 66.2 0.6 NS

NDF 445 50.1 2.1 0.01

Ccp 59.9 646 1.7 0.07

NFC 91.4 87.2 2.0 0.06

DM: dry matter; NDF: neutral detergent fibe; CP: crude protein; NFC: non forage

carbohydrate.
SE: Standard error

WIbEE K 3-2-61cF &z, L— XN MRT 12
CSBIUGS & yIcMBBTEIFA LN - 72,
F72, B EIZCSDEHGS &) L MRT A 5Lk
B MM Z R L 72, & LETHILERIE DM 2 i3 AL
12 & BB D 5 72 A%, NDF (M ILER AL b
40:60 &0 LA EEIL60 400 HFFICE L &
(P<0.05), ML < CPLHFRIZOWTIZEL &5
%R L 72 (P<0.10), —F, NFC i ba=idr g
40 1 60 AL 60 1 40 kD) L E L L AN R OR
L7 (P<0.10),

3.2.4, #E

3.2.4.1. MBHOENEL— 2=y IR

AP ORI T 9 % &, REFR 55
AL, peNDF @2 TT5DT, —X >
< F DBEI DR, JELADWL TR E e,
Z ORER, THMEE IR L, — 2 I B
FTHREME D MESI N, Lo L, KRB RDy
L5ix, ZNHOMEFWTNLRDLNT, L—2X
> NBEMOBE RS RS b E W L 2 pBie a7
T ahodz, DF Y, MR 40 0 60 RT3 R
RO GEED W2 7212 L b 5T, Mg 60 :

40 ik & AR EOWEE 2 A L 72 v— 2 =y b
PRI ND Z LR ENTZ, ZTDHEIZDOWTIL,
JL— X > NEP R — A > N DREER 7 —
WA ZHMBIC L 2B ZT hhr o722 &7
JFRINTH -7z FH2 bz, — X > NEWOREE
e L— 2 =y P OYERGEERIZ 25 e 0 -
o2 &R LT, MHETEEIRL— 2 > pH L ALEE
MTELLZ LI h -T2,

Yang and Beauchemin (2007a ; 2009) 1%, *HiE
Wx60:40205 356512 FiF 5 &, ARABREEE
peNDF &b %5 2 £ 28HTw5, Lo L,
AR T of5 R, HEEE<e)v— 2> pH LA E
AT 52 2L TB Y, ZUIARHERER
LR BIETITH - 72, HLIRIGIIAEER & FET
Ho7ZIZHBb S TRV R > ZRKO—D & L
T, HERHREDOE D FEZ 5N b, 15 DWFYETIE
TINT 7T AL —yDa AR E LT
D, KRB TIE 772941 —2, a—rHAfL—
PBEIUOTNANT7 N7 A L2 BHRHR E L
Tz, 4 AR IZ L — X > DTEGIC L - TIRE
THET T 505, < ABRMIEII OV — 2 > FEWE e &0
UNDZERIC - THREPKT T 5 L 0ORHEBS
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(Gill and Romney, 1994), 4 xFHz&E LY L 7L
77 IVT IV D I — A 2 pr b DI DTN
LT 5D H D (Grenet, 1989; Ueda ef al.,
2001 ZNHEDZEDL, TLVT7 7 N7 7H AL —
> (Yang and Beauchemin, 2007a; 2009) & A<ikEx
THWR 77 284 v —2 25 UHRNE Tldr—
A NOBE RS 2 T2 T 2 B Py B &) R A 5
ToTniebnt#ftgiinsg, 2%, ARBTIE
b Nz v— 2=y F BRI N
7%, Yang and Beauchemin (2007a ; 2009) DH#f%E
TR ZDBEIATFTHY, ZDIZ & H UGS
R )— X > pH DFERDEE KDz b L
g\,

3.2.4.2. MIBHOE N LML

Jb— A > WA O MRT 3L & 58 %
Z\F e dr 57255, NDF B & O CP ka3 ML
60 © 40 TEEER: & 70 o 720 BRI HEHENS bER YL
6040 THEEICE» > 7272512, HLIELIL 60 : 40
DRI IEFLE AR T 40 © 60 % k- 1nl 5 i 2 7%
L7z g S sz, MR FRIC & 7% ) MiHEN
bE DA i3 Moorby ef al. (2006) 12 & - T3
HEINTW 5, @il LoBmE LT, s
13 KL R Tla L — £ > pH 2 H I THIZ 6.2
PI_b T2 L T2 72 O I ilHES R LV — £ > ik
WDTEED S HEFF I NI 2D TH B L HEEL T
5 AGRBROMIE L 60 ¢ 40 fEHZ BWTH L— 2 >
PH 25 6.27 L& - 722 &0 5, )b— X U ildic
& DHFENS LR S L2 oh L Lt v,

3.2.4.3. £&®

N— R =y b DPEIRIZER O FEREVE S0k &
Vo REDEVIZETELT B EEZ LMD
(Zebeli et al., 2012), L L, A& TIZ TMR ©
Mg EZE LTy ~=y MERIZZERL Zh -
72. MR L peNDF & ®AMETF L T3, ML
0:60KDLHIcA ABMCEZ BT 52 2T,
N—RA =2y F OPYFEER T IETICL— X VR
BRI IS ) 2 B IE ISR D 2 L ST E B 2 L aVRE
2Nz,

4. FEFEMAMEMBMERDOIREE VL — X2y K
LUt DOBEE L DR

FLA OMHETR & L iR LM BIEMIC & %
2 I ERHAHER L % < AR 1L 5, IBHLETRE
HMERIS 2T 7 Bz, bR L v 2 & b FUAR
ELCHLTEBY (Varga and Hoover, 1983; Zhu

et al., 1997; Miron et al., 2010), HMLEKEIEE O HeES
LA EI BT 2 AT R A PE (B, 2000)
LA 27 x)v (Adin et al., 2009) DA 5T ALK
IZBWTH ZDEZEWDH L T3 (Poore ef al.,
2002) ,

BIpEfakHL, —i%I2 peNDF &&29E< (Mar-
chesini et al, 2011), F7z2)b— A > N TOMHEDTE
B i B &8T5 (Bhatti and  Firkins,
1995; Voelker and Allen, 2003b), B F5E D JEA
EHT 0 — A=y MK R D T S
ZETREENS EFZ LT 5D T (Robinson
et al.,1987), RIEWOIEFIZ L > Tl — A=y
F 2 EUNEWORS GRS 2 T b3 B0 D
b, F7z, EBEOEGHMICE W CULMHER & LT
BIPEMIHAR CRIH T 2 2 L3 — B Tld 7 <, HIfA
B A EDETHHT 2, ZDMAaA b 5 HH
FHZ & - TH v— X > N8RS e LE G B h 2
1t§5% &%z 515 (Allen and Grant, 2000; Eas-
tridge et al., 2009),

ZZTAE T EMAHEERIED E LTT Mk
E— VTR, B 8T TH DM EIT
RELREwE L ClikicE- Lz, £, ©—F
2NTIZ OB TR AL DY B HfRHZ DV T LR
L, ZNZTNOEPEME S8 L 2B AEDI— 2 >~
< FIEBCRIER F OERRIC DWW RT3 Z & %
Hige L7z,

4.1, JEFEEAFHEMEREE L T 7 MR 5 IL—
A7y MEREFLEEICRITTHE (KB
3)

4.1.1. BmY

o E TlIkk 2 e BIEEY D R & L THW LT
Wah, FN—DOTHDT M (NER ) RBH) (X
Z L EBELERRE THEH S LA A RIE TH 5,
RBH i3t & 2o m > i TDN &b e Ok
SEATEGE N R - B SE BT A BT JE B A,
2010), FLAfEHCHE L 2RIEEMICH B L FEZ L
%, —7J5C, RBH Dl 3 Ao Hk R HEDR & 7]
FRICRLEDS I WD T, B FE o 72— X 2=y
b DS, WIBGEOWL, H5WId—x >
pH DBENET, o2 iBa3ns,

RBH * MEHBLL T2 KGR %2 W3LFIc %
WML, L— A NEWOE X psirib L,
N— 2> pH LT L7z & § 585 (Weidner and
Grant, 1994) 7°% 5 —7)5 T, FLESLIUREL ML
2T HHELH) (Miron ef al., 2003; Miron et
al., 2010), FLFEDEPEE~NDFRS—H L T
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v», Weidner and Grant (1994) 13 KGR DT
SEWEH JE D IR S RHEDS L — 2 > OB TG REE Tk
B e LT T & B8 L, Miron ef al. (2003) 13k
GREAHEDO ML S T WRMED S FLA B IC IE DR
UL L EERL TS, HIESNTWRWD
TAMTH 555, RiEEBETIIN— A=y D
BRI B2 - ThB ), ZnsEpEikicBd 230
FoRGICZELE bS5 Lzond Litk\vy, 20
ol KREELT MERS LIFICBT 5
N— X NS EREOBEE 2 RET 50T
b5,

Z 2 TARHEITIE, Mo —# % RBH T# &
25 Z N — 2 2 NEW OB AP LB G 8z K
3B A SIS 2 2 oI JEMFLE 2 Vv 2B &
BZ%w BBk 3-1), REOERHEGSREC BT 5%E
BROREE BT O LA PE % A5 5 72 DI WL
BEHWZL ) —20RBEERL 72 Gk 3-2),

4.1.2. M H&E

4.1.2.1. R

R 3-1

B 2R M R B TR S N TV B L — A >
H=a2a—V2EELRNVAS A FEIEWILL 4 T8
w7z CFRMARE 781 kg) o FIZRERBEIZ B 1 & [H
O ERR S A A P —NLTh 72,

R 3-2

P M B B 7 ) — 2 b — VA T EE
ST 2D 1EE 40 BHOWIFLA %2 20 BT D 2 Bl
AEN Tz, BEOSENT 72 0 AR, g 2 & >
Fav, KEBLOESEOBI»F LS LbLHIc7
) =2 =N NES— TS 72, BER S E
THBCPER, itk B, FlEB L OFUREERDT
HLL b k) IcTEEL 22, REBRBIARE O SRR
I3KE 657 kg, PEK1.9pEB L 41k 150 H T
Hotz, HEFUIMHSKE304rE 16K 2 & L,
SNX VI T—THEBL 72, A F—LiF T A
Fo 7y PV ATELNLTEY, e L TER
PRV,

4.1.2.2. gEAER

Ak 3-1

BEEREAEH T, MEAEHA 5-#14 60.1% (CS:GS . T
VTP ra—)LX—) )L f L—=4]1:14
6, #lt) TRBH % & e WX &, MR
L#1451.6%(CS 1 GS=37:15) TTIL7 777
TA V=, BAERBLUE— LT D%

9.4%»RBH TiE&#:2 72 RBHX D 238 & L
72 RBH iZAL i D MeEEH L ) AT L7225, 1 H
DRHERICIRED D 572 2 L LG REZ D LS
IZEE L 72,

ikt TMR & L C#% L, CP & TDN &&»°
LT 5 L 9 IcikEFL 72, TMR o filklgkitic >
T, HARGEZEENRE - 204 (1999 0 gL <
W R FESESRERHE S — b SRR — 2
L7z RHEICH W72 BIFE S35 14% H % 130 H,
PEK 2.0 P, RE 650 kg, FLiE 33 kg, FUIEH 3.8%
& L7z, TMR (3 8 KRIZAKRE D 1.25% i % il BRAG -
L, BENIFH O 7RI Brwvie, FEES LU
Kz HHEERE L 72,

Rl 3-2

Bk, MEDEHE 514 53.4% (DM #&-5-4
£, CSGS: TNL7F7 N7 7a—N_—)LHAfL—
v =32:18: 4) TRBH #& % Wil X &, HE
EHE 514 50.3% (CS : GS=32:18) TT L7 7L
T A Vv—y B UORAEEDO—% 8.1%D
RBH TW&E &2 72 RBHRX®D 2 & L7,

TMR ix5H 77 #:0 R e 13 il B 3-1 & [FkE T
H o7z, TMR IZ4FE] 10 B #4551, EEEE s §
572D 5 ~10%H 2 L ) iIcihb e Rk L
72 BEAMGEIIBHAIRICBI -7z, BEESL &
OKI3 HEICIBEROTRE T H - 72,

AGBR TR 72 MR B & O RBH bR %
#4-1-112R 7,

4.1.2.3. RBGEEGTE L OofEEE e

Al 3-1

BRI 1916 BRI (P10 AR, AHBRE 6
HIE) o 2 MksEc X D LML 72, 1 H ISR
Xk #2451, 24 Hic RBH ¥ 2445 L 72, A&
REWIR T Ic IR AR 2EH, L— A > WE AIEHTHR
BB LUN— A R E 1~ 2 HHIZ, $REATH)
BXUOKSEERAES 3~ 4 HHIZ, v— A HNE
Wrge R E 9 HH & 10 HHICHEML 72, S 5126
Bron— 2> W MRT 2HET 572012, TR
#H (10 HB) ofikhsG-aiic A 3003 TR L
7GSBIUVE~NAITT7EOwaY (SFC)~>—h—%
N—RArH=a—L L) 572,

B 3-2

BRI 13 HIH B Z 2w, 5> 10 H Al % T,
D o 3 HIHZARGE & L7z, ARBIRE Iz
ek s, 2EDILES & 0TIk %4 B Et
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Table 4-1-1  Chemical composition of forage and red bean hull
. . Alfalfa Red bean
Corn silage Grass silage round bale hull
silage
DM, % 39.9 44.5 74.1 12.4
oM, % DM 94.5 85.2 87.5 92.8
CP, % DM 8.0 15.0 17.7 17.6
NDF, 9% DM 41.6 49.6 51.7 81.0
ADF, % DM 25.9 41.3 34.5 63.0
TDN?, 9% DM 70.5 54.7 53.7 59.3

DM: dry matter; OM: organic matter; CP: crude protein; NDF: neutral detergent

fiber; ADF: acid detergent fiber; TDN: total digestible nutrients.

'TDN was analyzed by the Agricultural Product Chemical Research Laboratory
in the Tokachi Federation of Agricultural Cooperatives using estimated equa-

tions of NRC (2001).

WL, 1~2HHICHREL VML 2% 6T >N
REATEB L OSEE & P4 L 72, RUHORE (S
1HHE 2 HHAD 2 [, FEPEFLI T R FHI L 72,

4.1.2 4.

