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BIE M W

F1E BRIAEBORNAFEEOKRRMELIEDOHEME

WREOHPEEIL, AP ANBREDIHKAF T DL TE L EKY, #5 FAR AL
RIDIECTREBEN R T MELESTEEM TR B EOKZDILOTHD, FIZH A 4 £ % T,
ZLWHANBEERENDZALEREEMEZTLELEZMARBTICESARE»NLTND
(Gotoh et al., 2009) . FIFICBILTIFNEMI R MEASE — L L F BRI A E I TNDHD, ZDOH
KEFORAIEE I LR LR O F 4 Tixewy, BNIEE I3 728 B B &6 £ 13072 20%
BREICLP»PBET, hvErav 2R L0 LB OIFEALEEZWA L0 ANITEKAFLTND
(Ministry of Agriculture, Forestry and Fisheries of Japan. 2005) . ¥4, 2N T8 & 310 ff Rl
L= <oOMBENEELTEY, BALSIGHMLE THD, KEOFE G G OENIK A, O
J%, BSE (‘FHEfIRINIE) ZORAEICRON I ESHMERBICAORZR2ICHET 2 ME, £
MR EFEEN OB SN2 EIRWMEMBE, ThicHETIREMESLIOESEMASED L
S OMEEZ?, FEHMELROLZE2IEHL X, KBAFETHL UV VOREZEHL,
EHM R REEZERLEBERSEEZ SN BSERGREIZH LW, 5%, RHNOEH
FWOEANDBRMELFET S, 70, ERLBEMEIRZOREMECTH Y, TRBEEIK
LI ERN XA B EZ L LT HRRKERO —2 & L THEBIAL TS, BRI,
ENICHASND BEDEEROEFEREIT 1997 FOEMEFH T 998 T THY, Z0
IHLOR NRUNESEETHOD LN TS, ENICBWTEREDEIZL > TRIRE D E
FEITSAT I ERESH, SEOHEHEL T T, BBICREHORINEE LBl > TV
(Oda, 2006) . = DIz b, NZE 72 FAE 85 2 sk U 72 5 Al A% O & s 0 3 A AR EF~ D
B EFEEAL, MABEDMEOEBESI SR L, AAFEEOREEEZ KX EDL N
LTWd, 72, 3—my"zhLd LEFSEEAOBE b IEFEEICIZRL, BRIZE
WTHHESEBAFEHEO R ENHESIT L TV D (Sato, 2005) , 2D X972 KWTF T, WHAED
WHAEE Y AT ML, BEOEBREND YV BIRFERMEED 2 WVITRER S EE~O
RN 2HEThH D,

Fof BAEICBUBIHFLWEEEOEH

DR TR =U R EIETRRY, B FREAEATEROHEWEBMEER Y (Bre—2XB
FOA~I e —R) 2L, EEFENLPOEAERE L TOAEASLRRAZAEEL, Th
e MR T2 VW) BELRYERREEZH T HEEY (KBESW) THDH, 2O
EAMEICEML, BERNRNHFAEEOERBEESE~OEBREZ X HE, BRNOEE
WEHRBSAE LD, WAF~HKETHZLETERMREIRDIFALEE VAT LATH
LB EICEET 5, BBIEEICELZW AR AEPET, FMaH 5 O%EFMFME (Okamoto et al.,
2001) , HAbH 5 o H AEAFE (Muramoto et al., 2005) N 4 THY, L4220, ~V—77
BRICHTHEBEE =—AD&HEVEZ T, BIEEREZEDTWVD, LL, ZORRRIKIICKL
T, WMEMEEOTENOBRMEEIIFE 2« RO ERICHL, 2k, LREORELSRICB TS



METHY, BENFHFOEML, BUBEEOHE R, WHANPOLORM 72 ZEIEW T A%
LHRRE I A FE A & LT S, ri&®j.h%%$ﬁbuii@éﬁfb\éo HE R EMITE E 5 F
M CREHEL, 2005 4RIZ31T D N BEE HcgE sk i F5 1% 385,791ha ([ZHE KL TV (Ministry of
Agriculture, Forestry and Fisheries of Japan. 2005) , j& M5 BE, =8l AL o OV B 5 08 0 4%
DOEMEEZL R L TW5 (Yamanaka er al., 2008) . EIXZOFREEMI ~Dfi Ll T&
Bl RAEARFEICESE, AR BKBROKE R LLEbls, BREOFRHM LRI RELH
[ & U 7= 18 i 38 oo A 20 FI) A o0 B8 1k 248 1F TN D, BF R i 3E oo 2 AR 1 U T e 90 O R
BEIX, BN OBREAMENT TICHHEREOMEZR T2 THD, LL, ZOMEE
TEZLRFEEZNE, KBEMELTOYLOF R EIR THLERFIS, VO W E 1§
BRISREZIE H 3228 C, I H DR O£ N HE Th 5, Hayashi et al. (2006) 1%, 5 E
EMER T 2FEMOBBIC L REMEMFZ2H8ET D2 LT, & W BED S8 kb A&
DEALZBEREITZIEEZHALNICL TS, 2FY, HANOEM AR T5720C, BHEK
FEMOMEZTOMEGEIELTERTZ81%, BAOAEE BB RN LRSS, GIRMER
FIOFH LWEES ZT LD ITTHE THD,

