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DG (H#i{&&; daily gain)

W E R (dry matter intake; DMI)

Fig 36 B #LEREE (rice whole-crop silage; £ WCS)

AT b sy R & (total digestible nutrients; TDN)

L B'E  (crude protein; CP)

HLIENS (crude fat, ether extract; EE)

TANTXUWMT I N7 A7 xZ—1F (aspartate aminotransferage; AST)
7T7=v73/ 7 A7 =7 —=E (alanine aminotransferage; ALT)
TNEIN KT AXRTT Z—EF (glutamyl transpeptitage; GGT)
#wE A (total protein; TP)

7 V7 2 > (albumin; Alb)

i JR#E %% (blood urea nitrogen; BUN)

J1 v 7 A (calcium;Ca)

#EM Y > (inorganic phosphorus; IP)

# = L A7 m—/ L (total cholesterol; T-Cho)
hPERE G (triglyceride; TG)

7' v a— A (glucose; Glu)

WEBERR A  (nonesterified fatty acid; NEFA)
A/G tt (albmin/globulin ratio)

e RG22 MERLYE  (beef marbling standard score; B.M.S.)
AHe it k% (beef fat standard score; B.F.S.)

4 E % (beef color standard score: B.C.S.)



RENBEESF~OKBEEDS LIUVAHAXOFAICET 2 RIEMHAR
BIE #R
L1 RENMEESBFORARSELHE

WEMAEE LTOPETRBEHAETINTW DL REBMMEIL, WHE LB
MICEND O, AESINDIRIZENSAMOTEWEELH D, MA T, HE
REBEERE L THHRAL2LER ATV S (KA FFIES 2015),

BEMMEOIEF X, 8~10 » H i THE 290kg REDIEFHRFLEAL, #
20 » H M O REE Wi 2 % T, (K 750kg B2, 29 » H oL £ CHIMG T 2 D p—
) TH D (RMOKER 2015a), @H . BB S K £ TOREHRITE
DIBEIIG T, /T (8~13 » Alm; & - B - H—FOFERL) . 1l (14
~19 » Hifim; IRV MO F 2R . £ L TR (20~26 » Hlis; NENIE DM
G LT o) L 3WITHT b, EAENOREHICIE W T, HEE &R
JEE R D Aa G- SO EE O FRAH . JRIESELD TDN° CP & &, B L U'E # 3
YADRMEEZE 2% (Figure. 1.1), JEFrIIIX., BEMAE 2 ZGT 2 KW
DILEFIZEIE S DO BE R MEE 2 246 L. RESEHIEE PRIzt
L CTDN ZE&MELS, CPEENHEVLOERET 5, BEFHEIL. BE
e 2 fl R S AN OFERM 2R TR T 5, MEEHIMDL b1k 5 S
., 2ok EITRESREO 1LRRBELLVETH D,

RO T ITAEERE WEER VM., AOER, AORMED LT
O, B OER) THE SN D FEAIRGIHEIC LD S (BaSFEFE
AN BRI 2014), BRTTOEWERIZE&GETRGI S D, T
b BV MR EMEER O RNAMEICRE S HEST S (K H 1988; JA [
5 1998; Wl 5 2008) 7=, BEMMEORMETHOHENRMOK R ZHAIZH
g RO BRI owER N ED S T&E e (MH2007), IEETHIcE 2 I v



AfgGEZHIRL, P2 I AREZETSELZ L TRGZHES M B4
% ([ 5 1992; Oka © 1998ab; ¥ 5 2004), Z D=8, IBHEFHICIE, BE
B ESEL-0ICEXIVAGEODRVREMEEZGL, TrEe X Iy
ATHDB-IuT  r ZEOBRVWIEEROLL 2 VEGL T H8EBEHEN{THOIT
W5, LL, FOEERNTEZ I v AREBBETHroOELLT S &, fE
BRECHAOIKT (ZH &4 F 1986, 2EZ &G WA ST 1999) (2
Mz, FHWAKE (B2 5 2004), RADIKT (FaH 5 2000), ¥ X OFHERE R &

(J£i1 & 2010) R EDOHRBEEZHE T <, EEFHSLHRE DK TIZ L DR EH
HMICEAET D,

Fo, REZM ESE570ICBEEMMZES T2HmMAH 5205, EEHIH
MELRDIIEEBIREOEFER DML, NG TIEN 72 & o MK 72
BEIOFENRZ L 2L LB ICIEEDFELZRTIEDL 2 L2 (L 1977; &
%5 1988), MEBEMMOERIZLT LHIEEMEDR EIIZSR R b0, HE
Cr BHOE B AR U, i O ROMEE O UEIC L0 WA H i A BT 29
Hn HERDN G 26 5 HERFRFEIC & TEM S ® 5 2 &2 R R0 2 B 72 Bl 9
MEE LTHEIT LN TS EAKFEA 2015b), & HIC, BRI E F4 5k
BA (BAAKES 2015¢) 12X D &, 1EHY -V OB EATE ) OVE 3K 5 13 E
PEBEDOK 1%% H 5 (Table1.1) 72, WA ORBFIREOHFFC ER R RBE
FxEL, o, EERFORFEMWBELZ T20ICiE. ARSI EEEF
IS U@ 22 AR G IC L2 B HENEE CH D B2 BN D,

1.2 8= ERAL-AR4REICEAT I BREOHE
NENiZc 7 BERT 20N EORNBAEIRE S O fE T IEIL., BEGE 22467
HEBRENZ ., R OITEAEITWMAICKELTBY ., 2095 4E|



FhUvEravRED TS (BHOKES 2016), T4, BEKRITEDRIE
RFHRENC BT 5BYFTFHILKRFORERK NG WA b7 Er 3 3l D2 H)
P L, REERMHRENFENTND, S 51T, HEIEATE D R /N ik
(X, AL 20 FEEEDIRE . b Y7 6 HHHREELZE CHBL TS (BSE
EPRELMEAE 2017)  (Figure. 1.2) , AEORWHFIEBER = IZIHB W T, B
XAEFET O 3B5%E FmVEIAEZ LD TS (BEBIKES 2015¢), £72. #HFR
I35 % TDN 1kg 2472 0 © B #aETEE O A pE = 2 b 1%, i AKLARDEE 0 I AT 4% &
Wiz L, TDN1kg %720 3HEBERB TE 2 Z EARINT WD (BEHRKES
2017) (Figure. 1.3)

UTAFE O BT RS 0 58 6 72 B ONT A BY I, I B RE~ DR A7 23 O I 4 e
FREZTEETLIO0ESODERLE 2> TS, LER-> T, HMREE ORI
£ 2 WA EHE T ORI, IBERE OREMICH LT 5 M CEE L E
THd,

FREAOKPEA 1Z. Fhk 22 4 ORLEE B A8 77% % Rk 32 4251213 100% &
THEEZBT TR, Z2OMFEL LTKHAEZIZLD & LIAEER % Kk KR
EHT 22 2B LTWD (BHKESR 2010) ., 20X 5 RIREICEW T,
KHEZEM U TARETE D MmBEHEE (1 WCS) | Bk, BXOTHbH
ORI AR, WHAREICE T 2 M AGEHK AR I O 82 O R D 72 23
DAREMERN S D, A F WCS X, i ABLA RO 4% s d L OVREL B 46 = 1A
E~oxtin, SHICEBUFICE S KB ZAER] OBBKE b &
(B2 &5 PE IR BB S 2009) 72 &6 ENICTEIT R 27 GO AT HE I,
YRR 20 4E L bl U CHY 4 500 38,226ha L AU LTV 5 (EMROKEER 2016) .

A FWCS 2L, - e T URiEbobIcli L T EENTWD (K

5 2003; K= H 2005; &4 2007), FDi-8, BEmMMEICE L T, ZhHMEdt



(B B 2001) . JENG 2 HE Do ERF IR L 2 WIR BRI (F 5 2004) <0
% (57K 2005; & H & 2007) IZH65- 341D 2 EMZ WV AEBIGICB N TH,
AR WCS [FEHEMEF I G SN TV DL HEFABRLIND, L, A4 L —
CIRBATO TRAAPICLY - e T U EEEAKETE D (CF 5 2003; KEH
2005; &4 2007) 7=, THALEEAE L7-A 3 WCS Thitix, WAEES DR
BREMMICHECR D S OBRHEE L LTHEaTiE (BFD 2011) Thob o
EDPHOEMNERSTND,

oo, AAAOMERE LTARAIRTH DN, ke LTHHINLD D
(T ENAEE & 0D 10%I2 LA X720y (kP 1998; 1A vk A 42 [ B AR 3 1 2 i
£422008), Lo T, fabbOENAMREIL8NIZE EE-THEY (B
KEEE 2016), %V @ 15%IEECHENLOBMATHS, LML, BAORD
SUx, OERE S OBYIR OFARIIT L0 A HIBR & 5 W 345 R T 2 fa
Bob, HERIIIARLZE TH D (BMAKES 2016), ToH, HEfRD S
D& EPEAS & FIRIEKRITREBEORRE & 72> T2 (kPE 2002; & H 2002),
PERR D B DR MR PR NFEK & LT, A0 EDORBEANEIZE Y. T+ KH
RN TERWI &R0, BERE OMIGIZIRE 27, B2 A IZ<n»wE
ERBIToNLN, NEEZOWDODLZY A L—VT 52 L CZoMEL
fRIECE 22 MR EINTWVD (EES 2005; #1HI¥E AR ERA SOl
2009), AR oV A L —UiF, MERDOLIZHART -7 aER£<4
FNTND (&K 5 2008) 7, BEEMFICKIT IG5 ThHUX, TBNIZZHEIZ
WEEZHEZT MEBEBORTEHEE XY I VARZIEORAEY A7 2B T 5 (H
W6 2015) ZEBHBMNEZLRSTWVD,

Flo, KDL SKERICEIED & L TRAET LA KDDL, TDN ZEZNBLY
T 80.5% & m WL FEM Th 5 (B - BAMIEERINKRGIZEHME 2010) , 2



GRIEMTH LM THY . AXRDDPORKBEIZ Y RO EKEFEE
MWA VA VRFEOANERIERE SN HINT 5L oHRE (Dryden &

Marchello 1970; ¥ H & 2007) & & 5,

LIXMRDODEMEBE

RHIEB A ICB 0T, EWAGE 2 b & L7zl AfE A2 2 H 3 % flas a2
MERSNTE2H, MEORE LRV AKBEEHIEBIICFIH Sh T2
Mmoo,

R S OV AR PE R R 2 X 5 72 80 D FEARJ78F (BEARKFEZ 2015b) T
X, AR DR S OBLEIRR, flka X MEBOBLE NS, A 1 WCS
ok oK S [ pE R R 0 AR pE - RIS K 2 [ PE SRR A BE FEAE O e ST S B AR 72
EE SN TEY WHFEREICEB W CH EEME OB HANLETH S,
ST, EEEHB A im0l S b RE e B AR iE A U 7 i AR~ K
TFEMEWEEEHGEC L 2mmEPREENRD OND 2O, FHED AR
B2 G LI AR E 4 O ZFENEBIE DN N L ETH D, £ 2 TR
TiX, KHEBEKROBREEZER L-AAREFORBEN 2T 5720,
B R ARG LRI R EIC O W TTREET 5,

AKX T, ZNOOE AL, FUEICEWTEMDL YA L — Y D
BHRPECIE B R W B EME LR~ LS Ea0FDEICHONTELRE L,
BIMETIX, AR oY A L — LA KD 5 71500 1E 72 46 5 R ] 2 fiF
A 570, R TMR (AR CIEBFRYEBEMEED S~ E L2 H B0 AR
PEIZDONWTELE LT, S, BIVETIE, AMbboV A L —T EEXRDID
E W5 PN E R RETEEBICHOWTHAT 5720, B2 TMR (A% TE
BRI BREBMEERFA~RE LIS EOENEIC O VWTER LT,
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HReb 5494 L — (Fresh rice straw silage)
H G ek (Self-supplying feed)

A K27~ (Rice bran)

7B TMR (Fermented total mixed ration)

HEFME L2 (Japanese black steers)



Early period

(8~13 months of age)

Middle period Late period
(14~19months of age) (20~26months of age)
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Developmental period for Developmental period Period for fat adjustment,
bone, muscle, and rumen.

for marbling.
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To increase marbling in the middle period, the
content of B-carotene in the feed has been
reduced.

Figure 1.1 General feeding method for cattle fattening
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Figure 1.2 Variation in farmers’ retail price of mixed feed

Statistical data on supply-demand relationships of livestock products
Agriculture & Livestock Industries Corporation (alic)
http:/ /lin.alic.go.jp/alic/statis/dome/data2 /nstatis.htm



Comparison with price of imported
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Figure 1.3 Comparison of production costs: self-produced and imported feed

Comparison with price of imported feed set as 100.
From “Shiryou wo meguru jousei [State of Affairs of Feed]” March 2017.

Animal Products Safety Division; Food Safety and Consumer Affairs Bureau;
Feed Division; Livestock Industry Department; and Ministry of Agriculture,
Forestry, and Fisheries.



Table1.1 Production cost of castrated young fattened Japanese Black cattle per head and breakdown of costs

Unit: Yen (%)

Veterinary and

Fiscal year  Production costs Feeder livestock Feed cost medicine cost
2008 966,785 561,339 (58) 335,141 (35) 8,224 (1)
2009 878,746 523,902 (60) 285016 (32) 8,004 (1)
2010 782,412 433,948 (55) 275,273 (35) 8,148 (1)
2011 802,352 437,761 (55) 290,201 (36) 7,729 (1)
2012 825,976 455,240 (55) 298,818 (36) 8,200 (1)
2013 853,714 457,457 (54) 324,806 (38) 7,981 (1)
2014 907,454 507,188 (56) 328,177 (36) 8,033 (1)
2015 982,100 585,251 (60) 324,077 (33) 8,813 (1)

Average 874,942 495261 (57) 307,689 (35) 8,142 (1)

Report of Statistical Survey on Farm Management and Economy (Production Cost of Livestock), Statistics Department,
Ministry of Agriculture, Forestry and Fisheries. F.Y.2009~2015

Cumulative cost of production for castrated young fattened cattle per head.
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BIE £BboYAML—CoRHRBRELRERMF~ADKBENERNEICR
X3 EE
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KEHFIZBWTER S IMLLIE, WAFOME B & L TARIRTH D

(% Bk 2002) 728, Wzl - WEAEEDNRBEICEBEINLT2D, ke LTHM S
NDHDIFXENAEEED LENZ LT &7 (GkPE 1998; #h[H ik A 2 E B ARG
s As 2008), £/, WAL MO LIEWMAIN TSN, HEESD
RYIR DR AR Z VA DBHIRS 2 W ITEIEES D 2 b H 0 AR
REZETHD (EMWKFEE 2016), 20D, EHEMmD L OZEME &R Ik
KITHEER OFRE & 72> T b (k1 2002; 7 H 2002),

K DOULHER T IF RSB 2 ENZ VT, BEBOLENR WD BICHD 5
ZET 2 FEE LT, NEEZORDLZ YA L— VT 2 FiEnd@E S
NTW2 (RS 2005, tHFENRERAN ST 2 2009), INHEER OGO 5
YA L —VET AT O A L—0F, /R BHEE STV SR
DOLORFZFE L THHAREBZONDI D HERDOIZHXTR- e T (7
PEXIUA) BELSGEND (R D 2008), REMBEDOIE TIX, 16~21
HABOEETFHICEY I ADKREELZHIRT L2 ZLICKVIENZEL D
LEBBFEMTONDGTED, RN OEFEFHOMEE L L TR I TV E&
DIERWEZ RO O AR S T&E e, BZMTIIEETHIZb > & b FEL,
FRFHICEZ I AZHIRT 2 LRV EREE D 2 Lavb (Oka b 1998ab;
EMOKPEE AN 23 FH R 2000), IEFTHICK T 24Mb oA L—Yofkh
DB A ME 2 I 9 5 AR I S E T & R, —F ., THRAELCB- a7 v
GE AR L A O B AR A IR E 2 EICH B LT . TR HEC
WEEL 2N ERmESTWD (BFDH 2011), i (2007) 1%, Gk
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A FHOB-TvT AN EERENORB L L A, BEHNK
EFAT—VEBLTRbEDPTLERELTWVD, LEEN- T, XEHLT
THRINDERD LY A L— O3, 15N AHE D F 2 2 Il 3 5 7 Ak
WD, KHEZER LICEEEROE R 2ED 5 LT, Afb b 0FH %KX
LZELITHEETHDL, —FTEMDOLI AL —ViTa-baT7zr—LH %<
GENTEY (B 5 2008), FIEEHEE L R, WHEFSICHRET S L
AR O a-b a7 zn—LEENEHED Z LD (EK S 2005; K 5 2007) .
TR OIEERRALIH N RS HFFTE 5 (Faustman » 1989; —H:A 1996),

LNLns, Aot A L —Y o EREIRKEEEEFICO VTR L
MEIXRV, 2 2 TAMIIETIX. TR HE~ DN kD e W IR E % 84
(20~26 » An) ZHWT, Mk & L TAEMb LA L— Y F xR b
bafh Lichaokas, WK, MMkl X OB AR S 2 ik, ML
<o
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2.2MBBLUHZE
1. R4 LERRES
AT, IR EBMROKER AN ¥ —SEMIIT CAER L OERK S
Nic, [Al—HiF 2R L3 5% Hle 20.3 » Ao B E LS4 10 SHA H
Wz,
AREBROLH X T, Mk s L THEBERDL ZHKET oKX L, b b4
A V=V %572 FRSS KD 2 KAKREL., FXIZ5HTOEE L7,
AR, BEZEHICHEYS T 5 20~26 » HlwD 6 » Al & L7z,

2. RRfAH

BEEENT, TR OBLA R (TDN 74%, CP 11% (F#H&E)) L5+ %
Mo, HMEEHL, EREORERD L (CEFHUIKE 8.1 m) ZXRXIZ, &
RN TARE - il sh72 b o9 A L— Y% FRSS KIZk G Lz, £fb
SY AL —UF BB 2 N, TOMNY B EZOYIERED S (WFEA [T
Alein ) BEXO Taze V) | FHUIKE 85 m) #FPHEFICHER—
JLR—F — (SR1230; A xth& ¥ &, =&H) CTHAMEMA (FH 15, F
FIfE . dbyiEiE) 2L 6EINL, A L—UFRR L e, Mk & RE
RO FE GHIAIT. Wt 2.8 LD L O IR E L., T b EEO(LFER K Sy
Mz oW TiE, AR OB AE AICE &, AAREERE R SR (BEH
T ST S 2001) I K W HE I L7 (Table 2.1) .