R 3-1

ieG-fERR O RS AT % PSPS & v CEHINL 72,
pef & peNDF ? & il i 13 sk B 1 & W T h -
72,

RamE, RETEHOWEREIZ O W TR &
FEETH -7z, KBEEENFIIC L 3—F—2HL
7R BERS 2 2RI ) AT, fRaE 2 U2IEIE & PCUC
B0 AR, ZDOW w5 2 & TRAIL 72,

N— X ey FELD IO D E AEHHIE I35
BEHT, &5 2 Befifh s X o0 12 BefilfRIcER/iL, £
MOTFLEIZOWTIRIEE TERERETH -2, BA
PEHLE & RS, L— 2 AR 72, L— X
OB L U F DEOMELZ R 1 & FEDOT
ETIT- 72,

TN A X B L OER R AT & A 72
DIZ, N— A NEWO RN EIT0 - 72, FRIL
REZNIASETERT (0h) &, #5125 2 Btk (2
ho 2R & L7z, V— x> NEWSEERIUC T -
T, — A WNDORLER DRLESAG 2 WET 5 726

ICEELI (v M) ONEWEF T, BEIEELR
(#?vFE)®W§%%ﬁv7T1£vF%WL
720 WEMRTUCEET 2 2o FE:3 58k 1 L [
FETH o 72, )b— A > WERPEL T R BE 23 1 E 3 G
KEFAE) 2B L TiE, HEIE Ok & 275,60 mm,
2.36 mm, 1.18 mm, 0.60 mm, 0.30 mm, 0.15 mm
D6 KA INTWBE VY, HEkEBicH A v
AT (HBIX 47 ym) 22 F L7z, HBIX271.18
mm P EDEIZER L 720 0% Kk, 1.18 mm
B 2@ L 0.15 mm DI L# & 4 v > I I ERE

WEHA B & U > 7 VR

L7z oMk, 47 pm K THA v > G %
WL TLFE-72 DR EMESHEIE L2, ZOM
DRIEFATZEIEIC DWW TOFTHIZRER 1 SRk E
L7z,

N— AN MRT #2#5ET 572012, filkbs5-nT
oA B RICHR TR L 2GS B L SFC=——
BL—ATH=a—L L )HEE L7 (GS I3 La,
SFC i3 Yb THEak) . #5413 6, 10, 14, 18, 22,
26, 32, 38, 46, 54, 62, 76, 96 B L U* 120 B[4
CHEBGIREFEREBZ ko7, FNPUADTFHEIZON
TIEkBrR 2 (3324 LFETH 72,

0 3-2

KGRk ORI EE AT 2 PSPS & H W CRHML 72,
pef & peNDF OH M 3Bk 3-1 L HEETH -
72, MO RB L UEMELHRE LRAEREZ
WHFHL 72, BEHRER T ZNENOFFOEFEEE
(2058) THT Bz &L DERAEEZHN
L7z, PREATEIE X ORI O WSE D 72 > 12 Wi
b 6D EHIH L 72, BN H 7z - TFFL
&, JURIE, pEkEB L O5its B Wit i3

FLLA LB LHICBELR, HRETH - KEIGHD
eI RER 3-1 & HEkC IC v o — 3 —J55
ZHW7z,
FLEIIEETL S LI HEhEH S el A v 72,
FLBsriz DT iﬁ%‘xﬁ%ﬁﬁﬂ*’ﬂ}%ﬂ:‘ L&Y
7 7L, AGHRER ERUE ARSI L Gl
ﬁ%ﬁ%ﬁ%ﬁ&;io*ﬁtto
4.1.2.5. ALt B & OfEMT 5
ikt B & O — X WEBOL R 23R 1 &

FIERIZ AT L 72, ALFEGH~— 2 — 0B Lo
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BRRREB L O VFARED G2 B ko172,
MBI ERE 2 EEETH - 72,

ABE 3-212BWT, NDF Z & L 7288 R Rk &
DOFEE % NDFI O Al Iz 39 2 FERE O # A &
L Ci#HEL 72 (Leonardi and Armentano, 2003;
DeVries and Gill, 2012) . NDFI »#4¥#iE i3 DMI i<
MGk NDF gtz e Lol e L7z, KR
100% % T - 72 & & (F#IROGICHET SN Twe 2
ExRL GRIRIRASH Y, sorting against), Wi
100% %2 72 & 2ZHA THEREI N T2 &%
wL GERERAED D, sorting for), 100% & L
BEHIRAED L 512 L R ERT B,

4.1.2.6. iatet
MEHLELIZ 13 TMP7 (SAS 2007) 7 4 » P ET
N7ar—re—rHwiz, &Bk3-1TlE, BB

LB wmh R, ML EEs R S L, R
B 3-2 T3, F2Zmahf, WL WERR
L7, P<0.05 TAEZEHDD, P<0.10 THHmA»
n&L7,

4.1.3. #R

4.1.3.1. gk

K 4-1-2 IR O Rt O d R EL A b B
L O 2 B L 72, TMR OMEDEE A 13K
Bk 3-1 TIIAIX 60.1%, RBHIX51.6%ChH Y,
A 3-2 TIIAIRIX 53.4%, RBH X 50.3% T4 -
72. MiEER E LIkl Z RBH ClEE#i2 52 &
12X > T TMRH o NDF & ADF g&ahnL,
DM B & "ML ¥ tH kR NDF & &, pef 8 & O
peNDF &iidifd L 72,

Table 4-1-2 Ingredients and chemical composition of the total mixed ration

(TMR) diets (DM basis)

Experiment 3-1 Experiment 3-2

Control RBH! Control RBH!

Ingredients, %
Corn silage
Grass silage
Alfalfa round bale silage
Red bean hull
Concentrate mixture A?
Concentrate mixture B?
Beet pulp
Soy sauce cake
Soybean meal
Mineral supplement*
Vitamin supplement®
Chemical and physical composition
DM, %
NDF, % DM
NDF from forages, % NDF

Particle size®, 26 DM retained on sieves

19.0mm
8.0mm

Pan
pef”
peNDEF®, 26 DM
ADF, % DM
CP, % DM
TDN, % DM

40.5 36.6 31.5 32.1
13.5 15.0 17.9 18.2
6.1 - 4.0 -

- 9.4 - 8.1
15.9 31.1 19.2 13.7
8.7 - 7.4 7.6
6.6 - 7.0 7.2
4.2 4.8 4.4 4.5
3.6 2.0 7.6 7.7
0.8 0.9 0.9 0.9
0.1 0.1 0.1 0.1
53.4 37.5 48.7 42.2
37.3 41.7 39.4 42.9
70.6 58.0 67.4 57.6
17.1 4.9 5.5 2.0
47.5 40.0 46.8 43.7
35.4 55.1 47.7 54.3
0.65 0.45 0.52 0.46
241 18.7 20.6 19.6
21.7 25.4 171 20.7
15.1 15.9 16.5 16.4
73.2 74.5 75.2 74.1

! TMR containing red bean hulls.

2 Contains 68% grains, 19% oil meals, 129 brans, and 19§ others.
® Contains 519% grains, 309 oil meals, 149 brans, and 5% others.
¢ Contains 240, 100, and 60 g/kg of Ca, P, and Mg, respectively.

5 Contains 10,000 IU, 2,000 IU, and 10 mg/g of vitamins A, D,, and dl-a-tocopherol acetate,

respectively.

¢ Particle size distribution of TMR was measured using a Penn State Particle Separator.
7 Physical effectiveness factor determined as the proportion of particles with DM > 8mm.

8 Physically effective NDF measured as the NDF content of TMR multiplied by pef.
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Table 4-1-3 Intake and chewing activity in dry cows (experiment 3-1)

Control RBH! SE P-value

Intake
DMI, kg/day
NDFI, kg/day
peNDFI, kg/day
Chewing activity
Eating time, min/day
No. of meals, /day
Duration of meals, min
Rumination time, min/day
No. of rumination periods, /day

Duration of rumination periods, min

Total chewing time, min/day

Total chewing time/DMI, min/kg
Total chewing time/NDFI, min/kg

8.81 8.89 0.63 NS
3.27 3.71  0.26  0.002
2.12 166 0.14  0.001

106.1 100.7 9.5 NS
5.25 3.50 1.44 NS
26.0 46.2 9.6 NS

207.7 243.7 275 NS
10.4 105 1.1 NS
20.1 233 2.0 0.06

313.7 3444 363 NS
36.8 398 6.3 NS
99.8 95.5 164 NS

' TMR containing red bean hulls.
SE: Standard error
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NDFI 2472 ) o MRIA M REEIC A B EITREO S5 %k
Do 72,
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FL— A HNEW(P<0.01), v —x>=v |} (P<
0.05) B LU= Mg (P<0.05) dw§id RBH
KAOMBX LD b RE s -7, —F, BEIC
DWTIFN— X HNEY, W—Ar=y P BIOIE
<y MEOWTIUZB W T LM L B3k -
720 — 2 > WNETE D MRT 12 GS B8 L O°SFC &
LTI L 2RSS SN h - 72,

N—x =y bBLUES Y M EOEER RS
MzeX4-1-11cF o7z, WEX, RBHX & {ic
< v FEOKERTEAIZIEC Y PR &R T 245
FREEWEE -7, 72, = FEOKEETE
BB DOMGE 2 KefZICEmL 722 & 2k E,
R e ML AR & w5 2 JE= P TI,
MY > 7)) v TIRAB OEITA SN T -
72e RBH XD I~y b g CTIZAS-BT/ Mkt )
BDENMER IR L 7225, 52 BRI I3RA L,
W RS AR L 72,

4.1.3.4, n— 258 (R 3-1)

N— A D FEEEEIRIC DWW TFEK4-1-5 12" L
72o pH, VFA B LU 7> E=TEHREED AT
MUZBWT LI L 223 % h -5 72,

4.1.3.5. A, SEPERA, HEEE B L O34
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WL B PR, EPERA, HENEEB
S OFLEPEICOWTER4-1-6 1 F &7z, DMI 121
JUEE X 3 S LWl & 5 72 A%, NDFI O f il 13
RBH KB IX & D) b K&Eh - 72,—7, NDF
DEFEREIZ OV UL, MK TIBRWICE S N
TWw/znizx L, RBH K TlEiicifFA TERE
TWwiz,

PREATE), REIGE)E L OHBIRIERE R IC > W Tl
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Table 4-1-4 Rumen digesta characteristics and mean retention time
(MRT) of feed particles in dry cows (experiment 3-1)

Control RBH! SE P-value

Total rumen digesta
DM weight, kg

0h?

2h?
NDF weight, kg

0h

2h

Ruminal particle pool size, kg DM

Oh
Large particles (> 1.18mm)
Small particles (> 0.047mm)
Soluble fraction (< 0.047mm)
2h
Large particles (> 1.18mm)
Small particles (> 0.047mm)
Soluble fraction (< 0.047mm)
Penetration resistance test
Total rumen digesta
qe value®, N/cm?
Depth, cm
Ruminal mat*
q. value, N/cm?
Thickness, cm
Non-mat material®
qc value, N/cm
Depth, cm
MRT, h
Grass silage
Steamed flaked corn

4.43 4.54  0.60 NS
9.28 11.09 1.10 0.09

2.81 2.85 0.40 NS
4.99 6.40 0.60 0.03

1.44 1.57  0.22 NS
1.52 152 0.19 NS
1.47 146 0.24 NS

3.99 414 051 NS
2.82 3.13 048 NS
2.47 3.81  0.34 0.09

5.31 8.55 0.53  0.007

58.6 59.9 4.58 NS

6.76 10.21  0.76 0.03
34.0 33.3 549 NS

3.88 713  0.61 0.03
24.6 26.6 5.15 NS

33.8 350 2.0 NS
33.3 352 1.3 NS

! TMR containing red bean hulls.
2 Hours after feeding.

8 qe. = Fe/A., qc: Cone penetration resistance, F.: The force acting on the cone, A.: The

projected area of the cone.

* Values are the means in the area above the point at which the 2 regression lines for
the relationship between the PRV and depth of the rumen digesta intersected.

® Values are the means in the area below the point at which the 2 regression lines for
the relationship between the PRV and depth of the rumen digesta intersected.

SE: Standard error

4.1.4. EE
4.1.4.1. BIFEWEREL— 2=y DR ED
E37E

HAEBHZE DR 5, RBHR D )LV— 2 >~
<y MIRX L) LEBWZ EAUREN,—T T,
WG 2 BEARIC B BL— 2 >y | DFEHRIEE
S A D &, RBH IZXFHEIX & e~ KPR #1405 3.5
RA > MEL (39.8% vs. 43.3%), Wiz /Nakd s
B35 RA ¥ FEWE & o7 (27.5% vs.
24.0%) . /L— A > =y M FRIEILO/ IR % #%
WY, ZOWmEEMEZERT2BE0H2EHE2 5
T3 (Welch, 1982; Poppi et al, 2001), A
BrTH 72 RBH 13K T-25 5 Wl HEE k¢ b 5
DT (K 4-1-2), HiEENC L > T~ F DEBICA

D AA, B Ze { FEDIAE N, FDFERNL— 2 =y
F DD EE 5 7272 DI p3bE L 22 W REME A
b,

M EDEHIRHEIR DR 512 & 51— 2 > NSO
FRPERE NI AR SEER 2 2. 5 JLEL % 4T - 72 Kononoff
and Heinrichs (2003b) TL#HESNTEY, o0
B CIZ A WAHED & e RS R G- 2 72120
bLIIN— A NEWREIIHNBX L) L8mL, K
BRI L AL L 2o > 720 AR T D WG %
~L, RBH XL 2 Kefl# 0L — 2 > NEW &
B L ORGSR 3 & L ICRRIX % - 72,
RBH X 33 W Ff e Ke M ATIE & L 72 D 1F, B »
NW—RAr=y P OEIC LB LD EHEREI NG, 2
DX ) BLEN)L— A > =y b A BIEE) 2 AT B
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Figure 4-1-1 Particle size distribution of ruminal mat and non-mat

material in cows at each sampling. Large particles: >
1.18mm; Small particles: > 0.047mm; Soluble fraction: <
0.047mm. RBH: TMR containing red bean hulls.

Table 4-1-5 Ruminal pH, VFA, and NH;-N for each diet
in dry cows (experiment 3-1)

Control RBH! SE P-value
pH 6.93 6.62 0.13 NS
VFA

Total, mM 83.7 95.3 4.3 NS
Acetate (A), mM 46.9 52.7 3.2 NS
Propionate (P), mM 15.7 18.5 1.3 NS
Butyrate, mM 8.43 9.24 0.51 NS
A:P 3.11 3.02  0.09 NS
NH;-N, mg/dL 13.9 14.9 1.0 NS

"TMR containing red bean hulls.
SE: Standard error

FbLDMILER T E2BDHTNE, L—A >
=y MZIIAHE R OB BB BT W EFEZ b

V) FEFIIBESR (Weidner and Grant, 1994) &
—9 3,

Fuma et al. (2012) 13, RBH & MWE»HHEMLL T
WBEFEZ LB 2T D A B R ATSINT
52T, WMEIRI— A > I O BETEDEE L,

THH (Martin et al, 1999), IL—X> =y k-~
RBH WYV IAZNE Z & T=y FNICHERT 5K
HED RO RTEMEATRE B0 LG, 202
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Table 4-1-6 Intake, sorting, chewing activity, and milk production of
lactating cows housed in a free stall barn and fed 2 different

feeds (experiment 3-2)

Control RBH! SE P-value

Intake?
DMI, kg/day
NDFI, kg/day
Sorting of NDF, 9?2
Chewing activity*
Eating time, min/day
No. of meals, /day
Duration of meals, min
Rumination time, min/day
No. of rumination periods, /day

Duration of rumination periods, min

Total chewing time, min/day
Milk production®
Milk yield, kg/day
Actual
4% FCM
Milk fat, %
Milk protein, %
Milk lactose, %
Milk SNF, %

22.0 22.7 - -
7.3 11.3 - -
84.4 115.6 - -

307.7 342.1  19.3 NS
6.67 6.00 0.62 NS
54.7 62.8 4.3 NS

403.2 4196  39.2 NS
13.3 120 14 NS
34.4 36.0 3.6 NS

710.9 761.7 52.8 NS

314 323 14 NS
30.6 314 13 NS
3.88 3.81 0.10 NS
3.24 3.21 0.03 NS
4.52 4.48 0.04 NS
8.81 8.72  0.07 NS

!'TMR containing red bean hulls.