3. MMKEEAELLUFREER
AT, FX 28R WL SO & Uiz, fkHE, RIEGE &R 4
fE R K7 (DF-100-B; A U A IR U4t RE) 1L D DR
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H U7, BIEGENI S5 OMEATIEICE-SE 1 2108 (9:30 & 14:30), HLEEHZ
1 B 1ME (9:30) &5 L7z, MEE OG5 8G a5k 2 5 Lk
LBEMEL, WHEET2kg/HAY, FHWEETHRDDL 23kg/H. Ll 5
AL —U5kg/HZFG Lz, REFRERITAAFEEZEENN T (BARKES
FRMROKPER T =36 9585 )5 2000) (KW EMH L7,

FEAR I3/ A 9:00 \IC[MEUL L, FFE LT,

EAKIEV +—=F =Dy TICLHBHERE L, JRAETHHAD I (EE
ATA RNy BASETEKRUSH, @F) 1TEHERE L,

kA ORBEHEFIZOWVWTIT, THEEHYOFEE L NREICET 2 A

e | (BrbE 1987) 12t -> TFHE i L 7=,

4. MEERE
(1) B D B2 9 4
fLRAREE & FR AR OO W o T E — R T IE (B A SR B REAT A JE 2 1994)
CESETEMEEZNE L, £, HEET D B-InT o EE&EB IV o
fhazzo—nLEEE, aEEKs e~ 77 40— (LC V=T AT —¥
= > CLASS-VP, fi % SPD-10AVvp; #RAAE B ERERT, 548 (20 3
E L7 (b StAR IR B . FAE),
bbbV A L — X BEBEIC 1I~2 2B E Lz, o i 7 ik,
PRI R B E L 72K 30 o0 9 6 10 fE o B SRR~ — b B35, A e
THoZznENEE., TLOENLEIL TRA LT,
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Q@FRELSLUHAHENRE

REIE, 2 HEEICEEHS 5RO 9:00 ([ZHIlE Lz, fEHEREIZ, K52
CEREERNOHEAEL L, k. RESE & HEE OREIZ T Z BN
FrELTHEH L,

Fo, GBFESRRIIEBHE R 2 AR TR L TR L,

(3) MmiEDIREN & RS 53 #h

miklx, RGBS 4 BEEEIC~NY A BZEELEZH VT,
R B ERIL L 72, SRR 2N ERHES B-AiT D 9:00 1Z#E— L7z, #REE O i
IXE B IZE D5 BE (3,000<Xg, 3043, 4C) IC X0 MAEZESEEL T, Hricfit
T2 F T—20C CHAERIE LT,

SYMTIE B 1L, — ks (AST, ALT, TP, Alb, A/G tt. BUN, Ca, IP, T-Cho,
TG, Glu), VF /= (EXI v A, B-IuersrBlRoa-barz7zm—n
& Lo, MK —Mmmic ot (fh) B EMSBREEHEE ¥ —12h
FraE L, ((h) B AR P2 A REELEICE S CER Lo EE A

I

Wi, VF = B-e T Bl Noe-ba T e — o0 Tk, EiEiR
Krw~ 2757 4— (LC VU—27 A5 —3 3 CLASS-VP. k%
SPD-10AVvp; #R R EF, mE&) ZHWTHELZ (FAE X I~

4> 1983),

4 BHADFRES &K VR RGOS
BAOBAMAKREIE, (R BLERAKREE X —I2BWT (&) BARRN
AT O PR ARGIEEIC IV EMfShicboz v, w4 0%, % 7
W (ki) Z2HBLEob B2l ooy 5% T—-20C
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THGE R LIz, AT EBIE, BRMAKB L N a-ba 7 zo—b@iEl L

oo NEWGEERE RS DU Tk,

171

YFILTEY TN EATF AT X T
HA7w< b7 74— (GC-14A; BERAERT, ) (2 & v |E L7z (Folch
5 1957).,a- F a7 zn— LG ET mEEE 7 v~ 7T 7 (B4 RF-535;
A SRR, 78 X VRELE (WEEARARER o %

— 2001),

6. etz

‘o7 —ZIZ o0 TiE, Mty 7 —2 Y 7 (Stat View 5.0J; SAS
Institute, Cary, NC., USA) % H\W THFHLE A2 1T > 72, DMI, DG, fifk}Z R
BB, MR, BEXOWEREHFDO a-ha 7 20— L FEIZON
<

X, G EEE R EHMAERTF L LBzt AEENRO LN

\nad

& 121X Fisher ® PLSD 52 W C 5% /KHETCH BEEZDRMIERTTo7T-, HLAE

B 220 T ik Mann-Whitney ® U R E % FlW T 5% KETHEZDORE Z1T - 72,
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2.3%R
1. KEHFAHDPO B-HhATVE a-FaI Tz A—LEE

WMHHE ROy HR-Ir T Bl Ra-F a7 cn— /L& &% Table 2.2 127K
L7, BRSO - a7 o a&BO T 2.7 mg/kg, EfboH A L —
O E &1L 708 mglkg THhHo72, 72, o-h a7 =nm— /L& &DOEHEIT

Rz MR 5 A 53.3 mglkg, AfEH S YA L — U 501.8 mglkg Th o 7,

2. FAHENE. RE, ARAES L URAMERE

Table2.3 (2, JEEHM T OmHEIE, (KH, AEKELS L OEEZEREO
FEBEE R LT, IRIZEEHEIRE I IT R 2> 7223 FRSS X o Hi i Bl 6z )
BREIL, dRXIVAFEICER2T, 207D, 1 7Y ORFEmER
®IXIFRSS K23 @£ o7 (P<0.05), £/2. 1 A7 OFHHMEREL 1
h AT 5 & 22~23 » iz RE FRSS K2 m < #E# L 7= (P <0.05)
(Figure. 2.1),

2 AT L 72 26 » H s o R E  ERRBRIIRIIC 1 2 B IR & L Ok
FURPEIXMIZENRD N2 o T,

3. miEMHER
MR D —MZ 3 IZ 2T Table 2.4 12, VF/—v B-ITuT7 rB8LWa- k=
7 = — LEEIZOW T Figure. 2.2 IZ/r LTz,

ABRBHAERE D 20 » A B BT DI — ik ks> Tlik, ®RX O AST AET&E

-

VME TH o720, T XTOHEBIZERRD N2 o7-, GluBEIIXHRKX

)/’/

DB OMEITICfE > THEICIK T L, £7-.26 » H # TlX FRSS [X. @ BUN

BXOTCREREMNSHRXIZEXTHMLZ (P<0.05),
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Ep LT ) — VIR, FRSS KN RHEXIZHEXTE WL L THRE LT

(P<0.05), 728, XX TIiL 21 » AmLARE., mEEH VI 7 — L3R BN R B

v AR

171

EFE&#EO THRME (501U/dL) L F#RL7Z (5 2001) 728, B4

SRR S, ) #5mL (BE¥ I AL

171

%l (F =2 77 YV — /L A100S;
LTBE0 5 IVU) A5 L, L2rL, FRSSX ClImigfh v+ —LiBEDO T

RIE~DE TR F I 2 A RZIEDKIERITFR O b, [FERF R 0 &5

IR ECTH o=, MFEF - T VREIZHONTH LT/ — LFEEE. FRSS X
DXBEICHA_RTELSHEBRL.2LBLIO 23y A CTAHEEICE £ - 7=, P o-
fa7zo— L EE T, ABR#HM2Z2EBLC CHBRXTIZIZIE-EDOL L THE

L7zt L, FRSS KT AIC EH L, BWL L CHBE L7~ (P<0.05),

4. BRRE. BRERHPOBEBHEBEMS IV a-ta 7z 00— ILEE
FABRBEIZOWTIE., FHEEBICBWTRBXEICENE DN o7~
(Table 2.5), F7-. &2 TO4T () BABHRKMHSIZL D BES.OHEIT

3 ThoT,

Mo i = i P O IR I B B2 X - 7228 (Table 2.6) . FRSS X2k

WTY L umneemW EmIicH o7-, /2. 0- a2 7 =2 —/LE &L, FRSS

X CTHEICE L 72 o7~ (Figure. 2.3),
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2. 4%

RIFFEICBNT, EMb oY A L—OMHERHER R, dBRX LV HEC
BN o T,

Ao A L —V OB, ARZEREFZ AW BRTEWER T 5
ZEnHEINTWDS ORES 1979), WAEEFICTE W TIEIBEE O M K%
W, EFRD LY A U — DT D DI TR ERENL TN D & B HE
BTz, SEX O EHEREIL 0.72 kg/H . BEEIAIX9.5%TH - 7=
DIZXKF L, FRSS KixZh ., 1.57kg/H., 18.1%ICEH E 7=, —KMIZIEFE +
B OB EFERHEREIT 1.0~1.2 kg/B T Y (REFESEEMHAEER S
1999) . HIEFIEHEREIAIE 15% L FTOZ ENE W (B - R ihEERIFRE
FeERE 2009), AFEBRICH T B 6B IX O MBI RE T R RE LY b
WAy, 8 » Hil/r b 29 » Hilm O IEE &2MFEICEE T o I A 2 ERIN
(S22 5 1996) . & L < 1T 18 » A LAKEICHRE 1 ke 72V 20~301U DX
Y AR (HIL 5 2004) L7oilBR & EHER L OHEREEG 2 F%E TH o 1,
DT Enb, RRBERDO FRSS X M Bz B E LB IEIA 3. — KAV
WESNTWIAEIVEEWKETH T EEZLND,

A EZ OB TR, HE RO BB E 2N EWIE i EIREN T 5 &
D|EN D DN G LK 2008) . ARG L7 E RO DIKr& X, WX &
H )T 8.1~85 cm DOFMIZH V| HE LY EREOEITZ OUERICE
KT 2boTiHRnWEEZLND, £io. FEEGE CIIfE2Ek oKy & &N
50%LL DAL, Ky E B 1%EINT 5 E ISy B R E TR 35 &l
SNTWDA (Chase 1979; jEZH A « BHINEF NRC FLA- R F AL 4E 2001 F i
W7 m ¥ =27 FF—L4 2002), ABFE TR G L7z FRSS Xl dik oy & &

1T 45% E K< . EMEREOMGIICH 2 5B I Vit EZ NS,
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BLIRTR WS R & LT, FRSS [Xidoef BRI He ~ 5B I f#] 2 0@ L C i g 1 e ~
SUVARENESHEBLEZ LD ATDLY A L—VORBEICI Y EX S
YARZIEIZEDEMEREDOIK T LIETELEEZEZX 6N, LEDZ &h
5, B IV AXRZEICERT ZE8EHERECKTAE Z VST WIEF®RSIC
BWT HEARICEITRD LoD 20~26 » Al 5 ) miE
MEIL FRSS KB EICELSHEBE LI s, Afb oA L— 1%, A
FHERBE 2 ZEMICHRE T 2 LTERND Y . wHEBREN I S
RTWEBZHOMER L LTHEITHLIEE X LN D,

W X O AN LFAETH Y | MR — IO TS —HOHEB BN T
WMEXHIENTIH ST b DD, Wb IEFEOFGEEN (AREKH 1991;
SEFEGEWREAEREHS 1999) Th o7z, MBX O MmiEH Glu #EI1XR B
M OREIZfE > THEICIEK T L722, FRSS X TIX 72~74 mg/dL DO #ilH T%
ERNCHER Lz, MAET GluiREIL, =X ALF—DOBARERLA LA, HDH
FHEDEREICE VLA TS (REFEGSEDM AR SRS 1999), FRSS X

M Glu JREEA & < HERE L7z ok, SRBRIIMH 4 8 L T FRSS X o Ml fi £l #z
PWERENSRX IV bEL< ., DOREMICHR LI L EHEERH D LE R
Hivie, MR O LF 7 — VR EE IR R IX I 38 W CIEF #iPH & T B 2 RE# 2338
D HNToDITKR L, FRSS X O[EREITEFFHN CTLEMNICHER Lo, Mg
LI = VRECIKRTFIXAERANOE XY IV ARRORIEL 7Y (REFRES S %
WA 1999) . DO AEKNTO B I 2 A KRR T BHE BB ik o
KTFEFRT 2D (ZHEH L 1986, REFRSSED AR GRS 1999), 106

(2001) X, BEMEEF 4oy ERE TS v 2 I AJRE 50 IU/dL L
TOLREIET Lis® 30 IU/dL 2 THEIS & ABICIKR T 5 & #HE L TWno,
EEFOREF MBS RELEHRT L2200, EX IV AFGEODN
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RO S L B-Ir T U ERODIRNTED S &R H T D BN RS KN
Thbd, 207D, BETHUBRTIZIEX IV ARZICHY TV (RERS
mEME AR SRS 1999), MY RYEZOMDHIZIE, Yo I ADD
LoOTHDBIRTURELEETNTEY (/D 2010), ARBRTHE LT
ERMOOY A L =3O R EROFD O Z PRHETICHA V-V L
o - uT g ROFHEN 70.8mglkg L HERFEH SO 205£< G Eh
TWiz, b b a2k LextBIX TIL, 21 » AP, mER s —
BENEFE®#HAID QT LEZDIcE X I ARFIZROK L LizDlZxt L,
AWMLV AL —VIIBERB-IET U E2E5ATHNDLHO, R Z@E L T
B IVARZIFEI LR o1, IHIC, KRBT 20~26 » HIOIEE
BN AERD YA L — Y Ofa GIXIEN M AR DI FIZ 272253 5 72 s
o, LTeo T, RKFREOFKRIL, BEEMF~DERDOOL A L—V 0%
B L0 fAEHERBEOEK FTRE X IV ARZIED Y A7 ZRBETE D L & HIC
NEWIZZHE B R O O A 5 LT RIX S AR N2 & 2R T80 TOHMKE T
oA

—IZ EHIMOAFESH A L —C0BEIC XY IRIEI S a3 52 (&
¥ - RBEEBITRATICHERE 2009) . ZHUTARESL MY ER I U EKO IR
EB-T1 T v OIEHifE~DEE ThH DL LN TS (ZHB 1970; 5
1994; H1AF 5 2010), IR O A LIZE AR O FIZERE T 225, 4B 06
7 AMICE EMOB5RABR COBRESIIRENITHY, ARV A 1L —v
ho B e T SRR T DR O ECLIZRD ol

MAEF D a-F =27 20— LJEEEIX FRSS K THEICE S HEB L. MKkEG T
Do-ba7zu—LEEE FRSSKTHL 2o (P <005, o-ha 7 x0—

PRI AEEZ BT HAE X IVEDOEDT, By BLOS G HT- 4 FEHD
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FaZxzwm—AOR TibAEBREERmEV (AAREZ I PR 1983), —#H
AKB (1995) 1%, L& 4EMETOREMBELESFICE X I E (BEE2 dl-a- k=
Zxua—)b) EREOKLGLEZEZA LEBZICEZ0OEY a- a7 2 a— LR
JERHAL . & A AmAEC TR, B IRIE I d KOV b o R b MR B
CHA_NTHEMLZEEXTWD, 2o X9 RERTIMOMIZ, FHEFTO a- k=
7 xn—/LERIX, A (Yang B 2002; AR D 2004) ORI BEHL B O G 5-

(/K& 2005, KB H 2007) ICEk-oTHEIMT D2 &nRESNTND, £
o, BRHRCIEMHR D a- h a7 = v — L5 &R MEMOBRICIHICEET 2 L O
HHEHH 5, Faustman H (1989) (X, FHHD o-h =37 2w —/LFEN 0.3
mg/100g FENTWIITFAF ORI LB OBILBEND -, FHROEMA
BHHENDZ L E2RBOTNWD, £, ZHEHEAER (1996) X, FHOIEERL %
MEIT 57D iF, HAFIZ 0.35mg /1009 D a- b = 7 = o — LR E O BN M
HThHDHLEBNTND,

Ak CTHREG LEZERMDbO T A L=V D a- b 27 = v — L& &34 500
mg/kg TH Y | HEMO O TI0MHFRESE N>, XV EZEORRD L
CIE BT bR e-Fa 7z —ARnNEGEThTWND (&4 5 2008;
SR 2010), a-h a7 2 —VEEIX, THEIToTH B-I a7 i &
TET. A= URRE IO TH TR BB ORIE IS S BAIERESLHTH
LLlMEINTVD (&85 2010), ARBRCIX, T D a-Fa 7 zm—L
BREE S REBRBAAR & & BICHBKICH R T FRSS KTAHEIC LA LEEZ b,
MEEMHTOo-Fa 7o — LEEOHEIMIERDO A L -V EDORET
boHLBERONTZ, £, FRSSKOMEEMHT D o- =37 = v —/F &% 1.2
mg/100g TH V., L EHELT 2 L SN MEOEFELZREL LR, &
FTH A R ARy & ()11 2008) (2id, FIEA Y 70— 2RO - h 2T =
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°—/ L& (% 0.5mg/l00g Lt SN THE Y, ZofEiE. ARBRICE I D3
X DON-HIE 0.4 mg/100g L IFIFERETH D, LIzB->T, Afbo¥aA L —v
rRHAETH ICHREGT 228, FRF D a-FaT7zrn— L E2mb5FEE L
THEDTHY ., FHORERILOIMHELHEADORFEIRBMETE D,

bR NG, Afbo A L —i%, BREMEELESBFOEEZMICHY
95 20~26 5 Ak T AR E LCTHRIHREECH D EEZ DN, 51T,
X I ARZIER IOFEHERFIE T Y 27 20T & FRF OHEEL
WA MR CE 2 ATREEND S,

ZZ T, BNMETIE, EMboV A L—U Ok L 2t 5 Fikomi s T OE
FEREIOFI RN E2XE BN TERDOY A L -V BAKEIEDEZIRS L
7o FE B TMR O F LS B i iz DWW TRRFET L 72,
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2.5EH
BEMEERF~DEMDOLT A L=V DM RICOVWTHLICT D7
O, BEHY (20~26 » Alls) OFEZHWT, LEMDL LGS (HRKX) &0
s SRR e ER Lz, EMbOOLYA L —YOmmBREIL, wERDDL X
DHLEEICE,P- T, ALY A L =YL R LT ) — L RE
DIXTAMA O, a-h a7z —LREEFEMNMLE, LEoZ &6, A
DO AL —VORKEIT REBEOKTHEE Y IV ARZIEDHEED X7 &K
WMCTEDARENRDH Y, DOBRMRMICEELZEZ RN ENLIEERIOM
ARt LTIEHTE S BN, 62, FAY WKREMR) Oa-bha >
T —VERELEED DD RO MIMEE RIS D72 23 D A REME 2SR S dv Tz,
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Dry matter intake (kg/day)

—&— Control (n =5) —+ FRSS (h = 5)

20~21 ~22 ~23 ~24 ~25 ~26
Months of age

Figure. 2.1 Changesin dry matter intake in Japanese black steers
during the fattening period

FRSS; fresh rice straw silage feeding group.
Symbols and error bars represent the mean and standard deviation.
The different letters (a, b) denote significant differences (P < 0.05).
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1600 -

1200 A

800 A

o —-tocopherol (ug/dL)

400 -~
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Months of age

—{3— controi —— FRRS

Figure. 2.2 Changesin plasma retinol (A), 8 —carotene (B) and a -
tocopherol (C) concentrationin Japanese black steers during the
fattening period

FRSS; fresh rice straw silage feeding group.

The arrow indicates that the control group was given an oral
preparation of vitamin A.
* P < 0.05.
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Figure. 2.3 Effects of feeding fresh rice straw silage on o -
tocopherol concentration of the longissimus thoracis muscle in
Japanese black steers

FRSS; fresh rice straw silage feeding group.
Mean % standard deviation.
The different letters (a,b) denote significant differences (P < 0.05).
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Table 2.1 Composition of feed ingredients and chemical composition of
control and experimental diets

Control FRSS"
Ingredients (% DM)
Commercial concentrate? 74.6 74.8
Wheat bran 5.2 52
Fresh rice straw silage — 20.0
Dry rice straw 20.2 —
Chemical compositionS)
Dry matter (%) 87.9 55.0
Total digestible nutrients (% DM) 75.2 74.8
Crude protein (% DM) 10.9 10.9
Non fibrous carbohydrates (% DM) 429 42 4
Ether extracts (% DM) 3.2 3.3
Calcium (% DM) 0.4 0.4
Phosphorus (% DM) 0.5 0.5

1>FRSS; fresh rice straw silage.

2TDN 74.0% CP 11.0%

9This data was calcurated using Standard Table of Feed Composition in Japan National
Agricultural Research Organization (2001).
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Table 2.2 B -carotene and « -tocopherol content of experimental diets

3 -carotene o —tocopherol

! (mg/kg) (mg/ke)
Dry rice straw 4 2] = 2.2 h3.3 =+ 345
Fresh rice straw silage 10 70.8 = 63.5 501.8 =+ 2326

Mean = standard deviation.
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Table 2.3 Effects of feeding fresh rice straw silage on dry
matter intake, growth performance, and feed conversion in
Japanese black steers during the fattening period

Control FRSS
(n=5) (n=5)
Dry matter intake (kg/day)
Concentrate 6.82 = 0.34 7.09 £ 0.60
Roughage 072 £ 0.17° 1.67 + 0.38°
Total 7.54 + 0.48° 8.66 + 0.89°
Growth performance
Initial weight (kg) 520 + 21 543 + 45
Final weight (kg) 638 £ 29 678 £ 65
Daily gain (kg/day) 0.64 £ 0.13 0.74 &= 0.14
Feed conversion 122 = 24 11.8 = 1.2

FRSS; fresh rice straw silage feeding group.

Mean =+ standard deviation.

The different letters (a, b) denote significant differences (P < 0.05).
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Table 2.4 Changes in blood components in Japanese black steers during the fattening period

20months 23months 26months
ltem Unit
Control FRSS Control FRSS Control FRSS
AST u/L 744 =+ 164 586 + 83 t 63.8 £+ 19.7 572 £ 67 N 734 £ 259 560 = 38 NS
ALT u/L 182 =+ 38 194 £ 27 Ns 170 £ 24 192 £ 24 s 180 £ 25 194 £21 N
TP mg/dL 6.8 = 04 72 £02 N 70 £ 03 71 £ 01 N 70 £ 03 69 =01 s
Alb mg/dL 35 £ 02 37 £01 N8 35 + 0.1 37 =+ 0.1 * 34 + 01 36 £ 02 f
A/G ratio 1.1 £ 0.1 1.1 =01 NS 1.0 £ 0.1 1.0 £ 0.1 T 09 =00 1.1 £ 0.1 *
BUN mg/dL 165 =08 167 £21 Ns 179 =+ 38 167 £ 24 Ns 145 £+ 20 176 £ 14 =
Ca mg/dL 96 =+ 06 98 £ 04 N8 96 £ 05 97 £03 N8 97 £ 03 94 £03 s
| P mg/dL 72 £ 0.7 73 £08 N 73 £ 1.1 64 £ 03 N8 6.8 £ 05 71 £ 04 N
T-Cho mg/dL 1498 =+ 26.1 1770 £ 271 Ns 1482 £ 284 156.2 £ 269 Ns 1388 £ 294 1722 £ 336 Ns
TG mg/dL 258 =+ 38 330 £ 103 Ns 2568 + 6.2 314 +45 252 + 43 368 + 74 =
Glu mg/dL 734 =+ 32 736 =60 N 696 + 29 744 + 42 N 658 + 2.7 718 =33

AST, aspartate aminotransferase; ALT, alanine aminotransferage; TP, total protein; Alb, albumin; BUN, blood urea nitrogen; Ca, calcium; IP, inorganic phosphorus; T-Cho, total
cholesterol; TG, triglyceride; Glu, glucose.

FRSS; fresh rice straw silage feeding group.

Mean =+ standard deviation.

NS, not significant ; *, 7 < 0.05; T, £ < 0.1.
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Table 2.5 Effects of feeding fresh rice straw silage on carcass trait of Japanese

black steers during the fattening period

Control FRSS

(n=5) (n=5)
Carcass weight (kg) 3957 £ 183 4125 £ 415 NS
Lib eye area (cm?) 454 + 43 464 + 22 NS
Rib thickness (cm) 69 + 09 74 =+ 06 NS
Subcutaneous fat thickness (cm) 1.8 = 0.2 1.8 == 05 NS
Yield estimate 734 £ 1.1 736 =+ 03 NS
Beef marbling standard score 52 £ 16 40 =« 0.7 NS
Beef color standard score 34 = 05 40 =+ 0.7 NS
Beef fat standard score 3.0 3.0 NS
Quality grade 40 £ 0.7 40 =« 0.7 NS

FRSS; fresh rice straw silage feeding group.
Mean = standard deviation.
NS, not significant.

Carcass score graded by Japan Meat Grading Association.
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Table 2.6 Effects of feeding fresh rice straw silage on fatty acid

composition of the longissimus thoracis muscle in Japanese black steers

Control FRSS
(n=05) (n=5)
Fatty acid composition (%)

C14:0 1.7 £ 0.2 1.9 £ 06 NS
C14:1 1.0 = 0.2 1.3 £ 0.7 NS
C16:0 22.]1 £ 1.3 233 = 1.1 NS
C16:1 8.0 £ 0.6 77 =09 NS
C18:0 96 + 1.2 98 + 0.7 NS
C18:1 539 = 1.1 520 =40 NS
C18:2 2.2 =03 3.0 £ 1.8 NS
C18:3 0.8 = 0.2 1.0 £ 0.2 NS
MUF A 629 £ 1.6 61.0 = 2.7 NS
PUFA 31 £ 05 40 £ 1.9 NS

FRSS; fresh rice straw silage feeding group.

C14:0, myristic asid; C14:1, myristoleic acid; C16:0, palmitic acid; C16:1, palmitoleic acid;
C18:0, stearic acid; C18:1, oleic acid; C18:2, linoleic acid; C18:3, linolenic acid; MUFA,
Monounsaturated fatty acids; PUFA, Polyunsaturated fatty acids.

Mean = standard deviation.
NS, not significant.
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FIE 4£TWbobAML—CELIVERMOZESL-ZEBETMROSAHEE L
IBERMFE~DEENEAEICRIETEE
18 EMOoVAIL—CELUVEROHIZRELE-REBTMROBELRES
DR
.1.1#E
BHETIX, BEMEEBSF~DAEMOOLY A L —YDREHRIT OV TH
T oo, EE®RY (20~26 » Hi#in) O4F2HWT, RGO L &5
T OB & DA GRRE EE L7z, TO/E, Efboy 1L —Yofk
FiZ, 2 IV ARZIEDOHA) A7 ZEKBTE 20 @HERH 0 . ORI
MR B E B 2720 DO EERMOMERE L TIHEATELZ L 2H LN
(L7, LavL, —MREVICH A L—VBE®ZRIE, ZRICM D Z Lick - T,
BEREORIRE 2V L. Ok ElE (PR 2 Z 5 (ORIl &HEAR 1971)
LEeRoT, AfboI A L=V ORERITESLHTHKET D2 ENEE LY
B BB L > TEREZOERD LI A L=V 2N ENT, FRNE
PR D2 ZENRBEIND, ThoDZ &b, EMboY A L—VHE%Z
'l & ZEICR O TIEZ R TOLEN D 5,

KHEEIFEEH DO L D Th D ZKEAZROBAE S TR X, JE
RN F—EENE L FEHMEE A E VA, IEERAS M =0, ik
JEBEE LTI Ky —fikAJICRIH EhTnd, LinL, AAREES~D
KD FEHIZ LD . FAOBR EHBEN WA VA O R s imEE S
OGN (Dryden & Marchello1970; #%H & 2007) X, KBanIZEZ< G EILD a-
FaZzm— LD LHRONITHTDRAAKRTOZE (ZHAKD 1995; %
H 5 2003) B"HESNTWD Z &b, AKRDEEEEEE LTAHTH D
LEZbND,
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LR CIREGE 2 H 6 UORA L, BURESRELZRIELZ 2 TH
MR SE2RAEE (Total Mixed Ration; TMR) (X, £& L CIHLAH4FDE S
MIETEHAG 58T & Lo Le (WA 2002) , £/, i4E, HIKCAEE SN D
H A BEHC R G RIFEW 72 @K o I M B 2 FUHT L 72380 TMR ORI 728 42 [E A9
CER LoD H D CRARLES 2007) . 58 TMRIIREN TE D720, KE
—IERAFRE L 2 | BB O TN E B TE, A LU BRI
I EOEAKG AR - RFABRELFAAETH D, S HIT, B TEELED
VMR E ARG IR ZTEH L CH 3R TMR 72 O IXF & OB LM Ot 2 B 17
TELREDFENH D (M4 2008) .

LR B E AR LS 5 2 K OEIG D 95.7% & & (RAKKEEA 2015d) .
L7eRoT, b boKani EOKBRIEDITEL &R FEHRE L L
THERIOAFLTWEMTH D, ARLONRERDOLY A L—U72 EDKH
RIPEY) 2 A A ZE T 1 568 TMR O ke LCRIFT 2 2 L. kB fS%Emn E
LB BERBOBLANOFELEEZ NS, LML, Zb/KHBEEIEY %
TMR O#EHE LTHIH L7256 O REBEEE ISR T 2 I5E OB & % D4t
[MER, BIOAHBEEF~OEAEMEIC O W TSN TIE R,

Z T, KHEHiITIE, BROADRAERDOOLY A L —VZBE LIEHEEE TMR O
Rt 2B 60T 2720 Akt Efb b A L— 2 RA LB TMR
L, ZOREBELESCHEZOITMMEIC OV TR L, 6T, BEM
HEBF KT 2HAEMIZONT, KD OREGEG EE 212 2 O R
TMR & | ATREL A Ak & oo & 2 ke 57 2 AT BB 23 RIX & LT

B 24T T2,
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1.2 HBLUAZE
1. & TR O 1%

(1) 52 BR AR 4 o 3R

ki & B (TDN 74%, CP11%., (&) ) 253 F. KEM. b
HBH, BXOEMDOLY A L —VFICAEAKRLNZED T 0%, 6.6%Fk LU
12.8% % & . SBHEHRE (CSa TV — 7 4 —F—; KAZHETF 20 F 7
FH) T2 MIRA L7 3O TMR 7% L7 (Table 3.3.1) . #A##% O

TMR X, 60U v VDT T AF v 7 KT LI AI, 7HEBTEEZICEE L7,

(2) *HEBBLVARAZE

FEE OB E 2~ 3B {L ¥l (Peroxide Value: POV) B XU LA =L
fii (Carbonyl Value: CV) | FEEMEZ T AEBEEICOVWTHA L, £,
R EEERET D520, FEZORERE TMR 2 %iE 2 F o — L RIRZRIC
A, BABCKEETENIC 7 HMKRE L, BEFAICHIEZHE LT,

POV B LT CV I oW T, AAakBRik - 1M (A A2 RF 2000) (ZFCH
ENTWDHEICKY, AEMEREIC OV T, Wik (3R - R 72
= 1994) XV atraR I o,

2. EXOIVPERDLLYAIL—CZBALERE TMROREY
(1) et 4 & BT %

B IR EMOKER G BTt o 2 —HEM T TRE SN TV L REMEED
4650 CF¥I AW 21.2 » Atw) ZM iz, b 282 1R e L, RBRHH%
18114 8 (BIWIM 11 7, AHH 3 B) &7 % Switch back design % v 7z 3x3
7T VT REIEIC X0 FEE LTz,
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Q) fREER,. ARETESLUVAEER

MARAL & e & R D & 2 ke 5T 2 TR BIETH D IRIX, kAl
BEEIRAERMD O A L—UHEITERLDNEZEY T 6.6% M % T L 7= 5%E
TMR Z#a 54 5 42 K27 6.6%TMR X (RB6.6%TMR [X) | ¥ X O K%
12.8% A T L7258 TMR & 8 54 2 4K 7> 12.8%TMR X (RB12.8%TM
RX) O3B AZEE LIz, FXOfEE G HAEH O TDN Z&B IO
CPEHEMITITR—IZ22 X H IR L7z (Table3.1.2) .

FEBE TMR 1T, MRz R (CS =TV — b7 4 — & —; HRAEHETF
2 UF 7 B T220m0MEAL. IR (KU =—18: EX 75 um)
A DT ANy ZIZFEDIAI R EAT o To R IS E BT L 7o, ek,
FX 2 BHOREE & Lo, SEHI. ERRERIAGEF K7 (DF-100-B; AV A > # ik
e, E5) kv, 1 H 21 (9:30 & 14:30). %4 10 kg & H 212 finf
fa b (B TMR #6 5- X103 16 kg/ B /88, SF X, Bl G kk 8 kgl A /58 & Wz A
o 2kg/H/EE) L. FEfAXE H 9:00 (2R, FHEL =,

KTV A —F =Ty AL H2BHEBRRE L, #E (AEHITY Ay B
TRt &5) TEHERE L,

ks, LR O EEHE IO W TIL, [EEBY O & K ORE 1T 5 A&
%) (BREEA 1987) 1THE - THEM L7,

AATE H T, B E ., MMk (AST. T-Cho, BUN. Glu, Alb, TP,
NEFA. A/G k. Ca, IP) . HIRMIR (T E=7MEHR) & LT,

Mm%, RERBRARTS K OE W 14 B B O EHE 581D 9:00 (2, SR 5
A~ AN BRI IR L 7o, B B o iR 133 0 (3,000%g, 30 43, 4°C)
LCifEz orfE L. odricftd 2 £ T —20°C CHUEERT LT,

E—EHARRICOWVWTIZ. V—RA BT —FT (BHETEKENSH, TR
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ZHWT, RBREAATS KOS H 14 H H OB MZICEHRILL 72, SE# O 5 ikix
EOHIZ_EHEA—ETEEL, gAY T e L,

MR HONTIE () BlidEMS@EEER Y 7 — 2o 2 KE L,
(H) BAREEAL RS E A EEERECE ST ER LEEE WS, £ —F
NERDOT E=TRERIZOWVTIE, 20TV oA OMEIBIEIC LV E&S

Mr L=,

3. #EtnE

W TMR OFEFEWE O 457 — 21, #igt/Ny 7r—2 Y 7 1 (Stat View 5.0;
SAS Institute, Cary. NC. USA) % AW T, A KD DiREEIE & By 2
K& 2 mlEIC LD 0O 21TV SWKETHEAZDKIE 21T > 72,
F BREEREEICBT 5% T — #1120 T, Switch back design % fH V7= 3x3
T TV IIRIEIC X B @ (5 H 1975) % Microsoft Excel % v C 3 L |

SN KETHEEZDMEEIT> T2,
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3.1.3 MR
1. 3B TMR 1

WEE TMR OIFEHIRIIZ. 35 BB 55 HTh o7z, pHIZ 4.1 005 4.2 L =M
RInoTe N, AEBE EICOWTIE, KO OREHIE O, HEE
BIOFBREGEENAREICHEM L, £/, BEBLOBIETH 2 POV IE, BHE
EL#% A 8~9 meq/kg, BHEI: 7 A H2Y5~13 meq/kg TH 0 . F LVWMEOEINIE
RO NoT, CVIZOWTY, BAETE®% 9~16 meq/kg, BHE#% 7 H H
23 16~25 meq/kg TH YV, ZNIZHOVWTHHELWEOEINERD 5o Tz
(Table 3.1.3) ,