2 Intake was calculated as the herd’s intake divided by the number of cows in each

treatment (n = 20).

3 Sorting % = 100 X (NDFI/predicted NDFI), where predicted NDFI equals the product
of DMI and NDF content of TMR. Values equal to 1009 indicate no sorting, < 1009
indicate selective refusals (sorting against), and > 10094 indicate preferential consump-

tion (sorting for).

*Data are averaged for 6 cows for each treatment.
® Data are averaged for 20 cows for each treatment.

SE: Standard error

EAT RO R B, B F vy b AR
L= 2 > TEMEIREN I N D Z 2 X Bz ek
BN DIEFAL A &, EPEMEIC & > THIRICIERT
LEEZ LS, KRB TII N — 2 BRI L C
R TR e D2 5 7285, G123 V— 2 ReEY
DEGPAER 3 0 = — EEAEHO B 5, L— 2
>y b OWRELED BT 5T ALEEIIMERIZ DWW T
Wb UEE 57259,

¥ 72, RBH X Tix NDF % if- A CHEEUT 5 {d [ H
TERE 2 1172 (3% 4-1-6) , RBH fil#H3 peNDF &mic
02 Wl i LAKD - 7255, BB T D HE e iR}
HoRS S m O BN MHE SRR A 2 W5 2 2 &
R 5T 5 (Leonardi ef al., 2005; Park and
Okamoto, 2008), L 725> T, RBH Ofinr <, &
KGRI & o CEFEREP RIS N, v—x >
2y b DOFEEL NI TH D DT DY
MLz &y n—2r=y b oW FIcBS L
T2 HEHIZ NS,

bz &5, RiTofid vwaElEwE G131 —

A=y FOBELEYGITS &9 5BHE TR
D, Wic=ey F ORI EICEH ST 5 M EEE SRR
Inzz,

4.1.4.2. »—A>r=v I & peNDF %K=

SARA DOFIESLFLRI BT % B ¢ 721
Y17 peNDF #55-K#ICBI$ 2 WA E R 6 1L
CT&72 (Mertens, 1997; Zebeli et al, 2010a).
Mertens (1997) 1%, /v— 4> pH % 6.0 LIz #EF::
T % 721213 peNDF & % fil Bt DM " 22% L1 E
ETBLE DY, FURHE 35X LEZRD726
12 1% peNDF &mi3 20% L EIABETH % L kR T
Wb,

—7J7, 3Bk 3-1 Tl3, RBH K3 X o 24.1% &
W~ C peNDF 575 18.7% & 5.4 # 4 > + o
L, peNDFI y &I L7z, LL, L—xX>
FEBEIZ 3T 5 5B K 3T L 13 % H - 72, Yang and
Beauchemin (2009) 13F#L— x> pH S— X >
pH #5.8 % F Il % I [ 13 7 %} o peNDF & & <°
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Figure 4-1-2 The appearance of red bean hull.

peNDFI &g s H b 2 & 2L 7z —H T,
Weidner and Grant (1994) (KT DA KE S
= WFLA ok 25% F THEEL CL, #EELT IV
TPNT PHEEET LI EICE T, — X
2y P DR L) — X U FERIIHEIEICR NG Z &
PHIEL Twd, BEOKEIE, 72 & 2 EEF
peNDF &2 T LTy, WG+ AL 2
= A =y b HEAE T AU KL T DMl 2> W HE DY
N—R =y MZRDIAEFN DT, FHRIJZEL
fiEofon—xr=y FDEKEN, SARA % FBi
TE5ZEETBRL TV,

RBH X TMR (% peNDF &m s kwviz L B b
53, L—Ar=y b ORI 2HERET 580 R0
oz, AFERIL, EIREYOWERNIARNE % S-S
2 B Bz peNDF 2 A CTHM§ 5 D Tld %
, ZOFRPN—X =y P OB E EICHEST
LG EVS BN L L HET 5 0B D B
ZEERREL TS,

4.1.4.3. FLAERE
g & 4 %BFCM 2 HPEHE TEED e A2 - 7295,

(v

U RBH M & > TDMI 255 L e - 72 2
ELERD—D2TH S 9, DMI 2558, FLARE
LEALL e o 72 & v ) RERIZ, Mz 42—
TNT > 74— FCESHEZ 2ZBEOWRE & —&T
% (Allen and Grant, 2000).

FLIRIFEE L RBH RN & » THE % T e h -
720 ZOFERITBERE G L T LIUREIET
Lot T2MENORELIFHTLLNOTHD
(Kononoff and Heinrichs, 2003a) ., A<ikEk Tl FUIR
Bz T, v—x2>WND MRT, pH B & U'FE
NG =B L T PRHC £ B3I 4o 7,
VFA TEIE I 172813 X & § & NDF ikl T4
LNAMIZe 2 TH Y, B/ 7 v B A4 )
SHBIL TH— 2 NOBCEWE I FE L v
DTHo7z b #EEZ2 N5 (Clark and Armentano,
1997) . F 7z, HIFVRHIHE S RBH Mi#E TE 2 #22 C
LNL— A HAMRT DAL L e n72Z &0 b,
Io— A > NOMMEEALEE L B 2 2T e - 72 & HE
W35,

RBH XI2 B\ TIb— X > FEEEDSHNIC R 72 1,
FUBI DML T L e dr o 72 & v ) FEEE, B R
Fole—Ar=y PPEREN, T2 LI
THRBEH L ERICATbONIZ & EBRL T3 &
F2 b 5b, RBH XIIHKX LD $ 19 mm DL_E&
DFRBRENEDNED - 7257 (K 4-1-3), VIBTRO KW
MEHEZ Ik 5 32 & TEPEREHWD, FLIEED T
FTZErBEICHEEZIN T S (Park and
Okamoto, 2008) . Kononoff and Heinrichs (2003b)
FWILF D — 2 > pH RFEREIC B S KT X 7%
W2 DI TR & AT X AR D MHE DO WP R
fii CKIEES> peNDF &) 338K o v REME DS 5
D, N2 VETLHEIFMEEHERTE 5 EREL
TR, —rA =y b DREEED ST L 727
MIEDFEFIT N2 BRI T T 230 TH A
Do

I o7 ERELMBIC L 5iEVITROS ST
Motz BIFEMIAE 512 & % FEAE O 55 5 e i 92 5k
(Kononoff and Heinrichs, 2003a), 2—> 7 )L 7 >
74— F, 7V FEEHDODG) B L7 2= (Zhu
et al., 1997) H B WFE—F L7 (Voelker and
Allen, 2003a) ##5- L ZBc#E SN TwW5, IS
PR TIEERII R D S o 7 L AKX — DN
T AICEAENS (Grieve et al., 1986), AiKER
Tl DMI X VFA BRI CED o2 2
L b, MfERtE RBH CHMICEE R TH I
DT ANK =T > 23T, kiR —
A AR EE D B A T o T2k
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Control diet

RBH diet

¥ i

Figure 4-1-3 Distribution of particles of Control diet
and RBH diet as measured by the Penn
State Particle Separator. RBH: red
bean hull.

FHZbild,

4.1.4.4. T,
peNDF &m DKW EIEW TH 5 RBH % Mk
EiEEHZ T HIV— A 2 NEW RS EREE IR X
1, BTGB L — 2 > FEEE L EAE K HERE S
5 Z LR S N7e, METRHIGEHE DS L — X > NEE
MOREEHEREOEEEZTERL, ZOMERORMIC
iz RBH BT AGAE NS Z & TERIRE -
Ten— A=y PRI NG EHEME N, ZD
Z & MR NDF o —i#8 % RBH @ NDF I ifi
L TR BERRDFUAPEFLR AT BRI L e -
PRI TH B EEZ ST, TN DORRIL, K%
WHER NV — A FHEEZ T 5 A0 = X A2 DN T
FRS BERIC V— X >y P EREDYR R e W B
Th b2 &b, HEPRHEHE 2 BT DM 2 VBl EE Yk
HETHER SIS S 2 2 BRICIERIER S LT &

DILEZIIN—R =y FPERINGEEZ EET
TLDOTH -T2,

RBH I 28§ b EIEW O T L MG =D
FWEETH 5 (VATEIEAN B - ANEER
MiRs-AM7erERE, 2010), MioRIPEMIZ RBH L0 3
MWHEZEAMEN L DAL, BEEHSC Y 2 — 2D
&) ICHEREOMMEZ TORK L LDIE L T
(BB, 2000), 22T, Rixsaf@EE LT, 2h
LHEEROE C L WERIE 2 LG L 2B A
Bk R )L — 2 > N JERE TR E LD Dk
OB EBET 0B H B,

4.2. W—X2Ty MERESY NI BIERIE
Wis 5 R (RBx4)

4.2.1. Bm

Bl 4 2Xx—Mo & ) TSI — B
2 X7 E L THBEIN TS, RHEiTIZH
AT LY BGE ST 0K o B R
PEMTH BRI DOV TER L7z, RIS >~ 8
TR TH D LI 2 8512 & A4 (Tsutsui et al.,
1998), & 5ICEEROIEEDIELE N O BREESEE (5
M5, 1997) <MLK D in vitro g m L (10
M5, 2012) 2Rz 725T SN T 5, Wk
WIS N hY (%5, 2012),
WG S T — A =y MEBRKT L DBEIC D
VT OMERITFAEL 2o\,

Grant (1997) 13, EIREM RO ML ERAHE I3 W
HAHESIEI RN 2o, +a BRI 2L 21—
A=y P EBRT DI EDNTEL W EBRTN
b, Z)THDubiE, FEHDOLIICELLLED
R ER S L WEIEEwE ST 5 n— A
<y ) LRI NGV, HDEWIIERE N
728 LTH BRI R TE S, KBED)
AL TL ) WReErBR&I N5,

o— A=y MTIE S &R § 7% E & TR,
= A NI Ao TE BFEEE 2 6o ), RFE
T LD DL EHEZLNTEBY, 2z &iFfil-
ter bed hF & LN T2 (Poppi et al., 2001;
Zebeli et al., 2012), RG> 2T 22 RAL T
WD R REBI T, IREETR 2 ST B R
it 2 BRS¢ 5 2 LRSI LT 5, 2,
MR JBIck 515 2 & THHEEICEA BT
Ak BN— 2=y 2L, filter bed Zh#:
WET 230 TH S (Robinson, 1989; Nocek,
1992), Z OFEHHIE LI UL, MR L D L 5uiciE
2R 2 K853 5 &, filter bed RIEAFHE 1), BIE
AR )L— 2 > NFRERE ] (MRT) (384T 2
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Xt b,

b MEZRIEY 2 HIY T, ARE T3k
(8C) & A akhizH (GH) # Ikl LT, O%
DG HE R EZ 12 EDN— X<y MEKRB &
UIHMEEI~ 0528, @AMk (SC+GH) & K&
FE~~AF7Ew a2y (SFC) D#HNEFHIN— X >~
< b INAD SFC ik LY A A DRI 13T 5%
2 HIZDOWTHRIVA Y A FEIEWELE % B v
TR L 72,

4.2.2. MFtE A&

4.2.2.1. #tE

P e B B R CRIFE S N T B )L— X >
H=a—LEEEFE LRIV Y A TEIEWMFLL 3 8
72 CEYMRE 634.8 kg) . MIEEERIEIZRER 1 &
EIRETH - 72,

4.2.2.2. HER

BEREPEHT A AR (GH), KEEENR Pk,
SC), HEEA F7Ew a3 (SFC) 2 L 72 (F
4-2-1), SC N T DEE A —H—0 5 AF L 72,

GH (2 B (2 2 — BEstkalath) 2 Hw T
REVME 10mm NE X UKL THE L 72,
B SC DG 5B 2 a7 2 w2 5, SC & GH
DU L-EIE % 351 65(SC35) I L72b D& 65
35 (SC65) Iz L7zy DIz blTiz,

SC & GH % &Rkt & L THRED 1.25% % 8
L 17THo 2 M) THRBE L, 251
SFC % SC35 I (3 ARkl 0 4G G-l HT (SC35Bef)
GG 1 MER#E (SC35Aft) 12, SC65 123 L < #
5.1 K§[1#% (SC6HATft) I 5-2 72, Z1iE, NW— A
< b SFC LY IABRR % SC 8 5- JEE o) i

Table 4-2-1 Chemical composition of forage, sake
cake and steamed flaked corn

Grass Sake Steamed
Hay cake  flaked corn
Chemical, % DM
Cp 11.1 56.5 9.5
NDF 68.5 38.9 15.5
ADF 38.3 21.6 4.5
NFC 10.1 22.7 72.3
TDN! 67.6 78.3 79.9

DM: dry matter; CP: crude protein; NDF: neutral detergent
fiber; NFC: non-fiber carbohydrates; TDN: total digestible
nutrients.

! TDN was analyzed by the Agricultural Product Chemical
Research Laboratory in the Tokachi Federation of Agricul-
tural Cooperatives using estimated equations of NRC (2001).

W L HES T B 728 & (SC35Aft vs. SC65ATt),
SFC & BEEFRL D ENEF O E W 2 HET T 5 729
TH -7z (SC35Aft vs. SC35Bef), L72h"» T, &K
B TIE SC35ALE AR, Z DAl 2 ALBH 55 R X
LWIRETH -T2,

SFCix 1 H 1 [§4 T 1kg # SC35Bef 1213 7
BF 45 4712, SC65Aft & SC35Aft (21 9 KRG L
72o BEBEIZOWTIZ THHCKRE L, HIZ1H50g
% JEREATRHG S ICIR ) 2 #E 5L, kI3 B BB
L L7z, 3 4-2-2 1T SO GRS
Em, M5 EB X UREREAZIBEL 2,

4.2.2.3. RBREFTB L Ofa2E R

ABRIE T 17 HED (PR 10 H R, AEUBR 7
HIE) D3 X3 7T LD EfiL 72, &
wIIARRB I NEL, Lv— X NE A
Ao 1 ~2 HE, A - KBITHHI3 3 ~4 H
H, »— x> NEWeasRits5~7HHICBZ

Table 4-2-2 Ingredients and chemical composition of the diets

SC35Aft! SC35Bef> SC65Aft?