ST DOFERE TMR ZFHBCIKE T 7T HEME L, iRz AE L 2 A, AXK
PP OIREEIEG N 0% OFEE TMR 1L, BAE#% 4 A B2 O MRS B Lea, A&
Kb ERE L 2 BEOREE TMR (oW Tk, #AAEHM A28 L THhiED k

LR b7z o 7= (Figure. 3.1.1)

2. EROHIOPERDLYAIL—CEEALEEE TMROZEEN

1A®HY OYEREIL, FRX I LW TMR G H XA E N> 7 (P<
0.05) (Figure.3.1.2) ., HF—HANFIKDO T =T FEEFEL ITHEE TMR
WMHEX TEWEMICH > 7= (Table 3.1.4) , MiEMERIC OV TIX, *HRXIZE
AL MR TMR X TIPREN, AEETRNS OO GV IZH - 72, BUN
BEX, WTho X b RERBIMGETO 14.3 mg/dL & i U W EM\NIZ 3 - 7228,
FEXEBAEET R PoT, TOMOHBIZOWTIX, AEEFRD LT,

WG EFEMEANTH o 7= (Table 3.1.5) .
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3.1.4EE

—WEIZFEEE TMR 1%, RIEBEO TMR &l L, FRWSEMG FIZB W T, Wik
WAL LICS WEDHREDRH D (CERM 5 2005) , AEIGHE L7 3 FEHOFEE
TMRIZOWTBE#ORMIBERIE LT-E 2 A, XD DOREFIE D 0% D3
B TMR IZBHE#% 4 HH £ CTAEKLPEZIREES L2 2 EOHEE TMR (2250 T
TARAEME A28 L CRIED EFIERO bl n oo, 2 ORI, 5 (2005)
DWERER, XN EEWMDOLY A L —V %2 RAE LIERE TMR X EZ O
AN ZE L TWAZ EEZHA LN LT,

POV IZ. A DM O Wb ZERIZB W TEHEMEDOBRWEBIH O E & b
ERLU, IMOZEREZET L5 2 THOZMEMB TH D, 7o, CV I
MO ., SMEEE, Bbid T 2B Mo RE L RS THL (A
L. 2000) . fARIH & L CltiE LTV 28R © POV 1% 0.5~20 meg/kg @
HPHIZ D 2 (FRFp AT FEVERFJE 22 1998) . HEDHFIEHI DOV T CV DL 2D
ML 20y, ALS (1982) 1FFRREKICH W S TW D B IR DE D -1y
I% 48.9 megkg TH Y, ZHICKHTLHBEEREEFEFMIDBDO N o2 L BR
TW5,

i TMR OMEHZAEK DN EZIREG T 22 &L TIREOBIEBBE RS TP,
KD E IBWRRERA L TH, POV R CV X, BEH (AL 5 1982; fl ko4t
FEUEMF R4 1998) OfE & RIRRENENLL T TH o 7o/ A K H B TMR
OMEE L TH, IBEDOMILIZOWTIEHRMERWEEZ Z iz,

Flo, BEMEILpH 2R 410056 4.2 LIRS | BB L OFRE &N & VWERE
BRbDThole, THHDZT D, AKDDITIHEE TMR OMEE L THIH
AR ChLEZx b, L LAenb, KO ZREE TMR IZIRAT 5 Z

LICX D, IREBALOIMEIC O WTIEARHARENEL . TOHEBIZHOWTIZS

40



HBORFBETHD EEXDOND,

BRDINEERD LA L=V ZEE LT TMR OREMEIZ OV THE
L7z R, KA A kL & SRR © 2 0BG 53 2 M BRIKIC I %8B TMR
XOEMEBRED P72 b BEBEMEESFTICEIT 5% TMR O
BMEITEND Z E N LN E oo, MERMEIRIZT, STRXIZH A~ HW5EE TMR
XTIPIREA®mWEMICH -7z, EHED (2007) 1XiREFEHE 5 & 8% & D
Kz LEGE kG X cmd IPRENESHEBT D EWE LT
BO., SEIORBRTHRKRGERER T, 2B E LT, KL HIziE,
M ORBFEEHIHSNTY U BREL EEN TS (B - AREEEFRA I
MR 2010) ZENBELIZEEZ LN,

kN EERD LY A L — U % 5EE TMR OMEE LTI L 72 5B TMR
%, BELE LR T, AHEROHKERD 2L, REMEES T OREME
WENDZENG, AR EEMDLY A L—0%, BB TMR O#EHE L
THRAMETHDL ZERHLNERoT2, LM LAERL, Xkt Efbb
A L=V ZIREG LICHEE TMR ZJEEHEICKH G LIEREITHOWTH LT

X2, TOREBIZOWTIEIE 28 THRIET S,
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3.1.6 EH

KBDINRETRD LI A L= 7 EOKBHMAE TAF LT WIKHEIEY TG
MUZZAHREEFm TR TMR OFE - i 58 2T 5720, AXKdan
EERMDOY A L= 2B TMR OMEHE LTIl L, BEIERIZKT D5

B REME., BLORMNZEE L IEEFRMBENHEESFOR M
DOWVWTHAEZIT- T,

ZOREHR . W TMR IZAKRD ) Z T 13%RREREEG L Tb, HE OB
N7, EEEME S R T, HEZOMENEN LIS WERERER TMR 2
M TELZ R ONERoTc, £, BREMEESFOA KL ERmD
bY A L —UEREEG LICHEEE TMR OFEMIL, TRE G B & iR 5 %

SRR G T OBITHR BIELIVEND ZERH LN o, LEDZ Eb A
Koam bt Efb oA L— 33 TMR OMEE LTRIHAIRETH D, BE
LB OFEREETh D AlREMEN RIE I T,
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3.1.6 @%

temperature(°C)
8 — ambient temperature
Rice bran 0%
30 Rice bran 6.6% TN
e Rice bran 12.8% \

15

0 1 2 3 4 5 5 . 3
Days after aerobic exposure (Days)

Figure. 3.1.1 Changesin temperature of fermented TMR after aerobic exposure

RB O%TMR : The fermented TMR was compounding 0% rice bran.

RB 6.6%TMR : The fermented TMR was compounding 6.6% rice bran.

RB 12.8%TMR : The fermented TMR was compounding 12.8% rice bran.
These data are the average values of three iterations.

Rice bran 12.8% group was exposed to the aerolic condition from Day 2.
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12.0 -

10.0 -

8.0 A

6.0 -

4.0 -

2.0 A

Dry matter intake (kg/day)

0.0

Control RB6.6%TMR RB12.8%TMR

Figure. 3.1.2 Dry matter intake of fermented TMR in Japanese
black steers (20 months old)

RB6.6%TMR: The fermented TMR was compounding 6.6% rice bran.
RB 12.8%TMR: The fermented TMR was compounding 12.8% rice bran.
These data are obtained via comparison using 3 X 3 Latin square
(switch back design, preliminary period 11th, examination period 3rd)
The differentletters (a, b) denote significant differences (P < 0.05)
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Table 3.1.1 Composition of feed ingredients and chemical composition of fermented TMR
(An examination of fermentative characteristics of TMR)

Compounding ratio of rice bran

0% 6.6% 12.8%
Ingredients (% DM)
Rice bran 0.0 6.6 12.8
Commercial concentrate " 63.4 55.8 51.0
Wheat bran 13.0 13.1 12.6
Soybean meal 2.8 2.8 2.7
Fresh rice straw silage?’ 19.5 20.1 16.9
Rice husk 1.4 0.0 2.6
Calcium carbonate 0.0 1.5 1.4
Chemical composition (% DM)®’
CP 13.3 13.2 14.3
EE 3.3 4.4 6.8
NDF 29.5 28.9 31.2
TON 73.5 73.4 73.5

Each experimental TMR was mixed with water so that the moisture content was approximately 40%.
These TMRs were sealed in 60-L plastic drums and stored for 7 weeks.

CP, crude ptotein; EE, ether extrct; NDF, neutral detergent fiber; TDN, total digestible nutrients.
CP 12.8%, EE 2.3%, TDN 84.1%/DM.

IThe fresh rice straw silage was stored for 11months. (moisture 61.1%)

9Crude protein, crude fat, NDF analysis value. TDN was calcurated using Standard Table of Feed
Composition in Japan National Agricultural Research Organization (2001).
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Table 3.1.2 Composition of feed ingredients and chemical composition of fermented TMR
(An examination of feed intake in Japanese black steers)

Control RB 6.6%TMR RB 12.8%TMR
Ingredients (% DM)
Rice bran 0.0 6.6 12.8
Commercial concentrate " 66.7 55.8 51.0
Wheat bran 13.3 13.1 12.6
Soybean meal 2.9 2.8 2.7
Fresh rice straw silage 171 20.1 16.9
Rice husk 0.0 0.0 2.6
Calcium carbonate 0.0 1.5 1.4
Chemical composition (% DM)?’
TDN 75.7 734 73.5
CP 13.1 13.0 13.1
NFC 46.7 41.4 39.5
EE 2.5 3.8 4.9
Ca 0.3 0.9 08
P 0.4 0.6 0.7
Moisture (%) 12.1 40.0 38.2

TDN, total digestible nutrients; CP, crude ptotein; NFC, nonfibrous carbohydrate; EE, ether extrct; Ca,
calcium; P, phosphate.

CP 12.8%, EE 2.3%, TDN 84.1%/DM

2>Compositions were calcurated by using Standard Table of Feed Composition (Japan National Agricultural
Research Organization(2001)).

RB 6.6%TMR : The fermented TMR was compounding 6.6% rice bran.
RB 12.8%TMR : The fermented TMR was compounding 12.8% rice bran.
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Table 3.1.3 Organic acid content and lipid oxidation of fermented TMR

Compounding ratio of rice bran

0% 6.6% 12.8%
pH 4.1° 4.2 4.2°
Lactic acid 2.1° 3.0" 3.6°
Organic acid content (%) Acetic acid 0.4° 0.7° 1.48
Propionic acid 0.0 0.0 0.0
Butyric acid 0.0 0.0 0.0
Peroxide value After opening 9 8 8
(meag/kg) Seven days after 13 9 5
Carbonyl value After opening 16 12 9
(meqg/kg) Seven days after 25 20 16
Moisututre (%) 385 38.3 38.9

Organic acid is expressed on a freshmatter basis.
This data was average value of 3 iterations.
The different letters (a, b, ¢c) denote significant differences (P < 0.05).
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Table 3.1.4 Effects of feeding fermented TMR on blood components in
Japanese black steers

ltem Unit Control RB 6.6%TMR RB 12.8%TMR
AST U/L 828 =+ 36.0 555 + 110 58 = 81 NS
T-Cho mg/dL 192 £+ 236 201 £+ 233 213 = 286 NS
BUN mg/dL 169 £ 29 164 = 22 181 £ 23 NS
Glu mg/dL 712 £ 2.1 70.7 £ 34 703 = 44 NS
Alb mg/dL 36 = 0.2 3.5 = 0.1 35 = 02 NS
TP mg/dL 6.9 = 03 6.8 = 0.3 6.7 = 0.2 NS
Ca mg/dL 95 = 03 9.7 = 03 94 = 02 NS
| P mg/dL 7.7 £ 06 81 = 0.7 84 = 09 NS

AST, aspartate aminotransferas; T—Cho, total cholesterol; BUN, blood urea nitrogen; Glu,
glucose; Alb, albumin; TP, total protein; Ca, calcium; IP, inorganic phosphorus.

RB 6.6%TMR : The fermented TMR was compounding 6.6% rice bran.
RB 12.8%TMR : The fermented TMR was compounding 12.8% rice bran.

Mean =+ standard deviation.

NS, not significant.
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Table 3.1.5 Effects of feeding fermented TMR on
ammonia nitrogen concentrations in the rumen fluid of

Japanese black steers

n ammmonia nitrogen (mg/dL)
Control 6 74 £ 23
RB 6.6%TMR 6 120 £ 2.1°
RB 12.8%TMR 6 130 £ 45°

RB 6.6%TMR : The fermented TMR was compounding 6.6% rice bran.
RB 12.8%TMR : The fermented TMR was compounding 12.8% rice bran.

Mean =+ standard deviation.

The different letters(a, b) denote significant differences (P < 0.05).
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2 BERMEADEWHOOFSAIL—CBELUEROIEFEALE-RE TR
DEENERNEICRIETHE
.21 #%§

%1 HIiTIE, KHRIED THLEMD LY A L—U LA KD ZHEHE TMR
OMELE LTHE L, IBERESCARBRE ERL XV, EFRHEEME LS4,
DEFEBEMEIZHONWTHEF Lz, TORE, EXOQPZES L TWRWVIER TMR
EHHE LT, JEEE TMR ICAE KL 2T 13% R EIRG L THIEE Ok
L, BB ENMAEICE S, RN ZERICEND Z LREBMEES SO
WIEREIIESWZ ERALMNE o, L LR 6, ZO%EEE TMR 25
EAMEERFOREHMICHE S LIeEEBIZ O W TIEH L2 TIE RN,

T ZTAREITIE, Ao A L= K ZRE LIZ%EE TMR 0 &
EMEESF~OFHMEEEDL 2D, BEHMY (20~26 » Hl) OF%2H,
ERobH A L=V RE L EKQDPORAHIEZE X7 2 B OB TMR
O ERB AR L, R, B, MR, B X OBREEIC IET R

(ZOW T EEBRFT L 72,
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L22MHBELUVAE
1. R4 LERRES
IR EMOKPER G Bt v ¥ — & FERF R AT TR STV D Al Rk A&
RETDHEYHm 202 » Ao BEBMMBEESS 10 2 LKL L THW,
B OB XX, AR ZYT 5%EE L% TMR X257 5 5%
X (RB-5%TMR [X) & 4Kz i h 10%EE L7z 10%X (RB-10%TMR
X) ®2XKzZREL, FKIC5HTORE LT,
AREBRHIEIX, EEZRMICHY 325 20~26 v HlED 6 » A& LT,

2. BEBREIH

BIEfENT., TR AL (TDN74%, CP11% (JF#H & &E)) . EXV K
Z, 57T FE. BROAKL, (REIE, SILRE) W, ML, Sl
WATAEINTZATRbo YA L=V bRl e, Afbb A L —
DL, BAKGHE Tae V)] OXNDERYYEAIZ, hba PHETICHE
Ar—/)L_X—F— (SR1230; HhxttZ h ¥ ¥, =&H) THIRL YA L— 5
"HL7eborzHniz, bABRLIE, BIHEREN IJA OB P —2 L _X—F —7»
SHEH SNt o E v,

F 1 TMR O BT, A& fDRHEORE 2 fBHE#RBE (CS a7 ) — b7 ¢ — & —
Rt FavF 7 ) T 20 HEEEGH, T A2y (05 m®) W
O (AU =—18  JEX 75um) 124K 250 kg & A L. ZEEIRRE T,
2 @M ~12 A RN TR L7= (Figure. 3.2.1) ., 3¢/ TMR O ¥ B DR S
FIEITHWE 20% & L, TMR 10 TDN & &8 L O CP & &O R FHE % Al —1
T2, 10%XD TMR (21X, AR L E2EMI T 0.9%RG L7, Zbi
BR R DAL FE B BRI DWW TE . BEERE RO R A B A IR D& | B ALY
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Rl B Ay 7 (B ZEHINAFZEH8AE 2001) Ik W EH L7= (Table 3.2.1) . F£7-.

HEETMR O K3IE, 45%I272 D L9 ICMKEEZRE LT,

3. FNKERAESLURRER

a4 1T, A 2 BARWL 3 BHOREA & L7, SBHE. AR K7
(DF-100-B; A U # gtk A4, RE) (XY 1 R 2 (9:30 & 14:30)
WHEET20kg fa 5 L7z, ZREAIZMH 9:00 IZEIN, & L7,
HAKF Y+ —F—Hy FICLDEHERE L, IRAFETHAAD I (EF
ATANy; BARARETEKRASH, @8) FEHERE L,

k. ERFOEBEHRFICIOWTL, [EXHYOMGELOREICET 5K

e (BREEAE 1987) ZHt» THEE L 7=,

4. AEHEE

MEFEESLUHMERE

REIT, 2 @M ICFBHG 5o 9:00 ICHIE L7z, fEHEIEIX, K5 &L
REENOEAREH L, 7o, SPBHERERIIEEHE R EZ AR TRL TR
L7,

(2) I ERDERE & P 52

Mgk, REBRFAMGEE S 4 @IS, FEHS BATD 9 1 00 ITHHFRR B~ /3
U A BEZERME &2 AV L 7o, BB O Mk, .0 (3,000 xg, 30 47,
4°C) %, IMAEE AT AT 2 F T —20°C THAEIRTE L 7=,

ISHEB R, VF ) —A, a-h a7 zw—, —fER4S (AST. ALT. TP,

Alb, BUN, Ca, IP, T-Cho, TG, Glu) & L7, VF/—/, o-bha 7z —
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VEBIZOWTIEEEBEKEA 7 v~ 777 0 — (Fitig: SPD-10AVvp; BEX%
FEEERAERT, 53 XV aEFERL (AARAE X I %2 1983) . —fik
FRATIZOW T (fE) EIIHEMSEEER Y ¥ —I2B T, () B AR
b5 R EEE ISR SWCER LZEZ VWi,

QE—BEHNER
FHoEHNARIL, O T =72 A0, RMRICERR L, SRBRLEHE—
BNARIZ2ET—ETREBL, 77 AEMpH A — &% — (F-52; Bk &HE 5

BERT, WE) ZHWTIRIEO pH Z2HIE L7,

A BEADOEMES & UVHRRES O S

A O IT., () BLARREGE Y2 —I2B8 T (Ath) HARBWE
MHEOFERAERGIEEIZ LD S0 v, M40 %., MR
(57 hEH) 8B LE0b, HEEEL, SHTICd 5 % T—20C CHlAs
RIF L7, BT, EREKSE Ra-ha 7z —E&EE L, B
BALRRIZ DWW TIE, S FILEEY TN EAF LV AT AR, A7 a~
7T 74— (GC-14A; BEASHBEREF., =) 2 X v #HlE L7 (Folch
5 1957), a- b2 7 =z m— LG RET, MEREK 7 v~ b7 T 7 (4 RF-535;
RS BRI R (I k0 JE W EE AN B AR S0 #T & > % — 2001)
L7,

(5) g4 D AL 53 53 4
fah L7238 TMR LERER O Y 7 ik, —MRoHriE (B & Rk & B SEAm A

je& 1904) ICHESXHMERERE Lz, E2. REWBHO BT LG
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sl Na-bavze—Eg&ElX, K/ n~ 777 40— (LC UV—7
AT —3 =3 CLASS-VP, #iH %% SPD-10AVvp; &tk Bil/E, ) 12 X
DHIE L7 (dbygiE ScAR IR ERER Y. FAE), FE TMR @ pH X, fliHiK %

M 7 2 &M pH A — & — (F-52; BRI 5 RERT, 5088 THIE LT,

(6) H e+

BonleT —ZIZ oW TIX, #at Sy —Y Y 7 K~ (Stat View 5.0]; SAS
Institute, Cary., NC. USA) Z H W T2 FEhE Lz, 58 5 8H %
KT & L Bmii a1 TV, ARENSRD bNIZHA ORIE % Fisher @ PLSD
EEHAVSNKETCHBEEDREEITo T2, B HEAEED > H BMS,B.CS.,
B L OV B.F.S.IZ2 W TlE Mann-Whitney @ U #: € Z IV 5% /K% TH B Z DR E

AT o T,
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.23
1. fAHENRE, hE. AEFES L URABPERE

EEMMhoRE, wwERE, HEEE, X OEEZREZL Table 3.2.2
W2 LTz,

W ALER XAZ 31 2 s BRBHAARF 3 K VAT RE DR EIC 21T e o 72, 1 B YT
D ORERELY 1y AEIZHRT D & 20~24 » HilwlZs T RB-10%TMR
X23E < (P <0.05 ## L (Figure. 3.2.2) . BRI 2ATiX, RB-10%TMR
X 73 RB-5%TMR X L 0 & EIZHE o7z,

HH# A &1L, RB-10%TMR X7 RB-5%TMR X % L[]~ 7= (P < 0.05) 2%, Wi

XD FRBER R EITBO bR o T,

2. ¥BTMR O pHH L UVES2 I VEE

B TMR @ pH X, RB-5%TMR 7% 4.4, RB-10%TMR 78 4.3 TH 0, Koyix
WY 47T%TH - 72,

B-eTrrBLWa-h a7 =v—/LE&EIX.RB-5%BTMR 23 % 1LE 11 3.8 mg/kg.