Ingredients, %
Grass hay
Sake cake (SC)
Steamed flaked corn

Chemical composition, % DM

Cp

NDF
ADF
NFC
TDN

59.8 59.8 31.8
31.6 31.6 59.9

8.6 8.6 8.3
254 254 37.7
54.3 54.3 46.3
29.9 29.9 254
19.8 19.8 23.2
73.3 73.3 76.2

! Control diet: Feeding ratio of SC to GH was 35: 65, and SFC was fed at 1 h

after both GH and SC.

2 Feeding ratio of sake cake (SC) to grass hay (GH) was 35: 65, and steamed
flaked corn (SFC) was fed immediately before both GH and SC.
3 Feeding ratio of SC to GH was 65: 35, and SFC was fed at 1 h after both GH

and SC.



FUEIC B B L— A v =y FEEDER L BIK 41

o1,

4.2.2.4. MEHEEB L O > 7 VEREL

PRfm, WRETHEB L O RAEEOWE Tz
WTIZRER 1 L FEETH - 72,

N— A NEYORE ZWEL, V— A=y b
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720 EAMEHUHIE & R L— 2 > % 5 BRI L
720 N— A DOTRIGEB X % DU 3R
1 & AEDFHETIT- 72,

— A Y NEMD 7 — N4 X, BRI R A
B L USFC D)v— 2 > WAFAEFAL 7 FHl3 5 726
12, AR5 HE, 6 HHIZNWV— 2> NEWDSE:
IR EAT % - 72, FRBUREANE 4500 0 SBEf RS 5
EHT (SC35Bef T3 SFC #5-1EHT) @ 88 (0 h)
& IBREPRL O ARG S 2 BERI ) 108 (2h) & L
72o F 72, SC35Aft & SC35Bef ? SFC ¥ 5-HeH™
O TH->72DT, 2h DIL— 2 > NEWE =
13 SFC#5- 1 Reffl#2ic3% 24 L 72, SC35Bef Tl
SFC #5-W55)75 T W 45 55 TH - 72D T, SFC #5-
1R DO NV— 2 > NEW % 19 5 72912 SC35Bef
IZOWTHATHHD 8 45 57 b WEM # &4
FRELL 72,

JL— A > NEW AR IREUC 55T - T, SFC ik
DI— 2 > NEALE 2 WET 5 721 NEFH DY
EZER (v ME) 2FT, BEEEH ke M E)
By 7TTARy FERIL 72, FOBICENEDE
B, H—I27% 5 koL 2gicEyr> 7
NERELL 72, SFC D v— A > WNEELERR % J945 4
L7z, K72 L BB 571,18
mm Ll EOERICEE L 72 K odhhr b e
v b EFVRIRCSFC %335 L 72, 0.60 mm L
TOfICER L 72/MiE A o SFC 122G T
HotzZ Lo LD SR L 72, v— X N
WOFI B L RS TEE QEEE) 2B
T2 2 OMDOFTHEIZ O TR GRUBR3) L
L7z,

TR H (10 H H), JSBERRL O - RG5-H11C
ikt )— 2 > W MRT 2MET 57212, ATJH
JoFH CRERK L 72 GH, SC b & U8 2 #ifH o SFC =—
H—HEHPEH 72, SFClcoWwTlE— A=y b
AN AL EFHNT 27201 00 5EREE 2
~—7— (JESFC) tN—A>h=a2—LRAHNL

TN— R =y PNNEERAT>—7— (L—
A FEASFC) o 2 Ml % HE L 72, BEdiC W7
i LFHIE# 12 GH »°La, SC A% Yb, $EHSFC »°
Sm, V— A A SFC %Dy Th-72, GH & SC
~—7—I3 7 B 454712, W SFC~—7—13
SC35Bef Tl 7 K 45 4112, SC35Aft & SC65Aft T
12 9 BRI R W72, )L— 2 > Jfi A SFC ~— 74—
13, fEELSFC =—#—E REHIc v — 2> =y k
FZREOETFICHSIATL L 5 Ic#E L 72, BRI,
H=a2—L LD EDDRADONFERY) L, T
X722k — A — AL, FOHBE)HL
THREWTHE L7z, 72, L—X A SFC =—
=2 DOnTlL, HIEE T2 REBICHD I 572
DIz, WEERICESHETHLPE, BBICEL 2,

4.2.2.5. AL AT B L ORNT T ik

iRl B L OL— A INEMO ST RER 1 & FAE
Thsd, fitFEuH~—7—OFME L UOnRikE
D5, MRT BT IOV TZRER 2 & Ak
E L7, WRBUTR G- Ho 8k L LT 6, 10,
14, 18, 22, 26, 30, 36, 42, 48, 60, 72, 84 3 X
U 96 BERIBRICAT - 72, Lb— X V2 R0t 7> €
=THEERBEEB L VFAREN 2B 2% -
720 ANTITERIR B 2 EABETH - 72,

4.2.2.6. HFHoes

FEEHLILIC 13 JMP7.0.2 (SAS, 2007) % w7z,
ARBEClE STEOMER % 31T 7225, SC35Aft % X}
X & L CTiky, Bk & SFC DG & v—
A=y bAD SFCHUY AA & DB 2 AET 5
72812 SC35Bef # #%lF, SC & GH D #5- R &
— R 22y b DOEERSCEEBEDE W & DBAR % FFl
9 57212 SC65ATft #iklT 72, L7zH - T, SFC &
IEBESIRL D AR GNEFE R S % SC35Aft & SC35Bef &
DT, SC & GH D5 HEs) i} % SC35ALt &
SC65Aft & DR T, TN FNHKT 521
SC35Aft # XX & L T Dunnett ? % & I
(Dunnett, 1955) % SEHi L 72, Al —ALEL P HIEH SFC
2= — & N— X §fi A SFC<=—7—? MRT %
W 572002, MIGDd 5 t ez EHfiL 72, P<
0.06 THEZDY, P<0.10 THHmB" & L7,

4.2.3. #ER

4.2.3.1. FAEB X ONHEESE)

PR RO R E R 4-2-312F D72,
DMI |2 WWEERS TF23 % A - 72 4%, NDFI 13 SC65Aft
7% SC35Aft £ D L HEEICHLh - 72 (P<0.05), ¥
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Table 4-2-3 Intake and chewing activity in cows

P-value

SC35Aft SC35Bef SC65Aft SE  SC35Aftvs. SC35Aft vs.

SC35Bef SCE5Aft

Intake
DMI, kg/day 9.54
NDFI, kg/day 5.29
Chewing activity
Eating time, min/day 120.9
No. of meal, /day 4.33
Duration of meal, min 34.0
Rumination time, min/day 305.2
No. of rumination period, /day 12.5
Duration of rumination period, min 25.5
Total chewing time, min/day 426.1
Total chewing time/DMI, min/kg 44.4

Total chewing time/NDFI, min/kg 80.1

9.54 9.56  0.31 NS NS
5.31 466  0.15 NS 0.04
113.5 103.6 308 NS NS
5.17 5.67 139 NS NS
27.3 22.1 2.5 NS 0.0502
321.7 2773 301 NS NS
12.0 10.3 0.5 NS 0.0502
25.7 26.9 24 NS NS
435.2 381.0 409 NS NS
45.7 39.9 4.0 NS NS
82.0 81.9 7.4 NS NS

SC35Aft, SC35Bef, and SC65Aft are defined in Table 4-2-2.

SE: Standard error

PRARH B L ORI e BRI 2203 e A o 72
PRAEIRR R[] 12 SC35Aft £ 1) & SCE5ALt TH\»
B & - 72 (P<0.10), #BCEIRER & 583 st
RIS (ZALBRR] TR A 5 N 2> - 72, SCE5ATLt D
B35 3 B B % 13 SC35Aft & Ho~ A 7 v i) 12
72 (P<0.10), #IHMERER, DMI 5 £ " NDFI
& 72 1) DRI IGIE ] 13 SR THEI e o 72,

4.2.3.2. V= A>HAEMB IO NL—22 =y |
(BN

Jo— A NEOWERIERIC DWW T &K 4-2-4 1
A~ L7z, DM B L " NDF # = 12 SR T2 %
o7z K51 B ) SCE5ATt O kil kP A 1%
SC35Aft & kN THBEICE -7 (P<0.05),
SC35Aft & SC35Bef Tld#a45- 2 Wy flfk TR
EADBI L, N & WS I AR A L
7275, SC65Aft TIEMEGHDEEIZ/NNE o7z,
N— A NEY, V—Ar=y FBLUOIEyY ME
D q. BB L CEEIZNE TR e - 72,

4=2-1 12N — A > NEIB LU — 2=y
F Do, BEBLIUOESIZOWTRL &,
SC35Aft & SC35Bef D IL— £ > =y MG 1EE
{75 TWLEBNC & - 7297, SC65Aft TIZABIH
HigicwAb L 72 (X 4-2-1a) . L — 2 > NEHOBE
SUFMERRTHEAETH D, BHRE ), REERE
& X HITHERIZEL -T2 (K 4-2-1b),
N— R =y F DRI, SC35Aft & SC35Bef T
RN — A NEW & RO % R L 7225,
SC65Aft TlIAG- 2 Kefiltklc —HA L, £k
3 %R L7z (K 4-2-1b), L— A=y b D
JE& L — 2 NEWDORE D IiE, SC35Aft &

SC35Bef Tl i) —E T 50~70% D [H THER L
72Dlzxt L, SCe5Aft Tl 40~809% & EHDIEAH K
Ehrotz (K4-2-1c),

4.2.3.3. )v— 2 > NEE T 02EE)

SFC fil#A (>1.18 mm) DIL— 4 > WNHAEALE
BLEUOL—AHMRTIZOWTHEKLA2-5ICRL
72, WHERITIE, £ TOMELIZ BV TRINEY,
==y bBIUELY PEOWTIUZBWT
L SFCHIRIAIZ S bT o L2HLEL ko 72,
G 1RGO — X gD~y FEICIE 3
B bizsl &l 2 AR SFC R A 5 1L
ZICEERL VD, L— 2 HEWORE P23
19~28% & \» 5 KD SFC ik 2 fFEAE L 72, &
S EAOBNEYH SFC ikt B 7 — 9 4 X3,
SC35Aft & T SC65Aft TEZ WM Z R L 725°
(P<0.10), ZWBLE L HxTEIZL LD -T2, —H,
5 1 Rt Tl iy £ < o SFC Pk v o5 v —
AYWIZT—=NENTED, KR SCE5ATt T T
Holz,

N—A Y HNMRTIZ&E>—0—& L ICMBIC &
LEND B LN -T2, Fz, [A—ALEN T
SFCw—#—& )L— 2 » Wil ASFC~v—#—D
MRT %l L T, &k IcAEETRED S
ﬂﬁ’f)‘o 72

4.2.3.4. v— X 3R

J— A D FEEEIRIC DWW TR 4-2-6 1R L,
— A pH & HWH#ER % X 4-2-2 177 L 72, pH
B VFADOHEBIZIZMHIC & 2237005
720 T E=THREREEIZ SFC oBEIHF (P<
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Table 4-2-4 Rumen digesta characteristics in cows

Effects, P
SC35Aft SC35Bef SC65Aft SE SC35Aftvs. SC35Aft vs.
SC35Bef SC65Aft
DM weight, kg
Oh! 5.65 5.50 7.01 0.87 NS NS
2h! 9.80 9.64 10.72 0.96 NS NS
NDF weight, kg
Oh 3.59 3.38 5.04 0.68 NS NS
2h 5.82 6.00 6.65 0.65 NS NS
Particle size distribution, % of total digesta DM
Oh
Large particles 315 32.1 51 31 NS 0.04
(> 1.18mm) : ’ ’ ’ ’
Small particles
(> 0.047mm) 30.4 30.0 28.1 2.5 NS NS
Soluble fraction
(< 0.047mm) 38.1 37.9 26.8 4.5 NS NS
2h
Large particles 49.0 45.7 48.1 2.9 NS NS
Small particles 22.1 234 22.8 2.1 NS NS
Soluble fraction 28.9 30.9 29.1 2.3 NS NS
Penetration resistance test
Total rumen digesta
qe value?, N/cm? 8.41 8.58 855  0.94 NS NS
Depth, cm 58.3 60.9 57.1 1.8 NS NS
Ruminal mat?
q. value, N/cm? 10.3 10.9 11.0 1.31 NS NS
Thickness, cm 35.2 32.5 33.1 2.2 NS NS
Non-mat material*
qe value, N/cm? 6.49 6.30 7.01 095 NS NS
Depth, cm 23.2 28.4 24.0 3.4 NS NS

! Hours after feeding.

2q. = F/A,, q.: Cone penetration resistance, F.: The force acting on the cone, A.: The projected area of the cone.
3 Values are the means in the upper part of the intersecting point between two regression lines for the relationship between

the PRV and depth of the rumen digesta.

*Values are the means in the bottom part of the intersecting point between two regression lines for the relationship between

PRV and depth of the rumen digesta.

SC35Aft, SC35Bef, and SC65Aft are defined in Table 4-2-2.

SE: Standard error

0.05), SC D#5-ka (P<0.001) 12 Z N ZFNATE
FEDFRD b AL, WL D SC35ATt AR & % -
72o N— A pH IZEIRHES12 & L e WABICET
L, 165 2 Ref I A 2 Godk L 72 (K1 4-2-2) 6
SC65Aft D4 J5 (17 #) o pH 13 SC35Aft L 1) L4
FITAED - 7257 (P<0.05), % LIS C 2
AN -T2,

4.2.4. £z

4.2.4.1. SCEGH MG HE L L—2 v =y
I Mk D B AR

AR TIE, SC % JEMLEARHHEIR & L CTHwW2

A5, HWNF SCHGHHEEEDDL ENL—R =y |

IFIEHR S e, RSNz & L TH kS ZIRRE

ThbHH ML, L L, SCy~L% 65%%T

HTH SC35 filkl &t v r—x =y T
WA NIz, BRHEEICE AT KER T IZ L — A=y
F ORI E D S EFEZ 5TV 5 (Van Soest,
1994), SC65Aft TIZWE MGG w7 - 1205,
JL— X > WD NDF 7"— v A XXkl i El4013
SC35Aft & NTIT L Zch » 72, 2 DJRIKIZAH
THDH, —DIIFTEHOTENT IV 3 — )LIRESRHE
3 5 EXE BT HEE, H B\ SCESATt 1Tk
WTN— AV NT v BT IRENEr -T2 &
7Y, MEHE RN O TEMEIC R L I Ao 5B K
IZLZ2WREMEDS D 200 L Lt v, Wi iLicH &,
SC65Aft 12 3 W THEHEE S KR D 7 — )4 A
P Lo 722 Eh5, N— X<y b ORRL
Wrtro 2BKTH B EHENT 2,

—HT, — A=y RO HAZE DR IE
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Figure 4-2-1 Diurnal variation of ruminal mat (RM)
consistency, depth of total rumen diges-
ta (TRD) and thickness of RM, and
percentage of the thickness of RM to
the depth of TRD in cows. ¥ The value
at second 8 h is the same as that at first
8 h. q.: Cone penetration resistance.
SC35Aft, SC35Bef and SC65Aft are
defined in Table 4-2-2. |: Time of
feeding.

A, B: P <0.10; a, bh: P <0.05

SC35Aft & SC65Aft Tl B -7z, = v b DEX
EIEXF, SC35Aft TIRERHE G2 & b % - T LA
L7z, XHRAYIZ, SCE5Aft T — X > NEWD
WEPHGRBICHT &, v— =y MIWC LD,
WX L7z, #Nw 2, SCE5ATt DIRNEMIC
Ny rn—2r=y PESOFEIHEGRTO 80%
BG4 2 R T 40961 BT L 72, WTREME X L
TWEHIDA T 2 WRICET LT VIR A BIR L T
feop b Ltz (K 4-2-3), kIhS L — 2 > i
THWML, — 2 > NEWERDHRGEE 2 4 L 720k
2% 0, =y ARG L 22 RS D B

Jb— 2 >IN NDF 7 — L 4 2Rk il B &l A1
PR CED T o 22 b b b T, KA
13 SC65Aft TA LK e AEMERL 72, M2 T,
N— 2> pH 4 SC65Aft I3 SC3HAft & I~ T
B S EAE L 72y W— A=y P OBREDES %
H¥)TAHA S LB T 20 - 7205, HNOZLE)
TH % & SC6HASft 13 SCHAft £ N D KkECAEH
L, b—2>v=y b OBWIRIELS BRI L 72
ol EHMTE B, — B REIEEZ L — 2 >
<y P OBRIREEREWL D EEZ LN TV
(Zebeli et al., 2007), SC65Aft DIL— X > =2 [T
R 72D HNO— O AICRES L, BE)
FHRME L e 5722 £ 2 6, SCE5Aft D )L— 2
vy MIEREE O KSR THE S I RIb T 2 MY
AL TR LR ENSE, Wit 5 L,
SC65Aft DI)v— 2 = b F SC35ALt & T
BEFBRETLYHMEICEZ L2 8 b RTIL S,
ZDZ D, FEFRIYIZ SCEOAft IZBITHNL— AN
DG pH M 2 A 72 —HTH B0 L L%,

4.2.4.2. W—x =y b~ SFC il ¥ 5
A A

MNAEWIC 5 5 1.18 mm Lk o> SFC ik
DENEIIIEGER TlZ 4 TOMIIZ B W TH% L »
FAEL Zedr - 72, SFC#85- 1 Kl TlE, Z0%El4
I3EINL 7255, R0 SFC ki3 v— 2 >~ KB
IZA Tz, FEBE, WBRERNETL— 2 5 TER
WEM % &Vl L Tw 5Bz, WIRCl3 SFC fid
B ZRIZEAEBRTCEL -7, 1.18mm BT
SFC /MR HIV— 2 > =y F NERICH) A 1
T2 et H 5 28, #8551 K& k=0 SFC
R SV — 2V EEEIRIC A TLE > T2 &
I3FEETH S, Tubb, BRI L7z SFC I3 — 2
ey MTIIEAEIRNIAEFN Lo T2, —HIT
W IAENz e LTLFOBRESCHITN— X > HEE
EICIWA TLE ) Z EpTRE N2, T, &
BEf KL & SFC o #4 5B F @ 3% v (SC35Bef vs.
SC35Aft) X, SC* GH D # 5 l&HE n #E »
(SC35Aft vs. SC65ATft) 12k » TEASNS Z &1
é(‘?b‘o 72,

INFET, BwL—xr=y b 2L CREMHE
Bz PRI IAZR S 2002, Mk F RE
faktk D HBICHET A RSN TE L, L
2L, — A VRIS ESS A TL  » 72 SFC
fildel s ST % &, SC35Bef & & 5 12 iIE R
D LEICHERZGST 52 LT LLAMT
37 WZ EREE Nz,
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Table 4-2-5 Location just before (Oh) or 1 h after feeding in the rumen of steamed flaked corn (SFC) particles
(>1.18mm) and ruminal mean retention time (MRT) of feed particles in cows

P-value
SC35Aft SC35Bef SC66Aft SE  SC35Aftvs. SC35Aft vs.
SC35Bef SC65Aft
DM percentage of SFC particles at 0h', %
in total digesta 0.31 0.46 0.89 0.15 NS 0.06
in ruminal mat 0.44 0.39 0.66 0.22 NS NS
in non-mat material 1.61 0.39 0.50 0.57 NS NS
DM percentage of SFC particles at 1h?!, %
in total digesta 4.98 4.14 6.94 1.11 NS NS
in ruminal mat 2.88 3.40 1.66 0.60 NS NS
in non-mat material 28.4 20.7 18.8 7.7 NS NS
The amount of SFC particles (>1.18mm)
in the rumen, g DM
Oh 20.4 24.5 65.5 13.4 NS 0.09
1h 483.1 495.6 7409  132.0 NS NS
MRT of particles, hour
Grass hay 32.5 35.8 35.1 3.0 NS NS
Sake cake 26.3 29.4 28.0 2.8 NS NS
SFC ingested 28.9 32.7 31.3 35 NS NS
SFC inserted into rumen 29.4 35.0 35.9 4.7 NS NS

! Hours after feeding SFC.
SC35Aft, SC35Bef, and SC65Aft are defined in Table 4-2-2.
SE: Standard error; DM: Dry matter.

Table 4-2-6 Ruminal pH, VFA, and NH;-N for each diet in dry cows

Effects, P
SC35Aft SC35Bef SC6bAft SE SC35Aftvs. SC35Aft vs.
SC35Bef SC65Aft

pH 7.12 6.72 6.80 0.14 NS NS
VFA

Total, mM 92.6 105.8 92.1 5.4 NS NS

Acetate (A), mM 56.9 68.3 51.3 5.7 NS NS

Propionate (P), mM 17.2 18.2 17.1 1.5 NS NS

Butyrate, mM 10.4 10.5 11.7 1.1 NS NS

A:P 3.43 3.94 3.13 0.42 NS NS
NH;-N, mg/dL 11.6 17.7 25.0 1.3 0.03 0.001

SC35Aft, SC35Bef, and SC65Aft are defined in Table 4-2-2.

SE: Standard error

SFC il D KA=D7 #5540 0 3R F i Hh 2
N— A JEFETBICILA TL Z o 72 & v ) FHIL, ¢
Kk < BB L T 72 Milter bed effect” Biliw (Faich-
ney, 1980; Kennedy and Murphy, 1988; Bernard et
al., 2000; Zebeli et al., 2012) I25EM % 23 55558
Lo, AEERD S I— 2 > W B BARKYIC 4
A= L THBE, HERS T 72 SFC Al
PEAREVERDHDNL— A=y FANEATE
FIoF L ERITENTL F— 2 IR A
TLE-7, v X rHEM S D,

Ewing et al. (1986) (ZMME I LT W74k b
TERALVEN—RA = a—L bR LzES
By A Y FEEIER P ICIRA TL F W, £

UV — 2 o geific R E N2, KHIcLk->T
HEXRINLZZEE Do EHEL T3,
Welch (1982) 138l 2 7°F A F w» 7 & — A V&
WicG L2 b, 77 2F v 7HiEbTH 18~
B FFICIFEE - FEHOABEL LTk
PHERRL T2, 2 e s, L— AV EHICIRA T
L & o 72/ 2R 12 B BE T4l AU R
PN — A2 bHLTLE ) &HEME NG, &
%, Rémond ef al. (2004) 12k 2 &, P7ER I
BEDRIEDTES & v— 2 2 b 5 R F £ TH
HAWFICHE T 2EA&DBMT 2 2 LRI T
Wb,

o5 L7z SFCe—h—dL—A =y T
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Figure 4-2-2 Diurnal variation of ruminal pH in dry
cows. ¥ The value at second 8 h is the
same as that at first 8 h. SC35Aft,
SC35Bef and SC65Aft are defined in
Table 4-2-2. | : Time of feeding.

a, b: P <0.05

Figure 4-2-3 The appearance of sake cake (A) and
the rumen fluid of SC35 diet and SC65
diet (B). The left bottle is SC35 diet,
and the right bottle is SC65 diet in the
picture (B).

DA FE T, BRIz — 2V EEIC A TL %
I 5L, FONL—AHNMRTIZL—A =y k
AL SFC=——DMRT &) %< %5

ETML72, LoL, AEER>»HI3ZD &9 e
FALNT, L—xX =y b ADOEIRTELY) ALK
R & MRT OPBIRIZAHEE L £ F TH - 72,

J— X > ffi A SFC =—7—3 # 5 712 Hl { #
&, WMBICRT Z & T, HI§ %21 72388 SFC <—
B — DRI DT 5 TR%E L2dS, L—2A 2 HND
T EBICINE 22 20— — L 3R
o Tl b LIt v, KEESAG 0] A M)
D EmDHIN— A i A SFC ~w—7— & $E I SFC
= —TIEBRZLZ->Twikri LN b6ThH
b, TNHDHHD S5, SFC=—4—MRT DiER
DFFFIZ DWW TS RN 238 2 WD H B, F 72,
AR 3HEDIAF CTHFI L2 HBHDT,
=R =y b ADORMIER T DI JA A & v— A
> P b DB D BIFRIC DWW TIZBAR 2 B L 72
LT 5L 2 BEPUETH S,

GH & SC 7 & 7¢ % BBEfR & SFC O # 5-E 7
13, SFC il D — 2 v b ~DI D A HT
L TR EFIE L e 72, Lar L, HERHTRE
fipkt & 0 D REM 2 HNT TS LA 2o ic i T A
~NOMEERINEIZ % < % 5 (Balch, 1958), Z 1L,
MER 2 RESR L) QIR ET 2T, RE
BRIEIR I & > T— X Y WITIHRAT B IR A% <
HhHIZEEERL WS, FRAPIZL— A AICK
BOMEE S TRAT 5 &, BEEA»RLE 1, 0
ICTERE 1 5 RSB fF ) pH ORIE T %
TR 2R H D 2 LRI N TS (Yang
and Beauchemin, 2007a) .

Ak SFC 5 RIZbTH 1kg TH-72DT
SC35Bef & SC35Aft T/L— x> pHICZEIZ A 5 1L
o 72t KREOBRIEER % BOKS 5 mILd T
Hiug, MR L) LRICEERR BT L
TN— A v OREFEBAED H 70 b L 5 W HEME 25 i
WV, T2 & ZINV— Xy FADRIEERTY A AR
RNTEA I N LT WELTYH, — X B
DETEALE V) BLED 5T 5 &, SrHER SRR
RAFEBSGIC B W CRRESEL L) L ek 2
MBS T BRI TE LW EFEZ B,

4.2.4.3. Fr®

mY N BEERIENTH B SCE LML T
=R =2y POTEREINS Z & IARRERR D 5
Mooz, —HT, @ TOMIIZE W TIER
B4 D SFC ikl s )v— £ > JEEELTRIC LA TV iz
Z &b, KRS RIEERI OGN H 5 I3
PRl & BIpE DA G- R D &, RIEERL D L —
A=y FADOEY A DRSS b h -
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2o TDZ EDL, PEREEE X LT X 72 Milter bed”
BRI FHM LT E 2 W REME AR E 7z,

4.3. JEMESBAMEMER S & UHHEHERN L — X
Py MERICRIZTEE (KB&5)

4.3.1. BW

E— F 2OV 7R R E RO RIEWIZ BN
MEgmoyE C, WkMEDZT B Wz oIk & LT3k
N7 AHEIR & 70 5 (Hsu et al, 1987) —H T, =
D & 5 T IR ARSI R e B &R Tt
Mo (RPN EDZ DT, AR KLBREOIL
W A% & Z AU AT 2 MR O 53 W 5 L,
N— 2> pH i 2 BEREL B E 5 L TFRIS L
% (Voelker and Allen, 2003a,c). X 512, TNk

9 HHETIIN— A NIZ BT 5=y FEERD S
ZEEHFTCE LW EFEZ 5T/ (Eastridge et
al., 2009),

BIPEMH R D AL R HE IS = o & 5 iR g
S DR 72 DML & M AA LY THRE L < T
3 b, L L, fASbE MR L - T
IFFUFDN— X VBB R WIEICRD 2 & DS IS 7
LReEDH b, Weidner and Grant (1994) |
JER A RHIMETR & L CRE % S L 2B, Hla
AbE T a— A L—C+T LT 7L
TrHA V=2 6TIVT VT P HEICERL 72
EZHN— A pH B L UEERE - 7'm A B IDY
EDICEALZZZEZEL T b, L— X 3R
ZHEIEICIR D, SARA 2 TFBiT 5 & v o) Blud s,
AR AR & OFAES 2 MBI RI DM A A bE &
N—x =y P DEERNOBMRIZIEETH S5, L
L, ZN5DMALEDbE L=y FEROBMEIZD
WTIEEINFE TR EA LR EINTZ o7,

Z 2 CARBE TR, JEHERHHER & L TE— b
PNNVT R, A b BHMER S LT AR
TNT 7T PRI LA AR A w2, T
T 7IVT 7R & A ABRLR T AHE O PRk <4
TREED e % 726 (Gill et al., 1988; Grenet, 1989;
Ueda et al., 2001), BRI EHIRSN— 2> = b
ERAEIC 2D H b EMESINE L TH S, VLD
ML %03,_ﬂamﬂﬂmﬁAAb%t#5m

BrEZCHAFICEG 225D, v— A=y ME
PR IEEENC BT T B DWW TR T 52 L 2
Hrg & L7z,

4.3.2. Mt HE
4.3.2.1. #tEhd
B2 A B B CRAE X LT\ B L £ >

Homa— L BRE L RN YA REIEWIL 4 8
72 CFYKE 638.5 kg) , FIFEERBEIZAER 1 &
[FEEDRE AR S A XA F— L Th- 72,

4.3.2.2. fReart

BN T V7 7 v 7 7 ELE (AH), A ARz
¥ (GH), £— L7 (BP) w72 (% 4-3-1),
AH & BP oG5 t% 8 1 2 (A8B2) &2 : 8
(A2B8), GH ¥ lilfti2 8 : 2(G8B2) 2 : 8 (G
2B8) & L7z 4% &IT72, cNHnfk+ 1 H
10, 8WCHE- L7z, WHEIZFH L o&klitk T
15~20 cm FZEEICHL S UIWr L CHR G- L 72, BRfAlic D
TIZEEA 70 30 o ic B L 720 46 5- 213 A AR A58
FEE (1999 4F 1) 12 22 & TDN FERED 100% 12 7
559121 H1EHIRES L7z, M3 1 H50g %6
BHZIR D 220 %51, KIFBEHBHEIRE L2,

4.3.2.3. RABEGT B & ORI

AlBRIE 1120 HEW (P00 10 H R, ARGKERY 10
HIE) o 2 BH 2 K#EIZHD 4 X 45T > ik
X DERL 2, 2B, SR AELC L 5 Tk
SR B2, THILIRER Tiibdaaniic 2 HiH
DRATEVRAG G- (AT %30 720 BATHIO M
BHIFCE E BP 0iichiia 5-lba 5 0 5 & L. &b,
PR TS > 7)) > TWEDT 72 T > 35
L7 Nﬁﬁﬁmzlié‘lﬁ%ﬁﬂf“ﬂ% 10 HFIER L 72,
PR E |3 A GBI h iz — A NE A
PR I AR B D 1 ~ 3 El E, PREC - 3ATED
x4 ~6 HH, v»— 2 AEWEERIE 6 HH,
BHHBLIUVIOHHIZBZ k-7,

4.3.2.4. WEEHB LY 7 ILEE
RasE, RETiE X OKEEE0NE TR

Table 4-3-1 Chemical composition of forage and
beet pulp

Alfalfa hay Grass hay Beet pulp

Chemical, % DM

OM 86.8 94.7 93.3
Ccp 19.1 6.2 10.4
NDF 42.3 73.7 45.6
ADF 35.5 46.1 21.9
NFC 23.7 12.9 36.6
TDN! 56.9 54.2 64.4

DM: dry matter; OM: organic matter; CP: crude protein; NDF:

neutral detergent fiber; ADF: acid detergent fiber; NFC: non-

fiber carbohydrates; TDN: total digestible nutrients.