48.7 mg/kg. = L T RB-10%TMR Ci% 2.9 mg/kg.41.1 mg/kg C & - 7= (Table 3.2.3) ,

3. mEHERK

TR O — {43 12 DWW T ik Table 3.2.4 12, B 4% 2 (2> T Figure.
3.2.3 1R LT,

— IR EIZ OV TIE, WTFROHEBIZOW TS XEIZZITE D bz
Sfc, MK E BT, RERBAMGKFD 20 » AlwlZ~, T-Cho JREE, Glu iR, B
FONTG RN 23 » HilE & 26 » Al m < H#EB LT,

Mmoo LrF ) —LBrIRa-ba 7o — LEEIT. WX EEREE TMR G
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HE#RICERLTHERB LD, KEICX2E2TRO AR T,

4. E—BREHEHER
BORBIC X 58— HNAEO pH OHEBIZ >\ T Table 3.2.5 12w L7z, #

BRI ZEC I NoX S pH7.0 Al THER L7z,

5. HARE. BERFPOEHBREMRS L Va-FaJz0—ILEE
MXKICB T HEAER, MgRHEms, To0FES, RTENOES, ¥
FYEfE, B.M.S., B.CS., BLV B.ESAZEEFRD NN oTo, AT A4
PLEo8EHIE, RB-5% TMR X7 3 88, RB-10%TMR XX 58HTH Y | bW D
EWlEnsd 4 EHo EOEIE D RB-10%TMR X TEVMEMIZH - 7= (Table
3.2.6),

W e B i o D RENIBEARL R IZ DWW T b IXH &1L 22> 72 (Table 3.2.7), F7-.
MEEHTO a-ha 7z —EEF, WX ED 1.3 mg/lodg TH Y | AL L

~ LT - 7= (Figure. 3.2.4),
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3.2.4 %%

F3ELIHEICEBWNT, KADLSERDL A L— VI35 TMR OME L L
THAMETHY ., ZhbZIRA LM TMR ORAEIX, A &R &
WO O 2 DM 5T 0 EITRBIELVEEDL Z EDRHALNI -T2, L
Lo, IBEEHMICHEE LCEEICO N TEHA LA TIE R WD, REI T
JEE%W (20~26 » Alr) OFZ2HWIka 5B A Eht L. IEF Ak S ik
WE L ORI OV THE L7,

bbbV AL —U L AKDNZIESG LICHEEE TMR O )48 BU&E X
RB-5%TMR X 7% 8.98 kg/H 3 & T8 RB-10%TMR X 7% 10.31 kg/H TH v |
RB-10%TMR K CTHEIZHE £ -7, AOEZWEBIEIL. RB-10%TMR Xl
WT 20~24 » AlICB W TESHB LS WX &b RBRIMAE U Ty E
RMEDKTIFRD IR o T,

FOEBRNTEZ I ARRRT DL, SHERECHAEANMET T2 L3N
TW% (LW LA E 1986; EEFEEREWRHAEEERH= 1999), 5 (2001)
X, BEMEESTSAOYBRET, MR e I ARE2 50 1U/dL BLTF 2
HWFIERT LIS, 30 IU/MML 2 TES ERBICIET T EMEL TS, K
WEFEIC B W T, MEF L F 7 — VIR, RBRBAGARRIZILM X & b B IRAY IR 5
#PHO FIRMETod 2 50 UL FREE (V6 5 2001) Th o7y, 21 » A lwLLE,
REBMMA®BLCHKX E D 100 1U/dL UL ETESHER LT,

AR TR G L7 TMR HIZE, XYV RV EZOMD L Z TiE I
ALV—VHBLIEARDLYA L —VERAE LTS, FONETHIBRTN,
AEMOOY AL —ICE T o eI ATHD, p-I T o RNELGaEn T
5, ZDd, BB TMR FICIRAE LEZAEWMDOLY AL —VD B-Iu T %K
e, MiEFLF —VREPESSHB LB 2 60T,
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/

Fo, MR GluBEIX, TXAF—DBAERA ML RAICIVERL, i
MERELEBEROOE >THL (REFXEEEDHAEREHS 1999), WM
X &b MAER Glu IR 2SRRI E R EO N CHER Lzoix, sU5R MM 2 @
L CHMBIRENZEMICER Lz EHE I,

M4 R T-Cho 2 B2 1, s BRBH 1A BF D 20 » H s BF2Y 150 mg/dL B2 E TH - 7= D
LK S b R ER O BB I £V 200 mg/dL BT THER L 7=, i o> T-Cho
BEL, =3V —FBREEZXBT LSO TEY (Kronfeld 5 1982) | A&
MR BN T i EIREOH N L ER/ Lz, £/, miEH o T-Cho &
X, fEtFROREME &ML EFE T 0w I#MEDNH DD (Nestle
1978) . KMFZEIC BN TIE, KRB ORAFGIC LD EZITRO bR l,
F7-. MH O T-Cho BEIXEE %M T 130 mg/dL DL EZ#EFFT 2 & JEF ROk 2
M35 LoWMENH L (LD 1999 ; REFE S G EYHE AR SRS 1999)
ARRBRIZIB WO THEATT RN T 4 FERU LoD, RB-5%TMR X T 3 8,
RB-10%TMR X TS5 8L 72 0 | AEHY & HARWERREL ST BT,

AR L (2006) X, BREMEELBLORELER6 » AR E71X 12 » H BB
Kan a2 R EFEG 5 'O S%IRINEE L THBEMOGE & ik L, ##IC
o B EHE R B ARS I E T R o LA LTV D AN T,
A KD DOIREFIE N2\ RB-10%TMR X2 #2#)8 I E & H R &N
RB-5%TMR X LV b < o ZRIAICOWTIEARHTH D A% ORFFRE T
bHoHEF 2B,

AST XM EORE L L THW LN TE Y | JBFE 4TIk 100 U/dL BL EA

REELE SN TVWD (RERSSEDRE /LR EH S 1999; 2 H 2011), AWF5E
(3BT OAST LA BA 4617 0 20 » H s 23\ T RB-5%TMR [X.%% 100 U/dL,

RB-10%TMR X723 80 U/dL f2)E TH o> 7=, ARERPAEZ 1TV T o X $ 60 U/dL
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FEEECHER L. BFEMHEE ST EEIT VR 7,

BUETHIRAZN, MFEFBLIOHREF O a- b a7 2w — L& &L, ik
WINAE G OB X o> THMT 2 2 LR E SN TWD (ZHAD 1995;
Yang & 2002; &K 5 2004; JE/Kk B 2005; [KNE 5 2007), AWFZEICIB VT, I

T ae-bav7oo—VREX, VF ) —VBEOERLEFEEE, KBRMZ®EC
T 1,200 pg/dL UL ECEm<< R L, £/, MEEHTO a-ba7z2mr—1L5g
BiX. RB-5%TMR X235\ T 1.27 mg/100g 35 & T8 RB-10%TMR X 7% 1.31
mg/100g T& v | KA O Jl5 E AL O J -0 N & O R FF DR 2345 TE % 0.35 mg
/100g LL | (S AR 1996) D& BENE T Tz,

Ak or s I E SR (YY) 1X 66 mglkg &, it o BEHEE & bk
LEZLEENTWVD (B - BMPEEBINR Ao 2010), Las L. AWF
ZEDRERTIT, KRB DRAESGOE N L 2ME T a-F 37 =0 — LR
DEFTRD LN o Tz, REIZBWT, P o-F a7z —LRENEL
B Lz, BOEOHK RFMK, BB TMR PIZES LIZERDLY A L —

LV o bhavza—npNEanizizcbtEZBZL o0, LN T, AR
DOV AL —=URE KD EIRAG LIEREEE TMR Z AT KRG T2 &
. FAF D o-Fa7zn— L z2Em05TFELELTADTHY, FROIRERE
LOIMBEISLHEDRFENREBHFETE D LB DN,

WO RE ORI IL, ARSI BBICESEBMAENER/RL TNE, Lo
L. %7 B2EMAE ) IdEs (2007 FEBRME) 226, IEN M2 & o B
A, NEWEEE D X O RN O BN FEELEO O L Lo TE Y| AJE
BT, BoBEZR LSEL8EEBHMTOMBERRDOENTWND, FRORE
PRYEIZRE IR DB 5N R E W & S, A LA V7R & o —Ali A fa Fufig iz
IZJEE L L PEICB 5 L Cuwbd Z & (Dryden & Marchello 1970) <. #afnfig Ik
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BEENDLR VA VEBEEN SV E RN R < 72 5 (Westerling & Hedrick
1979) tOWMEN DL, o, FRAPOMEIEEMKIX, 5 EEHCEREZ ST
HZEHLHMBNTVS (Melton & 1982; Marmer & 1984; 4 5 1989; AK&f 5
1996; Mandell & 1998), #H 5 (2007) (X, BEME LS4 0 11 5 Hiwh o
28 » Al IR RO 8% D K da i ifsilic A LA BRSO ARG
BB EHELTWD, L, REFRICEW T, WKkERD S OIEN
FRALA I EIL R Do T2 2 2D, 6 v HIHOKEHIRH TIX, KA DRAHE
DA K DIEMBEAM RIS T 2 BT ot B X b,

— AR E R, RIEEB A ZHE SN DT OE - FBNOpHN IR T L,
NW—=A TV R=VARFEALRLTWVRIICH D, IEFHT VT, HE T
FEFZLLTID S, HRAMEICZ AL — AV NOEFEEZESTZDICHEEG SN
% (UMR52016) , AFERTIL, BHORBUIC X 2 B EZ M E L7TZpHTIZH 278,
WTNORX S HE—BNEKpHIZ, RBRYIH 2@ 0 T RERZH;IRNoT, Z
OB E LT, TMROBEEEIZT 5 Z & T, WIZ— O MR L THRBHEEN
TEled, pHORERIE TR EZ VI ot EHEE I LTz,

W BER TEME ST D RE SR AR O Sy BERS 5 k. BRI A
—EOFETERI L LIH L, HEER -ELARVWI ENREEL, %
BORABAEOIT S 2EZ2ETRT W (@b 2006; HH S 2008), TMR I,
—EOHBEL THRICERIESZ L T& 5 (FE 1985) 72w, filkHE BUE 4 Y
RS, BELLCHEEOHKRIZ L DAEENEDM LR TEE 2D | RSB DL
B2 L LR TELRGEFTHLEEZAOND,

PLEDORERNG, b oA L —Y EAKLDLEZIREG LB TMR 13,
BEMEEBFORBEHYICHY TS 20~26 » AicsiT 5k E L THIA
AR TH L EBEZ LN, SHIZ, BX I ARZIEICE KT 5 & EHE IR K
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TOVRI7ZEIBTES ) 2 FRATOFBEEREL ST L L BIT,
FE—HNO pH ORWMBRIK T 2B <2 &R TE D AREMN R I LT,
Lol n, BEMEORE CIE, 16~21 » AMOEFEFHIice ¥ I A
DgGEZHIRT 2 Z LI XM Z &S0 L EWETEN —KIIIThb T
W5, EfboY A L=V KRR ERA LIZREE TMR ZEEHF N6 O
RHIMICHE > TG T 28546, iR LT —LRENESHE T 22 L 038
ESIND720, EZMENMET L, WENEAT I Z LB EIND,
ZIT, BINETIE, Afbo VA L —U LA KN ZIREG L2RKEE TMR
ZEEHHIRTICHB L, 14 » Hil» o 26 » HilnE TOIRE T # 5% 1~

D12 » AR ORINCIE > THa G LT BIZ O W TRAEET 5,
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3.2.5E#

KHEEIEY OB E REMEESF~OFAMELEDL 2O, Efb oY
A L= EEKRDDEIRA Lz 2FE O R EE TMR(RB-5%TMR & RB-10%TMR)
ERB U EBE RIS Y T 5 20~26 » A i O REFIE LS ~DHEETMR
BERBRAE Em L, MEEEICR T 2 E R, B, MRMER I Z OBA R
E NNy EIC

JEWE TMR O o8 B E I X & b BRI ] 2 8 U T 8 kg/ H LA E TR IERIIC

NN

BIZHOWTHBERT L 72,

AN

HeBs L7z, Ak 0 REAEIA A% RB-10%TMR X3, RB-5%TMR [X X ¥
b RS AR BN & o T,

Fo, EBEETMR 28 IRL2FomfEF v ) —ViREBI O a-Fa 7z
— VIR EE T X & b BRI 28 U T, £ 41, 100 1U/dL ¥ L O 1,200 pg/dL
UETEm<HEBLEN, EXRADPDEGEHGIZIDEITRDO NIRRT,

MEEHFO a-ba 7 xw—EEIE, FRORERELOIMH S A OREE
SRS TE 5 0.35mg /100g LA ET (A 1996), BN EDAERED LY A
LU ERERIEOEENE T T\,

LEDOFER G, ARbo YA L —Y EAKONEZIRES LTE%EE TMR 13,
JEE#ZB OB GEEE LT, FIARAETHLZ EnH Nt o7,
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3.2.6 &%

Figure. 3.2.1 Preparation of fermented TMR under anaerobic condition (left) and
fermented TMR after opening (right).
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0.0
20~ 21~ 22~ 23~ 24~ 25~26

months of age

Figure. 3.2.2 Changes in dry matter intake in Japanese black steers
during the fattening period

Rice bran 5% TMR; The fermented TMR is compounding 5% rice bran (1)
and Rice bran 10%TMR; The fermented TMR is compounding 10% rice
bran(M).

Each point represents mean & standard deviation.

The different letters (a, b) denote significant differences (P < 0.05).
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Figure. 3.2.3 Changes in plasma retinol (left) and « —tocopherol (right) content in Japanese black steers during the fattening period
Rice bran 5% TMR; The fermented TMR is compounding 5% rice bran.

Rice bran 10%TMR; The fermented TMR is compounding 10% rice bran.
Each point represents mean + standard deviation. The different letters (a, b) denote significant differences (P < 0.05).
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Rice bran 5% TMR Rice bran 10%TMR

Figure. 3.2.4 Effects of feeding fermented TMR on « -tocopherol
content of the longissimus thoracis muscle in Japanese black steers

Rice bran 5%TMR; The fermented TMR is compounding 5% rice bran.

Rice bran 1T0%TMR; The fermented TMR is compounding 10% rice bran.
Each point represents mean £ standard deviation.
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Table 3.2.1 Composition of feed ingredients and chemical composition of
fermented TMR

Rice bran 5%TMR Rice bran 10%TMR
Ingredients (% DM)
Commercial concentrate 52.8 40.5
Wheat bran 3.5 1.7
Barlay 17.5 26.3
Rice bran 5.3 10.6
Fresh rice straw silage 20.0 19.1
Rice husk 0.0 0.9
Calcium carbonate 1.0 1.0
Chemical composition (% DM)?’
TDN 74.9 75.2
CP 11.0 11.1
NFC 42.7 42.4
EE 4.0 4.8
Ca 0.7 0.6
P 0.5 0.6
Moisture (%) 45.0 45.0

TDN, total digestible nutrients; CP, crude ptotein; NFC, nonfibrous carbohydrate; EE,
ether extrct; Ca, calcium; P, phosphate.

Rice bran 5%TMR; The fermented TMR is compounding 5% rice bran.
Rice bran 10%TMR; The fermented TMR is compounding 10% rice bran.