!TDN was analyzed by the Agricultural Product Chemical
Research Laboratory in the Tokachi Federation of Agricul-
tural Cooperatives using estimated equations of NRC (2001).
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Bl EREETH - 72,

N— R NEYPOEREI #WEL, V—A =y b
BT B 72 B AIRPUIE & FEh L 72, B 1
EEBEDTHETH - 7295, WERA X AR 515 B
AL 2, 4, 6, 9, 12, 18 B L U~ 24 Bl
DFF T AT 5 72, e B E AP E W o ikt
MGRERNL, WENEH % ST 2720 4 HOHERS
D9 b 2WEDMEGHA 2 1R TiF72, BAL
HUE & FIERC, L— 2 2 WA 7 [BAT -5 72, b—
A WDOBRED & U ZF DB O RER 1 & [
DFHTIT- 72,

W— X WED 7 — A A X3 L Ok R E
SA6 & RS 2 72 DI BRI EAT - 720 WA
BUIAE5ERT (0h) &, #5-LTo s 2K/ (2h)
BIU 128 (12h) o3& Lz, FAnfiE
% BRE LT, WAYERBG T #4103 24 REF DL 145
WxFHT 72, V— 2 > AEYOIRILE L RS
WEd: QERERE) BT 5 ZofoTHkizow
Tixai~ 8 GRBR3) XRfEE L7,

4.3.2.5. LM & O T i

filRE B L OV— A > N T3 RE 1 & [alRE
Th b, £4-3-2 12K MHED LY E &, w5
B L OHERGEIA & B L 72,

N— A RRIE, T E=TREREEL X
INVFA BEDGT %2 B 2 7 - 72, bl B3 Rk
2 LEEETH - 72,

Table 4-3-2 Ingredients and chemical composition
of four diets'

A8B2 A2B8 G8B2 (G2BS8

Ingredients, %

Alfalfa hay (A) 80.7 21.1 - -

Grass hay (G) — — 80.2 20.3

Beet pulp (B) 19.3 78.9 19.8 79.7
Chemical composition, 9% DM

OM 88.0 91.9 94.4 93.6

CPp 174 12.2 7.0 9.5

NDF 42.9 449 68.1 51.3

ADF 32.9 24.7 41.3 26.8

NFEC 26.2 33.9 17.6 31.8

TDN 73.2 74.5 75.2 74.1

Feeding ratio of alfalfa hay (A) to beet pulp (B) is 8 to 2: A8B2
and 2 to 8: A2B8, and that of grass hay (G) to B is 8 to 2: G8B2
and 2 to 8: G2B8.

4.3.2.6. Mt

METALELZ (X JMPT7 (SAS, 2007) D7 4 v FET
7w —2 e —& iz B & 2 B ERR,
BP L HHEDMGG HEEDE N, MEREDE B LU
iabteEs L iR DR B BEEMR & L 2.
P<0.05 CHEZH, P<0.10 THEmH»HH & L
72,

4.3.3. #ER

4.3.3.1. $RE®|B L OIS

A8B2, A2BS8, G8B2 L 1rG2B8 » DMI i3
8.7,7.5,8.13 X100 7.6kg/d TH ", NDFI i3 4.0,
3.5, 5.9 BLW4.1kg/d Th-72 (F4-3-3), %
PRAKMTAH &Y 3 GH TR kaMHm%ERL

Table 4-3-3 Intake and chewing activity in cows.

Diets! Effects, P
A8B2 A2B8 G8B2 G2B8 SE Hay Hay:BP? g;;,:BXP
Intake
DMI, kg/day 8.68 7.46 8.13 759 0.26 NS 0.02 NS
NDFI, kg/day 3.98 3.54 5.92 412 0.19 0.001 0.001 0.01
Chewing activity
Eating time, min/day 208.3 88.7  286.6 120.0 28.8 0.06 0.001 NS
No. of meal, /day 5.60 3.40 5.30 360 139 NS NS NS
Duration of meal, min 55.6 37.2 76.9 45.0 11.4 NS 0.09 NS
Rumination time, min/day 309.7  197.0  470.5 338.2 351 0.002 0.01 NS
No. of rumination period, /day 13.5 11.5 14.8 12.5 0.6 NS 0.02 NS
Duration of rumination period, min 23.1 17.7 32.1 27.4 2.9 0.011 NS NS
Total chewing time, min/day 518.0  285.7  757.1 458.2  55.3 0.004 0.001 NS
Total chewing time/DMI, min/kg 60.3 38,5 93.4 61.5 8.3 0.010 0.012 NS
Total chewing time/NDFI, min/kg  132.7 81,5 1282 1109 15.0 NS 0.06 NS

! Feeding ratio of alfalfa hay (A) to beet pulp (B) is 8 to 2: A8B2 and 2 to 8: A2B8, and that of grass hay (G) to B is 8 to 2: G8B2

and 2 to 8: G2B8.
2 Feeding ratio of hay to beet pulp (BP).
SE: Standard error
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(P<0.10), B2X &) & B8X TR~z (P<
0.01), FRAMIEIIEFIR TR 2D - 72, FRAHEER
MeRFEIEB2IX LN L BSX TR e b Z xR L
72 (P<0.10). 1 HOMKEERMIZ AH 5 X A
GH#5X L0 %< (P<0.01), B2IX LY 3 B8
XDF - 72 (P<0.01), MEMEKIZB2 XD
FnRB8IX LN L %572 (P<0.05), RS
B GH G X E2 AHBEX LD L E»r -
72 (P <0.05) . #ULIGRE R 35 & 0 DMI & 72 ) O#SHHL
IEEE I AH (GO B> GH MG X LD &<
%N (P<0.01), B2IXE D 3 BESRDOLE R - 72

(FNFNP<0.01B L rP<0.05), F 72 NDFI
Hiz ) OKIHEEIZB2 X L) L BSXAHE L 7%
AR L7 (P<0.10),

4.3.3.2. V= XAEWB L O N—2 =y b
PR

N— A > NEB L UFRE 77— 4 2, B X

U B AHEH AR RIC DO WTER L34 IR L 72,

L—2A>NDM®IZ0h, 2hB LU 12hicBWT

GH#E5XDF» AHMEX LD HE£< %) (0h,

12h: P<0.01, 2h: P<0.10), B2 X &1~ TB

Table 4-3-4 Rumen digesta characteristics in cows.

Diets! Effects, P
ASB2 A2B8 G8B2 G2B8 SE Hay Hay:BP? }II{:;’:BXP
DM weight, kg
Oh® 4.19 3.00 6.45 443 056 0.001 0.002 NS
2h? 8.65 7.57 10.2 9.21 0.87 0.09 NS NS
12h® 6.82 4.69 9.59 7.31 081 0.005 0.012 NS
NDF weight, kg
Oh 2.70 1.74 4.76 2.78 041 0.001 0.001 0.09
2h 4.93 3.89 7.17 510 045 0.007 0.012 NS
12h 3.89 2.59 7.00 441 057 0.002 0.005 NS
Ruminal particle pool size, kg DM
Oh
Large particles (> 1.18mm) 1.59 1.10 1.95 1.68  0.27 0.0996 NS NS
Small particles (> 0.047mm) 1.64 0.76 2.43 1.26  0.38 0.09 0.02 NS
Soluble fraction (< 0.047mm) 0.96 1.14 2.08 149 0.48 NS NS NS
2h
Large particles 3.88 3.53 4.93 5.06 041 0.03 NS NS
Small particles 2.11 1.18 3.28 1.65 0.37 0.006 0.001 NS
Soluble fraction 2.67 2.87 2.00 2.51  0.40 NS NS NS
12h
Large particles 2.83 2.03 4.21 364 038 0.002 0.06 NS
Small particles 1.98 1.17 3.45 1.83  0.38  0.009 0.005 NS
Soluble fraction 2.00 1.49 1.94 1.84  0.34 NS NS NS
Penetration resistance test
Total rumen digesta
q. value!, N/cm? 11.2 10.6 15.4 10.7 1.3 0.095 0.048 NS
Depth, cm 54.5 50.0 57.6 54.6 1.2 0.007 0.008 NS
Ruminal mat?®
qc value, N/cm? 13.2 11.5 19.1 13.5 1.4 0.03 0.04 NS
Thickness, cm 32.3 25.6 33.2 26.5 2.4 NS 0.012 NS
Non-mat material®
q. value, N/cm? 8.89 9.26 11.8 9.06 1.27 NS NS NS
Depth, cm 22.2 23.3 28.3 27.8 2.7 NS NS NS

! Feeding ratio of alfalfa hay (A) to beet pulp (B) is 8 to 2: A8B2 and 2 to 8: A2B8, and that of grass hay (G) to B is 8 to 2: G8B2

and 2 to 8: G2B8.
2 Feeding ratio of hay to beet pulp (BP).
3 Hours after feeding.

*q. = F/A., qc: Cone penetration resistance, F.: The force acting on the cone, A.: The projected area of the cone.
® Values are the means in the area above the point at which the 2 regression lines for the relationship between the PRV and

depth of the rumen digesta intersected.

% Values are the means in the area below the point at which the 2 regression lines for the relationship between the PRV and

depth of the rumen digesta intersected.
SE: Standard error



50 R
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Thickness, cm
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N— X NEWB L ON— 2=y b D q B
BIUOBEZX 4-3-1I2R L7z, L— XV BNEW
Tl q EOIKIEIZG8B2 % I & #4452 B 4412
HH17 (K 4-3-1a), G8B2 ? q. filild 9 KEf#% %
TEAEZRT 2, v— 2 VRNEW OB S 1L AILR
EY RO 2R L 7207, A2B8 TR0 MEI
RO LNz (X 4-3-1b), —A> =y F D q. fE
13 G8B2 #5fliod 3B L V) b #EG- 2 W[ 5 9
REEAZIC 221 Tl 2 R TR B - 7255, 2D
3 12 R TN E K o5 72 (K4-3-1¢)s V—
A=y FDEEZ20cm & 5 50 cm D TEH
H Lz (K 4-3-1d)

4.3.3.3. — X 3R

K 4-3-5 12— X VDRSOV TFE &
72 — A pHIZDOWTIZ HHNHER % X 4-3-2 12
LRz, —x > pHIZ AH LY 4 GH 5T
Wi E s L (P<0.10), B2 X & D 4 B8 X T
i 7e-72 (P<0.05), #® VFARE (P<0.10),
7ot CEREE (P<0.05) B L UEERRE (P<
0.10) i AH 2GH & ) b @M%z R L, BEER R
E (P<0.10) :HEE- 7ob 4Bl (P<0.01)
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Diurnal variation of q. value, depth or thickness of total rumen digesta (a, b)

and ruminal mat (c, d) in cows. ¥ The value of 24 h is applied by that of 0h. q.:
Cone penetration resistance. A8B2, A2B8, G8B2 and G2B8 are defined in Table

4-3-2.



FUEIC B B L— A v =y FEEDER L BIK 51

Table 4-3-5 Ruminal pH, VFA, and NH;-N for each diet in cows.

Diets! Effects, P

A8B2 A2BS G8B2 G2BS SE Hay Hay:BP? gﬁ;gp
pH 683 646 685 678 0.1 009  0.04 NS
VFA
Total, mM 1051 1025 940 920 754 0.06 NS NS
Acetate (A), mM 683 626 632 537 511 NS 0.08 NS
Propionate (P), mM  19.1 233 168 178 1.89 0.048 NS NS
Butyrate, mM 109 939 919 412 184 0.09 NS NS
AP 373 287 384 311 029 NS  0.009 NS
NH,-N, mg/dL 140 559 220 390 136 0.001  0.02 0.004

! Feeding ratio of alfalfa hay (A) to beet pulp (B) is 8 to 2: A8B2 and 2 to 8: A2B8, and that of grass hay (G)

to B is 8 to 2: G8B2 and 2 to 8: G2B8.
2 Feeding ratio of hay to beet pulp (BP).
SE: Standard error

G2B8

0
Oh 2h 4h 6h 9h 12h
Time after feeding

Figure 4-3-2 Diurnal variation of ruminal pH in
cows. ¥ The value of 24 h is applied by
that of Oh. A8B2, A2B8, G8B2 and
G2B8 are defined in Table 4-3-1.
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Figure 4-3-3 Correlation between q. value of

ruminal mat and rumination time in
dairy cows (n = 16).
qe: Cone penetration resistance
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8 NDF & (44.9%) 13 A8B2 (42.9%) &l
TEWEENC B - 7255, A2B8 OGRS, L— 2
Yoy POBRIXRESR, BIUPL— A UFREITINT
LB TR b 1K > 72 2 T, )v— 2 > pH #F
6.0 % T2 EEM L 4 PP A2B8 THE—BIZEE 11
72, — A pH %%6.0 2 0l 3 & e R O3
P & MHEN I ERDET 23 2 6T & v ST H D
(Hoover, 1986), A2B8 TiZ SARA DI&fEh kb
N7z, = ARME I IV— A > N SMREE HIE A D
T (Ueda et al., 2001), IFEMIEDRHIGHENR & tHAA D
BT ARME 21853 2 2D 3HE 05
BEDDLUENH DB EHEZ LD,

—5C, G2B8 TIZHMEIRI D D 20% L 5 %
oz bbb T, L—xXr=y P ORI |IH
R HEE 80% D A8B2 L MR TH » 72, & 51T,
K iEEe DMI & 72 ) O DT H
A RHI RO THPL L 72 %2 7~ L 72, Sudweeks et al.
(1981) I3 roughage value index & \» 9 fiEl D Hy3L
PERHM AL HE 2 5208 L, £ A FBHKEOWIER 7 v
T N7 7ENLENZ EEZRL TS, ZNHD
Ty, HHZBEL—2 =2y FERERT S EW
JHEIZBWT, BPD Ly iz —x NI L#EED
HCRIREY & A A b D HERNE & L T34 28
B FE LW EATRENTZ,

4.3.4.4. FE®

=R =y MEA FRHIR &= AR DO W
MIZBW T LRSS NL2hs, ZFOWERAgEERIT A X
(R EHDRENTZ, = AR (AH) £ 3
A 2BHEE (GH) OF DB )L— 2 > = b DT
SNz, —FH, BPHEHEEEST EL— A=y
MIHERECE D 5 TIRILT 22 L L6 Lo
oo bz &b, BIEME £/6T 28541208,
AFEETHWEZGHD & HICKB %2 FHFRT 5 Ml
DFEAHI 2 B2 HHET B Z D HEF L w2
L7z,

N—R =y LD q i EAT 2 & NBEHEHD
EHAICENT 5 2 EhoRE N, DFD, L—x
oy P OWES B EFFET 5 EHEIGRIC X
DL 572, 2, MR F NIZEL

NIAFNBEZET, L— A=y FDEXphER$
B AJREMEDR & 7z, 7272 L, BP HIR/NMElkR &
B 4 TR L 2Bk /MR & T3z Ehhs R
H LD EHEM R NI,

ARETIEZ 3 OOREZEL T, EREWHHEDIEHM
FRPRHARAE IR 25 L — X > N 0 B g R 12 265 <
< F OWEEL UL DMLY A b Tk v
ZEwALZ, UL, ZD72HICZ A AEME D
Eolen—xr=y P OBIKE 0D EMEZTEE L
9 DAHEIR & MAG DY B MEDH B I L DR
niz,

5. MEEER

N— A FEWEL 2T Lk EYNCORFF L SARA 3
SEZHNIET 2 72O DMFHED T IER SR 28R T 5 =
LT WFLF DO W2 5 (Sudweeks et al.,
1981; Zebeli et al., 2010a), peNDF &g filo
W2 KT CTH Y, FLAOmY) 2K w
PRET BRODAMGE Y —NVTHDEFHEZLNT
W% (Zebeli et al., 2010a) . Z DELEROIRIKIZ 1T,
peNDF # —E# &L /ST iEn— 2=y b
DIEEENDETHDH) &) BENHFLET b, 11
Mz C, =2y MIHFEEEREET 5T
HHIENIHEMDL ZOMHEICIZIETEN TS, L
L, =Xy b EIL— XA NEROHD 55
HEL T2 DBIPER Lo 2 BRI 2 JEIR T
LFHED 5720 T, peNDFI & )v— x> = |}
DIEBCRILRe % DY & S TEE) D BSHIZ DT
IBREEINTZ o iz,

DL ) B b, ARFFRIIRERI) M FE T
o 2FEDIL— A =y b DWELIRRE O
wkEESL L, ChEMETLZ L TIL— A=y
F DIEBE L BERE R S22 L, o L TREOW
Bl & L— 2 =y MEREE DBARR, 2 HICENL
EFFDEREE E OBEIZ DWW TEKRL 72,

5.1. b—X =y b EEENREL

N— A=y ML T, ZhF THENLESR
kAT geld e, EBIBEIN LT EFZD
TAE L BBHBIC D W CRES N T & 7205, AP TIZM
G2 ERE 2T sk I — A=y b
DG % TIETRE S L 72,

Jo— A > AL T LB & IEFEEERIZ M2 5
1IN TEZ DAL L T (D5, BALDETEA W
B, HBRELTICENT I LML LT,
KEFFeTlE, FOBREIN—A2 =y } EIE=y b
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BEXGTEERTHD EEHT LI ET, L— A
>N G R R L 72, ORER, L— 2
=y P DEIIRNEYORI DB L £ 6 %L b
&, FE=y MELID L IS ERERGZ XL D
o7z (F25-1),

N— R =y b EIGES SARA & DB IC
DWTIERFICHh R D HEN OB 2w F FEEE
PEBIC B W TEDLL Tz, Lo L, AWfeT
MESL L 72— 2 > WH AP ESEEZ H w5 &,
N— A=y P DBRILER & v YRR &
FUF D EBROG & oo B % SElE % W OGS 5
CEDREE oo T2, AFHE, V— A NEWD
RS 2 BT 2 FRE L C, BlfED 22
WHLENFETHLEFEZ LN,

5.2. Jb—X 27y + OYIBRIMEIR & € DHERE
N—RA =y PP FEFRT RN REHFL
TWLETHHMIEHLS 25 EINTE 7 (Bell,
1958; Balch and Campling, 1962; Welch and Smith,
1969) . RIS 72 ) Z DHEMDHRES LD Z i
o 72hS, ARBFFED 5 v— 2 =y X SRR
HE2ET LI EIRENTZ. Thbb, L—X =y
OB WG, RBIRER D EMRIICIER T 5 2
EDML o7 GRERS, 4-3-3), —H T,
BRI 600 47/ HEI#:CT7' 7 b —Ic# T 5 2 &
RS INTW S (AR, 1979), L7zh'> T, Bk
5 TRLZEMRERL 7T F—I0#ET 5 2 Tl
2Nz,

N—R =y FPOEZ Iy P OFEFEE KL T
BY, EEPETIZESy P ORBERIEAT S Z

Table 5-1 Summary of the characteristics of ruminal mat and non-mat material.
Ruminal mat Non-mat material Raito of q. Ruminaiton Dietary
. RMSI?, . peNDF
qe value!, Thickness, g value, Depth, value of mat N/cm?-cm Flme, contents,
N/sz cm N/sz cm to non-mat mm/day 9% DM
Lactating cow
Experiment 1
Control 32.4 31.4 23.4 20.5 1.38 1014.7 500.5 21.0
Chop? 29.6 37.0 21.6 17.1 1.37 1093.7 525.7 14.9
Experiment 2
F:C 40:60* 23.8 34.4 184 26.3 1.29 819.8 519.3 18.8
F:C 60:40* 24.0 36.4 19.2 26.6 1.25 874.1 526.0 22.0
Non-lactating cow
Experiment 3
Control 6.76 34.0 3.88 24.6 1.74 229.8 207.7 24.1
RBH® 10.2 33.3 7.13 26.6 1.43 340.0 243.7 18.7
Experiment 4
SC35Aft® 10.3 35.2 6.49 23.2 1.58 361.1 305.2 —
SC35Bef® 10.9 32,5 6.30 28.4 1.73 354.9 321.7 -
SC65Aft® 11.0 33.1 7.01 24.0 1.56 363.4 277.3 -
Experiment 5
A8B27 13.2 32.3 8.89 22.2 1.49 427.3 309.7 —
A2BS” 11.5 25.6 9.26 23.3 1.24 293.2 197.0 -
G8B2” 19.1 33.2 11.8 28.3 1.62 635.2 470.5 —
G2B&’ 13.5 26.5 9.06 27.8 1.48 356.9 338.2 -
Average of each experiments
Lactating cow 274 34.8 20.7 22.6 1.32 950.5 517.9
Non-lactating cow  11.8 31.7 7.76 25.4 1.54 373.5 296.8
Total average 16.6 32.7 11.7 24.5 1.48 551.1 364.8

'qe = F./A,, q.: Cone penetration resistance, F.: The force acting on the cone, A.: The projected area of the cone.
2 RMSI: Ruminal mat stratification index; the product of the consistency (q. value, N/cm?) and the thickness (cm) of the ruminal mat.
3 Chop: the ration prepared by twice-chopping the control TMR using a forage chopper.

* F:C: The ratio between forage: concentrate
°*RBH: TMR containing red bean hulls.

5 SC35Aft: control diet: Feeding ratio of SC to GH was 35: 65, and SFC was fed at 1 h after both GH and SC. SC35Bef: Feeding ratio of
sake cake (SC) to grass hay (GH) was 35: 65, and steamed flaked corn (SFC) was fed immediately before both GH and SC. SC65Aft:
Feeding ratio of SC to GH was 65: 35, and SFC was fed at 1 h after both GH and SC.

" Feeding ratio of alfalfa hay (A) to beet pulp (B) is 8 to 2: A8B2 and 2 to 8: A2B8, and that of grass hay (G) to B is 8 to 2: G8B2 and 2 to

8: G2B8.
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EEREWRT S, KE&ZT=y MI— X iygeihEic
Bil§ 2 MESSEN DSBS S EHEZLN5D
T, V—Ar=y FDOFERLFEHEFHERICH L TED
MEEHETLEEDLNL, B TRy ot
MAMEZIZENETHMINEZ L b, BRI EFER
I3 ZNENHIETIE 2 CHENICERT 5 52,
WHE DR 2 N— 2 > = b BEEILIESE (Ruminal
mat stratification index : RMSI) & %E3%L 72,
o T, Aol — (F&5-1) 25
HoblehTN—A =y DRI FEX B LW
RMSI & BRI D BIGR 2 b L 72, £ DR, 5
S Hh T B & oI BRIEIZEES 57
o7y, BE B LU RMSI & B IEH [ B
HRD LN, BEFHMPMEL LTI ) RO B
B 72D RMSI Th - 72 (X 5-1), RMSI & X%
R oMz Z 2 RO EMTHE X 15 TS 15F 5
N7z, 3% bbb, BE RMSI o EAc L T
BEEM D AER T % A%, RMSI %* 707.8 N/cm?-cm I
ET 5 &, ZNLIEE RMSI 28 £ » T L KRR IZ
BNl Ze w2 X avRE N2, ZoHHiEIC BT 5K
EEMIZ 522.0 40/ HTH D, A (1979) H7EEIE L
72 BB IRE IR O HEBERIPH Y (500~600 27) TH - 72,
ZHUE, = A vy P OBRE LS RN M
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Figure 5-1 Correlation between ruminal mat stratifi-
cation index (RMSI) and rumination time
in dairy cows: Rumination time = 0.67*
RMSI + 45.2, if RMSI < 707.8 N/cm?-
cm, asymptotic plateau of rumination
time = 522.0 min/day; root mean square
error (RMSE) = 8660.6; R? = 0.8469, P <
0.001. Data obtained from all experi-
ments in this research.

RMSI: The product of the consistency (q.
value, N/cm?) and the thickness (cm) of
the ruminal mat.

AT 262 TREPFRL, RKFEEHIZ RMSI 2¢
708 N/cm?.cm i23ET % L I3T EBICET L2 L %
RTLDTH B, 415, KERMEZEIEICIRDOZH
DRBHERS 5K % B3 5 B$IC 13, RMSI %% 708 N/
cm?-cm Pl b &7 3 &) kGt —o 0 HEI2
U EARRIIREL TWw5,

2512, RMSI #H\Ww3 Z & T, BTV IL—
A=y b EEL P VIR | ORI & K
T2 LHEIC B, B2 1E, AER 1 ORI
B X%932.4N/cm? JE&H°31.4cm, HKTXIZI[E
29.6 N/cm? 37.0cm CTHh-72(F5-1), MNEXIT
vy b, MEXIZRS 2 W EADH B
2y P THBIED LD, ZNIETTIIEL LD
I VY EAI Y P THDLOPHMTE Zn
W5, MiED RMSI #8595 &, 22N 1014.7 8B
L 1r1093.7 N/ecm?-cm &% 1), #KIX TMR & J5
&N mE SR EEL V= A=y FTHD
LMW TCESL, ZTDLHICTRMSILIZ, L—X2=y
b & BIEE) E ORRR L — X vy P OB
HKBICFHMECE 2 S CHMGIRETH L L w2 &
Do

RMSI oFHiilc B L THEET~NEmE LT, L—
A eI £ 5 DMI FE 2 7 = XL 05HF b
5, RFFETIE RMSI AT &L Z kick s am
DEIED LN 572, L L, REFTEIZ L —
AYDOFRGIZE->THMT 2 EHE2 50 TEY
(Hidari, 1979 ; %5, 2007), v— X > NEWDIY K
HE & DMI ORI IZIEDEMBEIRY H 5 2 L HR
ENTwa (W, 1996), L7z4°> T, RMSI Dl
HET E B & — 2 > TR D& Ik i A R R
CzZrick ), 202 L RATE) O & DMI
WL ELsTHb LNk, RIFFETHS L
P ClE # DRBRAUIMEGA 5 72 S HIM T 4%, MHEML
BB L ORI TIREZBSVEE L 57259, BN
Ln— A=y b &%, RMSI 2708 N/cm?:cm %
KECHMZ 22D, BB 2HERL 5D
< b BRI - M5 2 & TR BERE
TE % FHike L, DMI % &\ IR CRO Z & 251 hEZe
boThbEEZ LD,

N—R =y b DFEELEREN D ) —DE LT,
AN DA&HELY 12 L B AR RE AL & LR
WhHbEHEZLNTWS (Robinson et al., 1987;
Van Soest, 1994), L2*L, SRE3IcBWTC, E~
AbTEBR DL HICIEDEEWEIR T 13E
RPN— A JEFEC L CTL £ ) 7 — AR
Ense, —HT, TM RB3) LE— b7
(R 5) & v o AHEE 12 8 A 72 RIEWERNE,
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YILL BRI F 5 i Iz b B b 5§ = P AR
IABDREL T B EHEM X L7z, Z Uiz, M
B BEFR O REDENHIPIRL Tz L
N, iRy O RED L — X > NOB)REIC 8 &
BAT§ Z i3k E DI N T35, Bz iEr—
A AATWA L 72T 0 ) BRI 5 B I
12k - CEERICE N IAT NS DY, Bk 256
ZBIGER Dz R _HERICE EF D, MR
M v— 2 > NOMR KM F M T 5 (Kaske  ef
al., 1992),

INEEMNT B2 L ) iIclE (Poppi et al,
2001) & bvEwa s (Ewing ef al.,1986) T
BECRLLN— A AOBEIRESI N TN S,
Wifge s bich=a—v L Teo—A—%)L—2X
EERICEOIAT & o I E L GREENE & B
L7z, /N3 2= 7 22— —3)— X 5EEE
b BIERADBATHEI B2z DI2k L T
(Poppi et al., 2001), 4=hib v Ew a2 (3%5EE
ICBEEERICREL TL v, BUERERICES Z &
Y, MHTHERINLZ &% -7 (Ewing et
al.,1986), =Dk iz, NER L — A= b
WD IAF NI — A2 5 DIB#EDRIET 5 & LT
L, ZIUIERF OIEIVNS W E XICHOARBILT
LELTHY, BHOL ) ICHEIREEAICIE
LCEEL LD Ltk v, Robinson ef al.
(198 IF B FEE L 72— 2 >y M3/ o
W AAEREL, BEFHED LA BIES S &
W72t ZOIGmICER A HEO &I T TN T
Wi o iz, v— A=y b filter bed B 136
el & JRIE AR C— o SO T3 7 W IR DR
INtted, LU AREPBLETH B,

ARG TIIMETTE L = 7255, — X NEW
DI U TE DA bR L T b & H 2
LT3 (Martin et al, 1999; Tafaj et al.,
2004), Martin et al. (1999) (&, /— * > F3ETHIC
I IEFEDR & H~TRHE R 7 e b YT D a3A
BDEAZ ERREL TS, 2512 Tafaj ef al
(2004) 1%, N— A IFFEERIT VEA BEE, FriCBEm
WESE N & 2R L 7o, MHES R o FESSEE
PEMD—DONEEETH L Z &b, L—A =y b
AR DR TIIAHE LTI TH > 72 2 & 459
Db, TNLDT ERL, N—X=y I
MEHE D TR — 2 IR~ DI B L A B
AT 2EELTAMALCTH B EAMEDT S 1L
b, AFHELZHNTL— A HAEWENL— X =y
eIy MEICAEIT A2 LT, AN
JE R & AEYH % BT 7o BT 0 T RE & 7 B 7