DTDN 84.1%, CP 11.9%/DM

IThis data was calcurated using Standard Table of Feed Composition in Japan National
Agricultural Research Organization (2001).
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Table 3.2.2 Effects of feeding fermented TMR on feed intake, growth
performance, and feed conversion in Japanese black steers during the fattening
period

Rice bran 5%TMR Rice bran 10%TMR
(n=5) (n=5)
Dry matter intake (kg/day) 8.98 + 063" 10.31 + 0.49°
Initial body weight (kg) 515 = 37 519 = 28
Final body weight (kg) 650 + 48 673 + 32
Daily gain (kg/day) 0.75 = 0.08° 0.83 + 0.06?
Feed conversion 121 £ 141 126 = 1.6

Rice bran 5% TMR; The fermented TMR is compounding 5% rice bran.
Rice bran 10%TVMR; The fermented TMR is compounding 10% rice bran.
Initial body weight; 20 months of age.

Final body weight; 26 months of age.

Mean =+ standard deviation.

The different letters (a, b) denote significant differences (P < 0.05).
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Table 3.2.3 Moisture, pH and vitamin content in the experimental diets

Rice bran 5%TMR Rice bran 10%TMR
(n=12) (n=12)
Moisture (%) 471 £ 1.1 471 + 1.3
pH 44 =+ 03 43 = 0.2
B —carotene (mg/kg) 38 =+ 07 29 £+ 10
o —tocopherol (mg/kg) 487 + 104 411 + 6.6

Rice bran 5%TMR; The fermented TMR is compounding 5% rice bran.
Rice bran 10%TMR; The fermented TMR is compounding 10% rice bran.
Mean = standard deviation.
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Table 3.2.4 Changes in blood components in Japanese black steers during the fattening period

20 months 23 months 26 months P value
ltem unit  Rice bran 5%TMR Rice bran 10%TMR Rice bran 5%TMR Rice bran 10%TMR Rice bran 5%TMR Rice bran 10%TMR
Diet Months  Diet X Months
(n=5) (n=5) (n=5) (n=5) (n=5) (n=15)

AST u/L 1086 =+ 46.9 746 =+ 239 522 =+ 54 560 *= 6.1 564 + 6.8 572 = 44 0.250 0.001 0.118
ALT u/L 194 £ 39 210 =+ 341 204 £ 2.7 236 = 46 218 £ 26 238 *= 36 0.086 0.249 0.866
TP mg/dL 71 £ 03 72 + 03 66 = 0.1 68 + 04 64 + 02 6.5 + 0.1 0.167 < 0.001 0.936
Alb mg/dL 37 =+ 0.1 36 £ 0.1 36 = 0.1 37 + 03 36 = 0.1 37 + 02 0.167 < 0.001 0.936
A/G 1.1 = 0.1 1.0 = 041 1.2 £ 00 1.2 = 0.2 1.3 £ 01 1.3 = 041 0.333 < 0.001 0.726
BUN mg/dL 169 =+ 34 174 £ 33 148 £ 18 143 £ 26 142 £ 16 135 £ 15 0.810 0.017 0.829
Ca mg/dL 96 =+ 02 99 £ 02 98 = 03 96 + 05 96 £ 02 95 + 03 0.772 0.487 0.298
| P mg/dL 69 =+ 02 65 £ 12 68 =+ 08 74 + 1.1 69 = 07 72 + 07 0619 0.568 0.364
T-Cho mg/dL 1464 + 325 1566 £ 279 2124 £ 370 206.2 £ 438 2156 £ 223 2174 £ 186 0.868 < 0.001 0.845
TG mg/dL 296 =+ 57 254 + 89 348 + 99 390 = 78 39.0 + 37 378 = 3.0 0.876 0.003 0.409
Glu mg/dL 706 =+ 29 710 = 76 804 £ 30 786 =+ 8.1 746 £ 15 780 £ 6.0 0.740 0.005 0570

Rice bran 5%TMR; The fermented TMR is compounding 5% rice bran.
Rice bran 10%TMR; The fermented TMR is compounding 10% rice bran.

AST, aspartate aminotransferase; ALT, alanine aminotransferage; TP, total protein; Alb, albumin;

cholesterol; TG, triglyceride; Glu, glucose.

Mean =+ standard deviation.
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Table 3.2.5 Effects of feeding fermented TMR on pH in the
rumen of Japanese black steers during the fattening period

Rice bran 5% TMR Rice bran 109%TMR

(n=5) (h=5)
20months 711 = 025 718 =+ 062 ns
23months 7128 =+ 034 727 =+ 034 ns
26months 701 £ 0.19 6.96 =+ 016 NS

Rice bran 5%TMR; The fermented TMR is compounding 5% rice bran.
Rice bran 10%TMR; The fermented TMR is compounding 10% rice bran.
Mean =+ standard deviation.

NS, not significant.

71



Table 3.2.6 Effects of feeding fermented TMR on carcass traits of Japanese black

steers during the fattening period

Rice bran 5% TMR

Rice bran 10%TMR

(n=15) (n=15)

Carcass weight (kg) 4119 =+ 348 4265 + 237 NS
Lib eye area (cm?) 508 =+ 7.1 528 + 58 NS
Rib thickness (cm) 75 £ 08 74 £ 03 NS
Subcutaneous fat thickness (cm) 24 + 06 21 £ 02 NS
Yield estimate 737 £ 09 740 £ 09 NS
Beef marbling standard score(B.M.S.) 64 + 23 70 £ 1.2 NS
Beef color standard score (B.C.S.) 34 £+ 05 36 £ 05 NS
Beef fat standard score (B.F.S.) 3.0 3.0 NS
Quality grade 42 4+ 08 44 + 05 NS

A5 2 2
Meat quality grage (n) A4 1 3

A3 2

Rice bran b%TMR; The fermented TMR is compounding 5% rice bran.

Rice bran 10%TMR; The fermented TMR is compounding 10% rice bran.

Mean & standard deviation.
NS, not significant.
Carcass score graded by Japan Meat Grading Association.
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Table 3.2.7 Effects of feeding fermented TMR on fatty acid composition of
the longissimus thoracis muscle in Japanese black steers

Rice bran 5% TMR

Rice bran 10%TMR

(n=5) (n=5)
Fatty acid composition (%)
C14:0 1.8 = 0.2 1.8 £ 04 NS
C14:1 1.0 = 0.1 10 + 02 NS
C16:0 234 =+ 0.8 224 X+ 1.7 NS
C16:1 75 £ 06 7.7 £ 04 NS
C18:0 99 =+ 0.7 98 £ 0.7 NS
C18:1 53.7 =+ 1.1 547 + 23 NS
C18:2 1.9 = 0.2 1.9 =+ 0.1 NS
C18:3 08 =+ 0.2 09 =+ 02 NS
MUF A 623 =+ 1.1 633 =+ 25 NS
PUFA 2] £ 04 28 £ 03 NS

Rice bran 5% TMR; The fermented TMR is compounding 5% rice bran.
Rice bran 10%TMR; The fermented TMR is compounding 10% rice bran.

C14:0, myristic asid; C14:1, myristoleic acid; C16:0, palmitic acid; C16:1, palmitoleic acid;

C18:0, stearic acid: C18:1, oleic acid; C18:2, linoleic acid; C18:3, linolenic acid; MUFA,

Monounsaturated fatty acids; PUFA, Polyunsaturated fatty acids.

Mean % standard deviation.
NS, not significant.
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BVE RBERRHAFAOEROLLYSAIL—CBELVEXROIEZRALEH
BTMROEENEAKICRIETEE
41458

AR OV A L=V RO EERTR- I T o n"ELLEEn 5 (4
A5 2008), FUHETIE, BERMOREMELEAF~DERbOLI A L —V
DGR ERFT L, BIMETIE, EMbbV A L=V AR ziRE L
Rl TMR Z [EE% MO 6 » AMBEMEESFICHESG LEGAOEE IO
TR L, TORE, AMbLV A L—Y0HEKKBEH 50, B TMR
CRALTHELESAEOWTRICEBWTL, EX IV ARZIEDOREY 27
IRBCTELAREMEN DY . ORI E L G220 L EE %R
DOHEEIE L TIEHTESZEE2HOMNI L, L2 LRL, B RRMEITIE
FHMIcb oL b RZEL, FEEMIcE X I AZHIRT 2 LB RN FE D
ZE6 (Oka b 1998a; EAMR/KERINSHEFHF 2000). BEFHIZKIT D
AR LY A L — OGN 2 HE A BHI 3 2 ATRE MR I B & TE RV, F 2,
LA BE®ZOBAE STV e A kdah L . TDN & &3 B9 T 80.5% & & < (2
¥ - B EERITR GO 2010) | BERIED THLIIORMTH L, &
ST, BAKBNDOIEEIZED | FRORBEE AN E WA LA %O
HEGBREI A 23 N4 % & o#iE (Dryden & Marchello 1970; #H & 2007) & &
D, LnL—FHT, EEHICY VR I7 XV U LAGREOE VKDDL,
RAZET D EREREMINLTND UMRE AR 2011),

KHBIFEH TH DL EMD LA L =4k 2R AEm T OB TMR
DHFEMELTHHL, SbiZiE, BEF~RBEICHSG T2 Z B8 REL oh
(X, R E AR LB R KRB OBLAN O AERELEBEZ LD, L LR E,
ERbLI AL =YX Rp-huTrrGBoEWEREERXLDNERA LT
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M TMR #, BEMEEZBFOREFTTHICHE LG E OERMEIZ LIETE
BRRAIEDFEAEY A 72OV TIEIMREFF STV,

ZIZTARETIEH, EMbbH A L= ARG ZIRA L. 2 FEOREE
TMR ZEEHHICH YT 2 14005 19 » AOBERELESBFICH S L, K
Bl Ak & LR D b & B 5T DR BRIX & o bl aBR A FE L. PERE &

REICRIETRBIC OV TR LT,
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4.2MBBELUHZE
1. R4 LERRES

B IR EMOKERS SNt 2 —&ENZEFT TRE S TV D[R — it 4
RETDWVEH il 14.4 5 Hilmo BEME LS 18 a4 L L TRV,
BRI X 14 » A5 26 » AlisE CD 12 » A E L RIEO 6 % A % JE
BHYH %Yo 6 » AMEZIETHY & L 4T3 BE THRE SIS f L,
() BLERKBREEY Y —IZBWTRESE SN,

il # B O AL ER XX, 14~26 » H s ORI 2 8 U T ifi ik O B & i BE & w2
RabH &2 DG G5 T 2R, 14~19 » AOREFRHIcEMb LA L —
T EEWTH 10%IRA L72%EE TMR (L-TMR) Z#45 L., 20~26 » Ao EE
BHICERDOLY A L—UE @y 20%EA L% TMR (H-TMR) =k 5
T2 LTMR X, BXW14~26 » Ao RBEHMAZE L T H-TMR 2457 %
H-TMR X 3 X 2 8¢ E L, AL XIZ1E 6 B9 ORELE L7z, M TMR F1~
DAK B DRGEIG T T 10% & L,

2. RRAH

fa G-tk OB G EIA & 5B % Table 4.1 12/ L7z,

BIEFEEHT, TIROE AR (TDN74%, CP11% (JF4 & &), EXr K
. ST E, REM., BLOAEXRGBD CRBIE. &ILEE) 2 Mz, e
IE. BIWRATEIR - iR L7eERbo A L—20 b B0 s, BIXOEED
VIERO O ER W, bbbV A L —U1F, AKX [Tl BX
O Tave V) OMYVEIYHHIZ, MbbE THEFICAEEND =L X=7
— (SR1230; Rzt F W ¥ &, =8H) TR L THA L= L, ok,
LB O W R X, #Rfb o, Afbo A L — L Hi285cm Th -
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oo BHEBLIE, BUWRENIA O M) —= b X=X =Lzt D
Wz,

FEBE TMR O FHENE, K5 % 45%IZ KT U | 4l BEHECRE 2 fe BHE #REE (CS
aryFY— 7 4 —F— MASHTF 20 F 7, BH) T2 H0MEEER. T
v 2Ry 7 (05m?) N4 (RUHE{ke =—1 8 . E & 75 um) 1249 250 kg
AL EEREZROARN D 2 BENG 14 @F RN TIrE L7-, 8 TMR
DALFRI R AT DWW T, FIRE OB G HI SIS &, B AREEHEE R
# (¥ - BMEESINRGIIEERE 2010) OENGHEE L,

3. FINKERAESLURRERE

a4 1T, B X 2 OB & Lz, fkBHE, SR E 7 (DF-100-B; A
U A BB a . BB 1L 0 1A 2\ (9:30 & 14:30) 45 L7z, &
Fo R EIE A ARFBERE - HAFICEVREB L (B¥E - BRREEEINR
P 2009) .

BOKIE T+ —F—hy 7ICk2EHEBRE L, S (HEI YR Ry, BA
R TR, M) ITEHRERE L,

k., A OEBEEHEFEIZOWTIT, TEXDYOEFEE L OREICET 2 A

=
>
2
s
s

e (BriEA 1987) THt-> CTHEfE L 7=,

4. REIHH
(MMHE
{RE X 2 JE i 4E 0 9:00 ITHIE L 7=,
(2) fFHENE - ARERE
7 B IR R AR & AR T TR AMFEL, TNENICHO VW TEREL
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B U7, £7o. SPRHESRRIIADEHE B R 2 R B TR L TR L,

(3) M & DRI & K7 5 #T

Mm%, RERBA MG 226 4 W A2, SWEHE G ATD 9:00 12, SHFFRD B~ /1
VA BRI A SRR L 72, BREHE O MR T5E L (3,000%g, 30 43, 4°C)
L Cifu#Ez 538 L. o #ricft3 % & ©—20°C CHURS R L 7.

LF )= (EXIA) Lo bardzo— LVEET SEEks o~ 7
7 74— (LCY—2Z A5 —3 3 CLASS-VP, #ii2s SPD-10AVvp; &4t
AR D) IC KD o L (AARE Z I PR 1983), — ks (AST,
ALT, GGT, TP, Alb, A/G I, BUN, T-Cho, TG, Glu, Ca, IP) {Z2W\ Tk
(fh) EILTHEMSEREERE X —ICaofxZFE L. (1) BAREKRIEFSE
MAEEENEICESTER LICMEE v,

(4) ¥ A O FF {if

RO EGRIE . (BR) BIHEAREE 2 —I2B 0T (&) AARAK
MO FEARGIABIC L VB ST D E Nz, £, BERAICK
D RZWr S I RIR BRI, B LIRS OB RR 2 VT,

G MRRFED S

A%, MEEM GETIER 28I L-ob, B2 L, SAricit
T2 ET-20C THAMIRAF LTz, BEMIRHMEIZSOWTIZ, S FicLied
NaEATFNZ ATV, HA 7 a~ 7T 71— (GC-14A; R+t &M
TEFT. AR) IC X W llE L7 (Folch & 1957), o-h 2 7 = m— L& &1L, @ik

w7 v~ 777 (Fitds RF-535; FRAUS AL EERAIER, 7)) 12Xk HE
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(MHENAB RS oTE % — 2001) L7z,

(6) X DR S 5

fEER R & B O v Tk, ik ATE (B RS EREERI ARS8 2 2009) (2
DSEHMEEEZRE L, £, BT O B-InTrrEE&BLICa-Fa 7 x
n—E®IT, AEEAKkse~ ST 74— (LC U=V AT —v 3 v
CLASS-VP, #tH#s SPD-10AVvp; #RA &t B ERr, ) X v flE L
(e ESCAR G R ERBRYS FME) ., F£70. HBEETMR OREEMEZH 5720,
pH. AHEmEHLA S L OB AR EE R (VBN) SEZHEL, VBN & %EH
OEIE (VBN/TN) ZRo ., GRS VBN/TN 25 V-2 a7 2k (H

e BB A JE 2 2009)

(7) FEat oL

‘o7 —ZIZ o0 T, Mty —2 Y 7 & (Stat View 5.0]; SAS
Institute, Cary. NC, USA) & W\ THerH LB 2 FhE L 7, (AEH . 0 ¥{K & (DG) |
ORI, SRR R mEtRic oW Tk, MEER SRS M. BloE
NENORZEEMZRF & Uiz 2 ohlE Do 2. B, iR 5 Hh o
feffifeflk,. BLX P a-ba 7o —E8ICOWVWTIT, WHXZHERKET S 1
JTCHLE S T 2 E i LTz, T TN A EZE (P<0.05) RO bNT-HE DM
7€ % Fisher ® PLSD {£% AW T 5% KETHEEDREZIT o7z, B, KA
BE D 5 H B.M.S., B.C.S.. XU B.FS.IZ 2 TliX Mann-Whitney ® U K€ &

MW T 5% KETHEEDORE ZAT > 712,
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4.3 R
1. hE, ANENE. AEFES L URABPERE

REBHIMICRT 2 RE, wYERE, DG, B L Ok E K= % Table 4.2 |2
~ LTz,

EEFHICET L 1Y oryEIER KO DG 1%, *RIXIZH M
TMR KA EIZH £ 272 (P<0.05), D7z, JBHE % #1505 B b6 e (R H (X
R A TMR K CRE < 72572 (P<0.05), IBHE%YOEHERER
L O DG IZKMICEITBO b o iz, kBRI, BE %1 o i
IZBWT, REIICEITR N7, £, AZLICBITL 1 HY72Y OmmER
BEOHEBIL, JTRXIZH R H-TMR X219 » HiitE T, L-TMR X728 18 » H
FCAHBEICESHERL L (Figure. 4.1), IEEHZMICIBWT, 20~25 » AlnE T
AR EE RN o7228.26 5 Al TIE L-TMR X2 H-TMR X L 0 & 7 B I

> 72,

2. miEHER

i D A AL 52 % Table 4.3 (278 L7z, RABRIIMH 208 U C AST {&PEAE (2 AL 2
KR DX Do 72, ALT IGMHEIX 17 B3 L0V 20 » A #s C H-TMR X235 & @& 0
o7z (P<0.05) 2%, oA TIEIREICAET R o7, BUNREIL, XX
N LT o AlmLABE® TMR K L0 &< (P<0.05) #& L., 23 » Al Cik H-TMR
X723, 26 » AT L-TMR K T2~ 7% (P<0.05), %7, T-Cho I 17,
23. B L1V 26 5 HiIZB W TR X 23 TMR XAZ Heigg LKA - 72 (P < 0.05)
CaifE X, 20 » Hin CxIHEX 23, 26 » A T H-TMR K3 e b Ev o7z (P <
0.05), IPJEEEIL. 17 » Al T X b2 o7z (P <0.05) 23, flLod A s
ICRNWTH R AT R0 o7,
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LI — VIREEE, RPRXS 17 850023 » ATl TMR X LV b HEIC
o lzin, TRUSND Al TIESXET R o7o, o, MK O 5EHT
TIZBWT, EX4 IV ADRZIHEROOESDTHLIMREDKT (2EFE S
FEM R AR EW A 1999) BRSO, BEHK (T 277 —
A100S, ; T RERPE S, HA) 5 mL (EX I AL L TS50 5 IU) % 18
» Hiwe 20 » Hlis, BLO 25 » Akl A5 Lz, W TMR X421
BREBERTREDOE X IV ARZIEIRNBEE LR N1 [RARHF O 51X
RETHoT, a- b a7z — VREIE, 20~26 » AT L-TMR KK b &
<HEB L (P < 0.05) HRXOMEN K BEN>72, H-TMR X, 23 55 LU 26
B AEBICBWT JRE IV ELSL-TMR X X 0 K< ## L 7= (P <0.05) (Figure.