59,

5.3. peNDF & JL— 4> 2y MR

AT TIMEPRI AR D 2 W IFRIED LA & v o
72 peNDF &®m D87 2kt 2 H\ 7225, Wi s
BWTHAEMICERE L JUTT 2 LD Wik 72
LR AL V=X =y FOEREINDE Z &
DHER I NIz, TNFE TORGTIE, BT
N— A2y MIEELTEKRT, BRENTHD
v, FHOD D ERHEHE TR I D EFHZ il
Tw/2 (Poppi et al., 2001; Tafaj et al., 2004), L
7L, #iKr TMR (GABt 1) < RBH #% (GABx 3)
7D L 512 peNDF S EDEWER T BvL— x>
< PRS2, 2L DRI N R &
WRT=y P OWEESET 5 2 &3 <, i
MW TMR Tid~= FOEZDH L, RBH fiftT
3=y F ORI 12, ZORREZITTC, Wi
Bhe QICHBERIZRD T2 &0, V=23
FEANDIEL A L N0 - 72,

peNDF &&= peNDFI 2K F L 7zic b 222 b 5
F— 2=y b OYBLELTET & v ) FERIE TR
WL DTH - 72, MEDIFFE 2K L 72 Zebeli et
al. (2012) iz L 1iE, peNDF &= & 4043 e
EDORNC—BMEDS A LN L 572 ST W B,
ZZICEENIMRMEICBNTL— 22y D
TEBCHRIL 2 5Hli T & Tw i, AMFZE & kOIS
WHEEL T r—2 Y botzrd Ltk
Kononoff and Heinrichs (2003b) @ Xk 9 i peNDF
ETERIMET L T HMMEEECL— £ D 5 Wi
FURDGERIC B 2 S N dp - T2 7 — A7 £,
FELIZL— A=y PRI N T2 LD i
B3AIND,—HT, ko BEY) peNDF gEOM
TAFEFEME T ISR DWWz —2 (Armentano
and Pereira, 1997) TiZ, /L— x> = b Oy
T EFHCAE L T WTEEED BV, 25 D
ROP—IL, kP peNDF G®EL—X > =2y
b DYELED BN BT L 2\ 2 & 2R
LTw3,

Z 2T, KWIZETH v 72 % o peNDF & & &
— R =y P DB EEZ R (RMSI) OBfR%
5-21CF &7, 77 7H 5k D peNDF
T & RMSI o B 2 BIFRIZEED S e oo
2o T—FIZI3IEWMILF L EENTE Y DMI Ak
EXRLEDLDT, ZORREERWILFEON— X
< b DR EREE PRI DT 5 2 L3 L
Wy Litew, L2L, 2 EdfArtdo
peNDF &mhs)b— 2 > =y | OB % Pesd 5 1
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Figure 5-2 Relationship of physically effective NDF
(peNDF) contents to ruminal mat stratifi-
cation index (RMSI). Data obtained from
experiment 1, 2 and 3 in this research
(Table 5-1). RMSI: The product of the
consistency (q. value, N/cm?) and the
thickness (cm) of the ruminal mat. qc:
Cone penetration resistance.

—DENTII NI &%, ZORRITAMEICRL T
W5,

BWFRDT—F 1%, KBEE ERABEFROH 5
RMSI & peNDF #5 K #DBIHED 43 L b WHET
BAWZ ER2RETELNDTH-72, HET B L,
peNDF B T — 2 > = F DRI L— 2
CEEEE TUT BICIFRADH Y, peNDF 25145
CEENTWERTH > THLEBLEADH <y b
DR, L 72— A VBT L N5 r—
AL T WHETHAT 5 2 L 2R3 L Tw
5,

WEICHERE - 7oA U EBRECIRR E v 23
LD FEMEDMET L 728198 TH W 5 4172 peNDF &
wI1311.2~2.0% &L BD THWE TH-72
(Teimouri Yansari et al., 2004), —J5, 7+ D
30 FoEYICBT 5 TMR &34 (Plaizier et
al., 2004) Tl¥, peNDF &®mOHFHREIZ 16.1% TH
), peNDF &&= & FLA4:FE 0 I B I3 58 & 4
Twig\y, 2L, peNDF &mh 4 19.9% (14.9
~24.1%) TH » 72 A REAER & FEDOERITH 5,
DF N, EERIICEE L 72D TEAED peNDF &
HTHIUIN— A=y F DEEAEIEL, %9
D PRI T B A0 B BEIULT 5 Y,
D EPEBIESIC B W T Z D L 9 LflRERF»H 5
NEZERBELYETN, ZDZ &b, MRS
BELRBIC BT 5N 7% peNDF &= 0P T
HIUL, Iv— A > NORE R fE <o A a1 T b
KedsZ 37w EHEBE X L7,

5.4. Jb—X 2y MEBEEICH U 2l FLA A
BEREBEHETILOESR

NRC fiz2iZ# (2001) <0 H ARFIFAZAE 2006 4F-Ji
7 &, AR O FUA SRR R T A O S iR S
PR O BAFEANEE % H BT 5 70 KRG O R AL
PHEA TWD, L2 L, MHEZESKREIC DWW TIZirgE
R DA S —5E L e v zdic, Mioksr & s
D T FEHESE R I T 5 T e, MR I AL
v R OERIZMZ, V—x>r=y D
B Z DFER & L CORBIEEH 5 i3 )v— 2 > F
BE L o 22 FLA M o ZER S HEMEICBIR L T < 5 1
12, ZDORGORREDFFEEIRIC G L TRE CEH)
THEDOTHMERERLTT 52 L0 REETH - 72,
Z Z TR T, ERMIOZEN & L C peNDF %
B, FAoZER E L Tign— 2=y Mk
HLAIAA 72 WS RHEESR B 2 BT 2 72dn—D
DETIVEFRFL 72\,

ZDET NS B THIMRRE & 70 5 BR DS 2 547
T 5, —>HIZ peNDF &imh & DREE D KHET
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=22 B E V) S EDRETH D, —DOD
R & LT (Zebeli et al., 2010b) D#HEEH 5,
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T E T NV E T2 2 ST 24T - 720 IO
X, V— A pH DHPH¥), L— A2 pH A 5.8 %
0] 2 BE1E, AHENS fbEE D 2 13 DMI % A %
B9 % &, SARA %2 &->> DMIKT b #fl3 2
fiti & L C, peNDF & &= (8mm Ll k) 1317.0~
18.5% i Th b & HE S 7z, peNDF & &
L N IEWEE13 SARA FEEN ) X 7 2%
%,z peNDF S HE2 N L D bl b &, &Sl
F4 D DMI i3 v— £ > D KA L - THE S
L5 DT, peNDF #5585 & 2 DMI &2 &
ENs (Zebeli et al, 2010b). & 5\>i%, peNDF
TEOVETESLZ L TRIRADES VI KRE
D, N— X REEEZBILICHRFTE % %2 Ban
=E % (DeVries et al., 2007), #Z T, AW T
3 nflE%EF#E L LT, peNDF & ®=A°Z DN
(17.0~18.5%) I iU — 2 > = FEROH I
ZHMEL e CHN— A CBIBIIMIEICHER I NS
&CHIM L 72,

Kiz, peNDF &aE»# iz TH b 7r—2 (<
17.0%) 122V TiE, Jv— x> =y F OYELIIREE
PHABEEN T2 E ) 2 E2HEL XL Tk
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(FA, 1979 I1CNE 22 b, TELLZ=Y ME
BOAHEZ KR T AL LCHE L T 5%, RMSI
DI OEIZEEL TW el 1UE peNDF #3461, %
L Twild peNDF &40 ML %2 T - Tw»
THLMEZL L W22 L7z (K5-3), 2 &
21E, 3FTEDOMMKT TMR (2 peNDF &&5714.9% T
H 72755, RMSI 2 1093.7 N/cm?-cm TH - 72 2
b, ZOFIMRICHE H &GS KBEITEIET
HolzZ &2k b,

ARHFFE T3 peNDF &A% 14.9% & & L KA -
723 B 1 oM IX T RMSI I3 3812 5% K AiE o> 1094
N/cm?cm &% -7z, —RT 5 &, v—A>=y

the fiber supply to lactation
cow
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Figure 5-3 Decision procedure for the optimal fiber
supply to lactation cow based on peNDF
and ruminal mat stratification index
(RMSI).
peNDFsgnm: peNDF fraction of the diet
comprising particle fraction > 8mm.
RMSI: The product of the consistency (q.
value, N/cm?) and the thickness (cm) of
the ruminal mat.
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Summary

These studies were conducted to quantitatively determine the characteristics of the ruminal mat, and to
elucidate the influence of diet type on formation of the ruminal mat. The aims of this study were as
follows:

1. To develop a technique for measuring the constitution of the ruminal mat

2. To investigate the relationship between the content of physically effective neutral detergent fiber
(peNDF) and the formation of the ruminal mat

3. To evaluate the relationship between forage and non-forage fiber sources on the formation of the ruminal
mat
The results obtained in these studies could be summarized as follows:

1) A device was developed to measure the cone penetration resistance value (q. value, N/cm2) and the depth
of rumen digesta. Applying a method used for measuring soil compaction, a penetration resistance test
of the ruminal digesta was performed using a rod inserted into the rumen, a load cell, and a displacement
transducer. The q. value and the depth of the rumen digesta were plotted on a scatter chart, and two
regression lines were fitted on the chart (Otsuka and Yoshihara, 1975). Where the two regression lines
intersect on the chart, the ruminal mat was defined as the part above the intersection point and the
non-mat material was defined as the part below the intersection point.

2) The rumen penetration resistance tests showed a decrease in the consistency of rumen digesta going from
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the dorsal to ventral rumen. The decline in the consistency of rumen digesta changed on reaching some
depth. In this study, the inflection point depth was defined as the boundary between ruminal mat and
non-mat material, therefore demonstrating the stratified structure of rumen digesta. The results of this
analytical approach showed that the thickness of ruminal mat corresponded to 609 of the depth of the
total digesta, and the consistency of the mat was equivalent to 1.5 times the consistency of the non-mat
material.

3) Two experiments were conducted to evaluate the influence of the content of peNDF in the diet on
ruminal mat formation. The effect of the difference between the control total mixed ration (TMR) and
twice-chopped TMR in Exp. 1 and the varying forage: concentrate ratio (F: C ratio) in diet in Exp. 2 on
the ruminal mat function was examined. The results showed that even if peNDF contents decreased (due
to decreasing particle length or decreasing F: C ratio in the diet), the physical characteristics such as
consistency and thickness of the ruminal mat did not decrease. Because the physical condition of the
ruminal mat did not change over the two experiments, ruminal fermentation, chewing activity, and milk
production did not change either. Based on the fact that the thickness of ruminal mat for the twice-
chopped TMR increased, it was presumed that short particles in the diet made the mat thick. The results
of these two experiments indicated that there was no constant relationship between the peNDF contents
of a diet and the physical characteristics of the ruminal mat.

4) In order to investigate the relationship between non-forage fiber sources (NFFS) from byproduct feeds

and the formation of a ruminal mat, 3 experiments were conducted (Exp. 3-5). The experimental NFFS
were red bean hull (RBH) in Exp. 3, sake cake (SC) in Exp. 4 and beet pulp (BP) in Exp. 5.
In Exp. 3, a ruminal mat was formed in the RBH treatment despite a lower peNDF intake. Therefore,
the rumination period tended to be longer with the RBH diet than with the control diet. Ruminal
fermentation parameters were not affected by treatment. Dry matter intake, chewing activity, and milk
production were not affected by diet. Based on these results, it appears likely that the fine fiber particles
of RBH became tightly packed in the crevices between the large fibers of the forage in the rumen,
resulting in hardening of the ruminal mat.

In Exp. 4, the effects of the feeding sequence of concentrate and forage, the feeding ratio of sake cake
(SC) to grass hay (GH) on ruminal mat characteristics, and the entrapment effect for steamed flaked corn
(SFC) by the mat were evaluated. The hard packed ruminal mat was formed even when the diet including
65% SC was consumed. An entrapment effect of a small particle into the ruminal mat was not affected
by the feeding sequence or the ratio. The entrapment effect may not be as absolute as considered
previously because of the large amount of SFC particles that precipitated at the bottom of the ventral
rumen 1 h after feeding in all treatments.

In Exp. 5, the influence of the feeding ratio of NFFS and hay on ruminal mat characteristics and
chewing activity was evaluated in dry dairy cows. Cows were fed four different diets: the ratios of alfalfa
hay (AH) to beet pulp (BP) were 8:2 (dry matter basis, A8B2) and 2:8 (A2B8), and those of grass hay (GH)
to BP were 8:2 (G8B2) and 2:8 (G2B8). The consistency of the ruminal mat was highest with the G8B2 diet
and lowest for the A2B8 diet. Total rumination time for AH was shorter than that for GH (P<0.01), and
it decreased with increasing BP content (P<0.01). Decreasing rumen pH below 6.0 was observed only in
the rumen with A2B8. It was indicated that hard and thick ruminal mat had not formed, and consequent-
ly, ruminal fermentation became disordered when AH was combined with a large amount of BP.
Accordingly, from the standpoint of maintaining long-term rumen health, GH would be more desirable
forage, combined with a high ratio of BP than with AH.

The results of these 3 experiments suggest that the consistency of the ruminal mat increased owing to
the small fiber particles of NFFS entrapped into the structure of the mat. In contrast to NFFS, grain
particles sank rapidly to the bottom of the rumen. Thus, it was assumed that the specific gravity of the
particles was largely dependent on whether or not the small particles became embedded into the ruminal
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mat.

5) The product of consistency and thickness of the ruminal mat in cows was defined as the ruminal mat
stratification index (RMSI). A broken line correlation at the intersection point was noted between the
RMSI (N/cm2-cm) and rumination time. Increasing the RMSI up to 707.8 N/cm2-cm significantly
increased the rumination time (r=0.920; P<0.001; n=10). The correlation reached the asymptotic plateau
over the intersection point at the 522 min/d of rumination time. In contrast, there was no significant
relationship between RMSI and peNDF contents in experimental diets. Our results suggest that the fiber
requirement necessary to maintain rumen health in dairy cows could be determined by applying RMSI to
feed management.

6) The results of this study clearly indicate that the consistency and thickness of the ruminal mat could be
measured by a penetration-resistance test in the rumen, and that RMSI was useful as a new concept in
order to evaluate the physical characteristics of rumen digesta. Although there was a positive correlation
between RMSI and rumination activity, the relationship between RMSI and peNDF content in diet was
unclear. Therefore, estimating the formation state of the ruminal mat was difficult when using only
peNDF, and it was concluded that a hard-packed ruminal mat could be formed even if sufficient peNDF
was not included in a diet.