4.2),

3. HADF(E

BEAEEB LUK FTEHORE ST, FRXIZE~W TMR X THEIZHEML
o3 M OWPEHEBIZZEIT R o T, BADORATT 2N A4 LLEOTEEIE, %X 6
OO B X258, LLTMRIX2A 58, T L THTMREZR3IEHTHD, W
bdd Eme s 4 FHR EOFEIT, X LV L-TMR X T & W E
\Zd ~ 7= (Table 4.4),

BEBRAEICL Y ZE S NTEBFSBICB W T, WRARM A X, XTI
AEBIT R o722, L-TMR X% 381 (50%) . H-TMR XX 2 81 (33%) I

FAENTED Bz (Table 4.5),
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4. MERHGPOEVRERSLTa-FaT7z0—-LER

ff B ORRIEEFAEIZ., S U A ML A UEE (Cl4:l), SV b LA Ui
Cl6:1), BX WY 7 — /g (C18:2) OFIEM. i TMR XIZ kb~ %f X T & 50
272 (P<0.05), & L A g (C18:1) DEIEGIE., kI Ak & KA > 72 (P <0.05)
(Table 4.6), M EHT O a- ha 7 =o— L5813, sBX (0.5mg/100g) =

ATl TMR 1349 3 f% (1.7 mg/100g) (2@ »7= (P <0.05) (Figure. 4.3),

5. HEIHO /S

HIETMR O B-ran 7Bl Ra-ha 7o —LE&EIL, LTMR BXENZE
AU 1.2 mg/kg. 27.2 mg/kg., & L T, H-TMR TiZ 3.7 mg/kg. 43.4 mg/kg Td -
oo £, EEENEIIE TMR &6 V-2 7890 L EEZ R L, W b BB

BT E (80 ALLE) oHETH -7~ (Table 4.7),
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4.4ER

BEMEOREE CTIX.16~21 » AlGOIEEHRHICE X I ADfR5EEHIR
THZ IR VEMRMZmO DEHEFTIES —RAIZITOATNDS, FHIES
FMETHLRREN, bbbV A 1L —VIid e eI ATHDL, B-I
TUNELSGENLTWD, ZOD, bbb A L —I%EE LI2HEE TMR
ERBEFHNOORMBEICE > TRET 256G, P LT/ —LRERE <
WMBTLZENBESNLZO, BHIZHESETL, WENMET T2 Z & 035
BEIND, FEZTAETIH, BEFRH (14~19 » A) 225 %H (20~26 » H i)
DFEEHW, BERIICKHEGT 22 LA BE LB TMR O - 5 535
o FEh L. BB AR MR IR 5 & D BALRIZ DWW TRET L 72,

—fXEIIZ . FEEE TMR OWBIMHEITAFICBWTRETH DL Z ERMHLNA T
L (AL 2007)  RUFFRICHET DIEEPHOEZYEIEIL. W TMR X 23
RXIZEE A~ 15%REE M L 722 L b JEFH~J B TMR 245 LIcHE b
(2011) DL L FERICBHFEETEVWEBS X bR, LarL, BERMO&ZY
BEREIL, KEICZT 2o, —RRICIEBHFTIE. IBEENET I ORIEIER
NERBL, KEVEHENS L EUWERREIIKRTT 2, £, BEERIX
JEE NI AR EREN B LAY TH 5 (BE - &b
PE BN AR B A JEHERE 2009), 2 D7D WT RO XIZEB W T EFE %Y T
EEFRHICHENEHEBERENMET LB bR,

X ORYEREIL, P LT ) — VRBEMNMET L7z 20~21 » Ao M T
ROLEGAALE, P LF 7 —VREN S0 IUML BL Fic/e s &, RAEREIE TN
BoOLND (D 2001), X TIIE L I v AFIO®REL THRAeRIXEE L
e, WMEREOK T, EXI LV ARZEICEIDILOTHLEEZLN

77 £77. LLTMR X1 DO WTiX., 26 » HIB OB ENKL 2o 77,
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ZORKE LT, RATEAZFIE L @K OB ERESEA 1 v ARTcE L <
KF LB LEZ LR,

JEER F OB 2L F—BREMENGEM FTIXEMEEER V22D

(Fortin & 1980; Fortin & 1981) , #1056 (1994) (X, B4 I AR % e
L., EEHMTO DG % 0.7kg/BRREICIZZHAIIE, EX I AfHIREZ L
RN EHMRXTHETENOEINES 252 2RO TWD, £, IBF
o TDN #a5- &2 i35 2 &L THAOENE/MmE A TETH D KT
5 2004) LOWMELH D, A ROBARFRICEB W T, XX O BT IEE 2
M TMR KICHA_HREICHL 2o o0k, RIS 5 IEE H # o #2448
EAW TMR KIZH KL EREL T AV —BRERN D ol b
e X b, £7, mEd T-Cho R L= %)L ¥ —EH & %2 K3 % (Kronfeld
5 1982; REF S EEWRK AR EH S 1999) . T-Cho B A% xf B X IZ bL <38
B TMR K TaEm<HB Lok, IEFTHomyE RN ZEMIZE  HEB L
Tl eEx b,

ABFFETIZ, W TMR KO EFFHICK T it vF 2 — /R EEIE, 50 IU/dL
UETHB LD, B4V ARZICERT 2 ZERESCHEAORKT (&L
H & Ff bk 1986; REF &G EMH AR GRS 1999) RO Lo,
N2 (1999) 1E. AHAFEHIZ IS W T BIMS.28 6 LL B o724 Ti, 16 » HiRiZk
WTHLHFEZ I ARENBOIVALU T Lo T tdELTWD, £,
P 5 (1999) 1F. HARHKICH W T BMS. 2 8 LLEZ o240 KER/y 1T, 18
2519 p Al comf L F / — VREIZ 50 IUWAL UL FTh oz & @iE L T
Do BRRAED 59 H B.M.S.OFEJE T, *FHIX2Y 6.8, L-TMR X723 7.3, £ L T
H-TMR X723 6.3 L KIZEER D b2l WTNORIZEBWNTH Z O
WoMmd v, — LV REOFEEIE 50 IU/dL L ETHR LT Y, B.M.S.23 8
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UbzHocbores I AIRTIEZ Rl B bR,

AFIETHRE LTI-%E TMR 1 B-h o7 o E& 80 FHEIZ, L-TMR 28 1.2
mg/kg. H-TMR 28 3.7 mg/kg T, EX I AICHBET S5 L 21 480 IU/Kg,
1,480 IU/kg Th o7z, 2N b, FEXICHEG LEEGEETOE X I AR
& (3201U/kg) LV %o 7z, L, IEEPTHICHEGTH2EMD LY A
L=V ORAEAE 10%H 5 WX 20%ICTHBLTEH, ZORAEADEIZLD
LT —VRE~OEBIRDOLNT, ML L TBMSICEELY L X/
MmolobtBZBx b,

B TMR OFEBEIC L 0 | SFRIKICHEANE TMR KOMF a- b2 7 = v — g
=i, ABRHEHZzEC CESHERL, MEEHTD a-F a7 xu— LE &I,
M TMR X THBIX D 3fFICE TEE > T, ZOREIT. FEHEMSHK S
RO EBIZL > THFBLIOHAFD - a7 zr— LER&EFIHENT L (=
HR DS 1995; Yang & 2002; &K 5 2004; JE/K 5 2005; [K¥ 5 2007, &F5
2015) BEfFO#HE & —H L T,

A KA & T 10%IR A L 72 L-TMR X35 X OVH-TMR X O i 5 & il 1 o A
LA UBREIEIT, BREK LD bEmWEHInICH 72, £2. U/ — A BREIEIE,
XX 23 TMR KICHARFEICEE -T2, FRORWHEIIIREERLE O
HMEN K X < (Dryden & Marchello 1970; Westerling & Hedrick 1979) . #& 5 £
DEBEZ 1T % (Melton & 1982; Marmer & 1984; & fi > 1989; KA+ 5 1996;
Mandell & 1998), FUER I VIZHFENLEMBOF TRHLZVDOIXY /) —
NETHYD , LA VBITIZEAEEENR Y CURETE 2017), £, K
BNZITA VA VPR ZGEND CUBRFE 2017), SRIOMERICTE
WT, X TY =V BEERE < BB TMR XK TA LA CEREIE A &

HEICH -T2 DIE, KbieHEORETHDL LB LI,
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— . EEHICY v IRV T AEGEROE VKRR (R - B G PEEEAN
WA 2010) OZHGIX. RAEZBE T 2 EREREHR TS (b
M ELIE 2011) , RAIEDFREIZIZY v EBOEWEE O S &2 BT, hL v
DALV UOmEE L1~21 LT EREYERINTND (R BILE
EHAN R A ICHEME 2009), LrL22ns, et vy o a o U vl aH#HE
B (R - B PEEHINB AU IEHME 2009) ITHRE L TWTHIRAIEN LI
THEFDREINTND (JELS 2013), TRICEDE, By T ABEE
TR 509/ HTHY, IHEZBFOLEREL RIEIZ EE - Tz, AFZEICE T
DEEIR DN L 0 TR BRI 0.8, W TMR X728 1.0 Th o7, *
7. 1Y 7200y LB LN CEIEIT, BRI ZENLZEN 30495
L3809 THo7=DIZH L., RS 10%TMR X TixW 3 #vd 49.0 9. AT
DH20%TMREX TITWT 65049 THNT T LAEY COBRENERTE -7,
Thbb, TRTOLEXT, WLy ABLRNY yoERE (/1T A:30
g/H., Vr:20~28¢g/H) # K& EEloTWiz, U VBB~ 722U AEORA
X7 YT TSI (UMK 1992; Jtif 1988). JRD pH EH- B %
e 25 (BA 5 2006), K. WAERERA~OREBEI LT Y AR E D IR
DpHB ERT S (FH 2009, £/, RAEZHEOEFIZBNT, ILD
L5 8% 30g/HICHEHALT A L TCRENMHEI S NS (JEN S5 2013), Z Dk
EOANYTL Y UHITO08RERETH I END, ALY T ADOERES
WL TWiE Iy v b Y VHRERPMES THRAED U X7 IXE T3 2,
RGBT, AT T L VU HEHEETH D LOICHKELZICHED
5F M TMR KICB W TIMREGR AN ZRE LIZOE, Iy LighE0ER

WCEVRPpHDP EH L, VB~ 7 2 U A EOR AN ILE SN2 &

Hes2 S B, BEREDIR pH RS OB ST AT 5 TO R WA, BERE 0 B
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(Fd B 2013) & —H LI Th o7z, BEMRAEIC LV B S R=m oM
(CBW T, WIRARE A DREAEFRGIL, ARXTIT 0% TH-72DIZx L, L-TMR
X 1% 50%, H-TMR XX 33% T -7, Ml TMR X DU IR HE A DI AF G I
BIRCTHAEINZRBATES (12%) (FILRENKRAR 2015) KV b E-
fzizh. 2O TMR O fG5AZ & 0 WIRERHE A DO FEAESE TS £ 2 TREMEDN & 5
ENRBE T,

LEDOFER G, ARbbo YA L —V EAEKONEZIRES LTE%EE TMR % JB
BRI OAEET 5 & BAEE & GERD O 2 ok G L 7o K R
BHYHoOuMBRENSED, HMERMETLIZERHLNERoT2, SHIZ
M VF 2 — VIRE O T 2EH S, B % I 0 ARZIEDFA % [B1kEH DR 7,
Mz T, BFAFMICB T OB EFARNZ ERP LN R, 2D
DNRIL, FEEE TMR F~DAEFROLLY A L—VDRAHEGEZE X THEERT
bole, £lo, HRDPZHEE TMR FIZEYF 10%EGT L2 LIk, &
LA VBREADREGEDZ 00, FHAOBEHEXFECLARNRBSEETH D
EEZADLNT, L Lens, BREIM (12 5 AM) oA KkbrzEE LI
TMR MBI KV IRATEDREY A7 NEEsTlod, EXRQDDOREGHE %
10% IR S22 20, WAV U LOMEGEZERELY bBRICRL
BRWEOBETLHOLERD D LB Z b,
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4.5 B

14 n A» b OEEF MO BREMBEESF~DEMb LY A L —T LK
B iRE LIZFEBE TMR O 7525 (38 iR I RIZ T B OV TRET L7z,
st RX (T IREL & Rk & iR o & 2 iR 5) . L-TMR X (IEE 1 A FR
DOV A L=V LA KDN T T ENER 10%IEAS LIZREEE TMR 455 .
BIOHTMR X (EfEb oA L —U% 20%E Ekian %z 10%IRE L7 FiE
TMR Z#65) ®3XIZ6 BT OEEL, 26 » HlETHEE L. EBETHD
MR, AR IO AEEILSN TMR KAMBX LY LENL, 4K
ToOF VA VBREIEGIE, HTMR K2AMBX LD bEmE 722, L-TMR XD 3
FHIB L OVH-TMR X D 2 BHIZWARARAE A DFAEDRBD LTz, LL EORER M5
TR A L —Y ARG EZREG LR TMR O 513, IBEEHRHIICE
JHEREED, WREBTOF LA VREISERMSE LN, RAED AL
VAR @EmEDLZEDBRALNICR T,
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4.6 A&

— Middle fattening period— —Late fattening period—
a

70 { P

Dry matter intake (kg/Day)

60 - b

50

14~15 ~16 ~17 ~18 ~19 ~20 ~21 ~22 ~23 ~24 ~25 ~26
Months of age

—&—Control group —0O—L-TMR group —O—H-TMR group

Figure 4.1 Changes in dry matter intake in Japanese black steers
during the middle and late fattening period

Middle period, 14-19 months of age; Late period, 20-26 months of age.
L-TMR and H-TMR; See the footnote in Table 4.1.

Control group, Experimental diets of commercial concentrate and rice
straw; L—TMR group, Experimental diets of L-TMR in the middle period
and feeding H-TMR in the late period; H-TMR group; Experimental diets of
H-TMR during the whole period.

Each point represents mean = standard deviation.
The differentletters (a, b) denote significant differences (P < 0.05).

89



retinol (IU/dL)

300 - 5,000 -
250 1 ~ 4,000
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Figure. 4.2 Changesin plasma retinol (left) and o -tocopherol (right) content in Japanese black
steers during the middle and late fattening period

L-TMR and H-TMR; See the footnote in Table 4.1.

Control group, Experimental diets of commercial concentrate and rice straw; L-TMR group,
Experimental diets of L-TMR in the middle period and feeding H-TMR in the late period; H-TMR
group; Experimental diets of H-TMR during the whole period.

Each point represents mean & standard deviation.

The different letters (a, b, ¢c) denote significant differences (P < 0.05).
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2.5 H

20 -

o
1

o —tocopherol (mg/100g)

00 -
Control group L-TMR group H-TMR grpup

Figure. 4.3 Effects of feeding fermented TMR on o —tocopherol
concentration of the longissimus thoracis muscle in Japanese black
steers

L-TMR and H-TMR; See the footnote in Table 4.1.

Control group, Experimental diets of commercial concentrate and rice straw;
L-TMR group, Experimental diets of L-TMR in the middle period and feeding
H-TMR in the late period; H-TMR group; Experimental diets of H-TMR
during the whole period.

Each point represents mean £ standard deviation

The different letters (a, b) denote significant differences (P < 0.05).
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Table 4.1 Composition of feed ingredients and chemical composition of control and
experimental diets

Control L-TMR H-TMR
Ingredients (% DM)
Commercial concentrate 79.0 40.4 40.4
Wheat bran 0.0 30.5 26.2
Barlay 0.0 0.0 2.6
Soybean meal 0.9 0.3 0.0
Rice bran 0.0 9.6 9.6
Rice straw 20.1 0.0 0.0
Fresh rice straw silage 0.0 10.1 20.2
Rice husk 0.0 8.1 0.0
Calcium carbonate 0.0 1.0 1.0
Chemical composition (% DM)?’
TDN 75.7 74.1 75.2
CP 11.0 11.0 11.1
NFC 431 435 425
EE 3.2 4.4 4.6
Ca 0.4 0.6 0.6
P 0.5 0.6 0.6

Control; The commercial concentrate and rice straw ware separated feeding.
L-TMR; The fermented TMR is compounding 10.1% fresh rice straw silage.

H-TMR; The fermented TMR is compounding 20.2% fresh rice straw silage.

TDN, total digestible nutrients; CP, crude ptotein; NFC, nonfibrous carbohydrate; EE, ether extrct;
Ca, calcium; P, phosphate.

"TDN 84.1 %, CP 11.9%/DM

IThis data was calcurated using Standard Table of Feed Composition in Japan National Agricultural
Research Organization (2009).
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Table 4.2 Effects of feeding fermented TMR on growth performance, dairy gain, dry matter intake, and feed conversion in Japanese black
steers during the middle and late fattening period

Control group L-TMR group H-TMR group Effect, P value
(n=16) (n=16) (n=6) Trait Feeding period  Trait X Feeding period
Growth performance (kg)
14 months of age 3567 £ 29 377 £ 18 382 £ 27
20 months of age 518 + 45° 588 + 36° 589 =+ 342 < 0,001 < 0001 0435
26 months of age 626 =+ 55P 688 =+ 5e? 693 =+ 25°
Dairy gain (kg/day)
Middle period 0.87 + 0.17° 1.16 + 0.18° 1.14 + 0.08°
Late period 0.59 + 0.08 0.55 = 0.22 0.57 £ 0.10 0.010 < 0.001 0.055
Whole period 0.73 = 0.11 0.86 = 0.16 0.86 = 0.07
Dry matter intake (kg/day)
Middle period 786 =+ 047° 895 =+ 045° 9.26 + 0.83°
Late period 7.34 =+ 056 7.35 =+ 0.82 754 + 0.81 0.002 < 0.001 0.223
Whole period 760 =+ 0.48° 8.16 £ 0.56° 8.40 + 0.80%®
Feed conversion
Middle period 94 + 28 78 £ 10 81 + 08
Late period 126 £ 1.8 150 £ 538 134 = 24 0.856 < 0.001 0.355
Whole period 106 =+ 2.1 96 =+ 24 98 + 09

Middle period, 14-19 months of age; Late period, 20-26 months of age; Whole period, 14-26 months of age.
L-TMR and H-TMR; See the footnote in Table 4.1.

Control group; Experimental diets of commercial concentrate and rice straw.

L-TMR group; Experimental diets of L-TMR in the middle period and feeding H-TMR in the late period.

H-TMR group; Experimental diets of H-TMR during the whole period.

Mean = standard deviation.

The different letters (a, b) denote significant differences (P < 0.05).
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Table 4.3 Changes in blood components in Japanese black steers during the middle and late fattening period

Effect, P value

Item Unit Group 14months 17months 20months 23months 26months
Trait months ~ Trait xmontths

Control 780 £ 440 1022 = 1043 620 =+ 83 580 £ 111 557 + 54

AST u/L L-TMR 895 + 787 508 =+ 10.9 623 = 294 530 £ 43 487 + 6.3 0.506 0.190 0.695
H-TMR 733 £ 229 610 =+ 145 618 = 108 56.7 £ 207 563 + 49
Control 2356 £ 48 208 + 17%® 198 =+ 17°¢ 200 £ 24 203 + 3.1

ALT u/L L-TMR 217 £ 3.8 193 =+ 21° 222 = 12° 220 £ 38 205 + 3.0 0.009 0.269 0.246
H-TMR 232 £ 1.5 232 £ 23¢ 245 + 23¢ 210 £ 26 232 £ 35
Control 170 + 3.0 318 £ 10.1 273 £ 5.1 260 £ 39 223 £ 31

GGT u/L L-TMR 202 + 6.6 283 £ 70 298 = 9.9 228 £ 34 227 £ 40 0.281 0.009 0.996
H-TMR 1956 =+ 3.3 308 + 16.3 307 £ 201 217 £ 43 228 + 34
Control 6.7 £ 03°? 70 = 0472 6.9 = 0.2 6.8 + 0.1 71 = 02°

TP mg/dL L-TMR 6.2 + 02° 64 + 04° 6.7 = 0.2 6.7 + 0.4 68 + 04° <0001 0005 0415
H-TMR 6.7 £ 022 6.7 £ 02%® 6.7 = 0.4 6.7 £ 0.5 70 = 0.3
Control 37 + 022 37 % 0.2 37 £ 0.2 36 =+ 0.2 37 % 0.1

Alb  mg/dL L-TMR 34 + 01° 36 + 0.2 37 + 0.1 37 + 0.2 37 = 0.2 0.041 0.010 0.059
H-TMR 36 + 012 36 = 0.1 37 = 0.2 37 £ 0.2 38 = 0.1
Control 12 = 0.1 1.1 =+ 0.1 1.1 £ 0.1 1.1 =+ 01° 1.1 =+ 0.1°b

A/G ratio L-TMR 12 = 0.1 12 = 0.1 12 = 0.1 12 = 0.1°2 12 + 012 <0.001 0.900 0.092
H-TMR 12 = 0.1 12 = 0.1 12 = 0.1 12 = 012 13 = 0.1°
Control 128 + 35 1956 + 23¢ 188 =+ 29¢ 176 =+ 21¢° 176 =+ 182

BUN mg/dL L-TMR 130 = 1.1 163 *= 18° 162 * 1.7 @ 153 =+ 27° 138 =+ 31° <0001 <0001 <0001
H-TMR 164 =+ 20 160 =+ 28° 140 + 250 123 =+ 22° 151 =+ 16 ®
Control 1377 £ 237 16756 =+ 342° 1890 = 416 1582 + 412° 1682 + 300°

T-Cho mg/dL L-TMR 1390 = 217 2435 £ 674 ¢ 2402 £ 300 2220 £ 477°® 2232 £ 165°% <0001 <0.001 0.159
H-TMR 1318 = 181 2378 £ 4362 2243 + 543 2008 + 208%® 2377 + 467°
Control 243 £ 43° 287 £ 7.3 363 = 71¢ 292 £ 42¢ 342 £ 522

TG mg/dL L-TMR 267 £ 27 % 248 + 7.8 248 + 96° 233 £ 78 %® 220 + 49° <0001 0194 0.057
H-TMR 302 £ 422 333 = 8.2 268 + 70%® 223 £ 250 290 = 6.3¢
Control 783 £ 6.3° 743 £ 39° 780 = 3.9 748 £ 5.1 743 £ 23

Glu mg/dL L-TMR 787 £ 48° 770 £ 76° 768 £ 47 732 £ 4.7 752 =+ 7.0 0.001 0.001 0.295
H-TMR 857 £ 432 840 =+ 35¢ 793 £ 3.7 767 + 34 750 + 47
Control 101 =+ 0.4 101 =+ 0.4 101 =+ 0.2¢® 100 =+ 0.2 99 + 02%®

Ca mg/dL L-TMR 98 £ 0.3 96 * 0.6 97 £ 01°b 96 =+ 0.2 98 + 03" <0001 0380 0.284
H-TMR 101 =+ 0.4 98 * 0.1 96 = 04° 99 = 0.6 101 =+ 03¢®
Control 74 + 1.0 70 + 042 73 £ 06 71 + 0.7 71 £ 05

P mg/dL L-TMR 82 =+ 0.7 84 + 09° 79 + 09 78 + 0.6 72 = 0.8 0.007 0.023 0.502
H-TMR 8.2 =+ 1.6 80 =+ 07° 75 + 0.6 6.8 + 0.6 70 + 1.5

L-TMR and H-TMR; See the footno?e in Table 4.1.

Control group, Experimental diets of commercial concentrate and rice straw; L-TMR group, Experimental diets of L-TMR in the middle period and feeding H-TMR in the late

period; H-TMR group; Experimental diets of H-TMR during the whole period.
AST, aspartate aminotransferase; ALT, alanine aminotransferage; GGT, glutamyl transpeptitage; TP, total protein; Alb, albumin; BUN, blood urea nitrogen; T-Cho, total

cholesterol; TG, triglyceride; Glu, glucose; Ca, calcium; IP, inorganic phosphorus.

Mean =+ standard deviation. The different letters (a, b) denote significant differences (P < 0.05).
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Table 4.4 Effects of feeding fermented TMR on carcass traits of Japanese black steers during the

middle and late fattening period

Control group L-TMR group H-TMR group
(n=6) (n=6) (n=6)

Carcass weight (kg) 3900 =+ 423° 4401 + 4787 4387 =+ 14732
Lib eye area (cm?) 520 £ 35 55 + 8.8 53.3 =+ 47
Rib thickness (cm) 74 £ 08 81 = 10 75 £ 04
Subcutaneous fat thickness (cm) 20 £ 05° 26 £ 05b° 28 =+ 04°
Yield estimate 745 £+ 09 742 += 1.2 735 £ 05
Beef marbling standard score 6.8 = 1.8 73 = 18 6.3 &£ 2.3
Beef color standard score 35 £ 05 3.7 £ 05 35 £ 05
Beef fat standard score 3.0 3.0 3.0
Quality grade 45 £ 05 45 + 08 42 £ 10

A5 2 4 3
Meat quality grage (n) A4 3 1 0

A3 1 1

L-TMR and H-TMR; See the footnote in Table 4.1.
Control group; Experimental diets of commercial concentrate and rice straw.
L-TMR group; Experimental diets of L-TMR in the middle period and feeding H-TMR in the late period.

H-TMR group; Experimental diets of H-TMR during the whole period.

Mean = standard deviation.

The different letters (a, b) denote significant differences (P < 0.05).

Carcass score graded by Japan Meat Grading Association.

95



Table 4.5 Incidence of disease condition diagnosed at slaughter test

urolithiasia cystitis nephritis fat necrosis  sawdust liver gastritis
n 0 0 0 0 1 1
Control group
(%) (0) (0) (0) (0) (17) (17)
n 3 0 1 1 0 0
L-TMR group
(%) (50) (0) (17) (17) (0) (0)
n 2 1 0 0 0 0
H-TMR group
(%) (33) (17) (0) (0) (0) (0)

L-TMR and H-TMR; See the footnote in Table 4.1.

Control group; Experimental diets of commercial concentrate and rice straw.

L-TMR group; Experimental diets of L-TMR in the middle period and feeding H-TMR in the late period.
H-TMR group; Experimental diets of H-TMR during the whole period.
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Table 4.6 Effects of feeding fermented TMR on fatty acid composition of the the
longissimus thoracis muscle in Japanese black steers

Control group L-TMR group H-TMR group
(n=6) (n=6) (n=6)

myristic acid (C14:0) 22 £ 0.1 22 + 04 20 =+ 03
myristoleic acid (C14:1) 1.0 + 012 08 =+ 01° 08 + Q2"
palmitic acid (C16:0) 241 £ 24 241 =+ 3.6 229 =+ 1.3°
palmitoleic acid  (C16:1) 6.9 =+ 04° 59 =+ 08P 57 + 05°
stearic acid (C18:0) 101 £ 04 109 =+ 0.7 105 =+ 14
oleic acid (C18:1) 51.7 £ 20° 540 £ 46%® 559 =+ 24°
linoleic acid (C18:2) 33 £ 228 13 + 02° 15 =+ 01°
linoleic acid (C18:3) 06 =+ 04 08 =+ 0.3 08 =+ 02
saturate fatty acid (MUFA) 596 =+ 2.1 60.7 + 44 623 £ 2.1
polyunsaturated acid (PUFA) 40 £ 25 21 £ 04 23 =+ 0.2

L-TMR and H-TMR; See the footnote in Table 4.1.
Control group; Experimental diets of commercial concentrate and rice straw.
L-TMR group; Experimental diets of L-TMR in the middle period and feeding H-TMR in the late period.
H-TMR group; Experimental diets of H-TMR during the whole period.
Mean = standard deviation.
The different letters (a, b) denote significant differences (P < 0.05).
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Table 4.7 Characteristics of fermented TMR for experimental
diets

L-TMR H-TMR

moisture (%) 473 46.5
pH 4.1 3.9
Organic acid content (%)

Lactec acid 2.99 3.41

Acetic acid 0.46 0.47

Propionic acid 0.03 0.03

Butyric acid 0.06 0.08
VBN/T-N (%) 3.4 3.6
V-SCORE 93 90

L-TMR and H-TMR; See the footnote in Table 4.1.
Organic acid content is expressed on a fresh matter basis.
VBN/T-N : the proportion of volatile basic nitrogen to total nitrogen.
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Figure 5.1 Current status of the beef-tasting survey
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Figure 5.2 Results of the beef-tasting survey
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Table 5.1 Price of purchased feed

Type of Feed

Price
(yen/kg-DM)

Notes

Commercial concentrate
Barlay

Soybean meal

Wheat bran

Rice bran

Rice straw

Fresh rice straw silage

Calcium carbonate

62

66

88

40

42

50

47
100

Purchase from the agricultural cooperative
Domestic (purchased goods)

Original product at 26 yen/kg (converted at 45% water content)
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Table 5.2 Comparison of cost of feed per day

Cost of feed per day

Difference compared
with the control group

Rate of reduction of feed
cost per day

(yen /day) (yen /day) (% /day)
Control 598 — —
FRSS group 578 20 3
L-TMR group 565 34 6
H-TMR group 578 20 3

Estimated with feeding weight of 10 kg/day.

Control; The commercial concentrate and rice straw ware separated feeding.

FRSS group; fresh rice straw silage feeding group.

L-TMR; The fermented TMR is compounding 10.1% fresh rice straw silage.
H-TMR; The fermented TMR is compounding 20.2% fresh rice straw silage.

L-TMR group; Experimental diets of L-TMR in the middle period and feeding H-TMR in the late period.

H-TMR group; Experimental diets of H-TMR during the whole period.

109



Table 5.3 Provision proportion of domestically produced feed

Provision proportion of domestically

Treatment produced feed
FRSS group 20.0%
L-TNR group 278
H-TMR group 29.8%

FRSS group; fresh rice straw silage feeding group.

L-TMR; The fermented TMR is compounding 10.1% fresh rice straw silage.

H-TMR; The fermented TMR is compounding 20.2% fresh rice straw silage.

L-TMR group; Experimental diets of L-TMR in the middle period and feeding H-TMR in the late period.
H-TMR group; Experimental diets of H-TMR during the whole period.
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Empirical study on the use of paddy field byproducts as feed for Japanese Black steers

Yasuko Takahira

Summary

In Japan, fattening feeds for Japanese Black steers primarily comprise imported commercial
ingredients. Accordingly, financial management for this breed of cattle is strongly contingent on the
prices of feed crops such as corn. In recent years, the prices have considerably fluctuated, but
remained at high levels. Combined with the surging prices of feeder calves, the reduction and
stabilization of feed cost is an exceptionally important challenge in the management and husbandry of
fattening cattle. To decrease dependence on imported feeds, urgent measures must be taken to
establish a fattening technique for increasing production and utilization of domestic feeds. Two
domestic feed resources, fresh rice straw silage and fresh rice bran, are possibly effective for this
purpose. Byproducts derived from paddy fields, which account for 54.4% of the cultivated area in
Japan, are particularly abundant resources and, hence, could be effective self-supplied feed for
farmers engaged in the fattening of Japanese Black steers. However, these are very empirical studies
that have been able to demonstrate utilization of fresh rice straw silage, which is a fermented feed
with a high water content, and non-defatted fresh rice bran for Japanese Black steer breeding.

The present study first evaluated properties of fresh rice straw silage and its efficacy during the
late fattening period of Japanese Black steers. Results showed that that fresh rice straw silage
contains more B-carotene and a-tocopherol than those in dried rice straw normally fed to fattening

beef cattle. When fresh rice straw silage was fed during the late fattening period, plasma retinol
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concentrations showed higher levels without any significant decline, and the risks associated with
vitamin A deficiency, such as decreased feed intake, were mitigated. Additionally, evaluation of the
meat quality did not indicate any impact on the fat marbling. Furthermore, the accumulation of
a-tocopherol in muscles may contribute to maintain antioxidant activity in the meat following
slaughter.

Subsequently, to establish a practical method for effective preparation of fresh rice straw silage,
which is high in water content, and fresh rice bran, which is prone to lipid oxidization, and to clarify
the appropriate timing for feeding them to fattening beef cattle, we prepared a total mixed ration
(TMR) and fed it to Japanese Black steers during the late fattening period. Moreover, we examined
the effectiveness of fermented TMR feeding on Japanese black steers during the late fattening period
(20-26 months of age ) or during the middle and late fattening periods (14-26 months of age) . As a
result, when a fermented TMR was prepared from fresh rice straw silage and rice bran, the
temperature of the fermented TMR did not rise after exposure to air, thus demonstrating excellent
aerobic stability. Furthermore, the levels of peroxide and carbonyl, indicators of lipid oxidation, were
also below the reference range. These results suggest that fermentation of TMR is an effective
method to convert ingredients with a high water or fat content into practical feeds. In the present
study, the dry matter intake and plasma retinol concentrations of cattle fed fermented TMR fluctuated
at high levels. Nevertheless, feeding fermented TMR to the cattle from 14 months of age during the
middle fattening period did not compromise any carcass traits, including meat marbling. Therefore,
feeding fresh rice straw silage and rice bran did not bring negative impact on carcass quality.
Meanwhile, feeding fresh rice bran tended to increase the content ratio of oleic acid, which is related
to the flavor and succulence of meat.

On the other hand, while the incidence of urinary calculi was 0% among cattle fed fermented

TMR for 6 months, the incidence reached a high of >30% among those fed fermented TMR for 12
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months. This implies a risk of increased production costs from accumulating medical expenses due to
the escalating incidence of urinary calculi associated with extended feeding of fresh rice bran.

The cumulative reduction in the daily feed cost when fresh rice straw silage and rice bran were
fed was calculated to be 3%-6% compared with a control group that was given a conventional feed.
This is regarded as a significant contribution to the reduction of the feed costs, which account for
approximately 30% of the total production expenses. Furthermore, replacing part of the purchased
feed ingredients with fresh rice straw silage and rice bran resulted in a 20%-30% increase in the
utilization of domestically produced feed ingredients for the fattening of Japanese Black steers.

These studies showed that the practical method of forage production using domestically produced
fresh rice straw silage and rice bran, both of which are derived from paddy fields. Furthermore, when
fattening beef cattle were fed fresh rice straw silage in the same form as the conventional dried rice
straw feed or in the form of a fermented TMR containing a mixture of fresh rice straw silage and rice
bran, the growth and carcass traits were not affected. On the contrary, blood retinol and a-tocopherol
concentrations increased, resulting in a higher content of a-tocopherol in the meat. The present study
succeeded in maintaining meat quality without restricting vitamin A during the middle and late
fattening periods and demonstrated the possibility of reducing breeding costs using domestic feed
resources. These results are expected to pave the way for novel approaches in nutritional research for

Japanese Black steers and provide useful information for practicing livestock farmers.
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