FE3H ARASTOMBREHICE T 5 EEHH

WAL R ESICB T2 EFHICEALTUL, 7L -V A XD E 2Rk KIRICEIEL
B FREWG, WG F ORFI 2L ELZIHILOOWEZW LIE52e0, IEEHOREFMEBX
R OH G RN Z R L5280 BAA, BF MBI O A I BEFEE PR O mE2»6h H
FLE 2515, Schoonmaker et al. (2003; 2004) %, X HEfE K% 4 (Angus X Simmental) @
BAH (119—218 Hil) (@R R G E 2 & ST T, R IE B2 6l [R5 25V 3k i 2 %
WLEG AV A EICENL, KT ~OEHEEPLESNLILE®mE L, LrL, B ALY
BTz — BN EZH R DL, BTIEN O B S, BCA DR AEIE 38+
2600, HERENKAD L, BV ZHEEITIK T 3% (Plegge, 1987; Hicks et al., 1990; Murphy
and Loerch, 1994; Myers et al., 1999; Schoonmaker et al., 2002) ., 512, B K 0% F MEIX0H
B ORFESLMEICHREELAEND, Abdelsamei et al. (2005) 1%, WIVAZA Tl 412K L
TEHM (200 FE) CBEISRALEEEDOEVREETELNEERICKIETHE CHONWT
FHELTHEY, RHAOEMZHMITH BN LICLHEE B R OEM N RE ThoH LR FEIZ, £
WIZETOMmANEN&ARITEFTLRWILZHME L, OO RIL, WEHHLWITHE K
HMIZBT2RBEEDOEWE, EFEHFORE ék%*ﬂéﬁﬁlﬁ”’? REREBELRIFTTEERL
TWnb, Lol ﬂ%ﬁﬂ;ﬁﬁ OF R 208 L7 A BB & ST D m R SRS, WA O F B S A
FLELTEEBEEICRIETEEIHLNTRY,

— 7, ”ésfiﬂﬂﬁ BB E 2 & — K AITH BB O I KD IEE T, BLTE DR = Al
B2 EOEERRELBELT, TOREBIOENL ZMEICH D, LAbHHERERICBITLEE
BaERMLEA A LEENDOL HE R EMBE T " OEREZAE LSS, TOERMED
1&T%$@ﬁTfﬂﬁ?'Jﬁ‘é%ﬁbb\&ﬂﬁ@ﬁﬁiﬁl%gziEIK“CS?)%) (Hayashi, 2009) . iT4F, ZOfEE %
TR T — 2O F B LT, IR EH OBREE, FFICKR TR ISR A B2 R 2N
B (REH ) b8l 4 DOHaD (Developmental Origins of Health and Disease) (Gluckman et



al., 2008) M H N TWD, ERRT YR TIL, A% HDWITAK R E ITHE 4B 325 9 <08 i 5 D4
5B EW OV O, BEZT TIEHZRDEER B ORI B E B ORBREN RS
LTWAHZENRHE SN TS (Levin, 2000) . A1 & OREE L ICEY, ZO% O H £
FERE 23 A S CWDKEBL S 1, RETAEE A7V T 47 (Metabolic Imprinting) %0 £ &4 M
X505, Imprinting EWHHEE X Lorenz (1970) 234 # sk & # 12l (R 328 & O ®h ¥ 17 B 12 ES
LCHWEA 47258 THDH, Waterland and Graza (1999) %, fNH# AEFH ATV T4 T % 1)
MM OBDLROENT-H O ZHICENL, 2) ZAZERERTI0ETHY, 3) TELIDEEEDOD
RThHD, £72, 4) TO R E ORI DR IR OFRE ITKFELTWNDZLE, HOLWIETZDORELE
DN ROMICIRENZRBER R HLEN) R TR ToNDELT, ZOAYF R eI, ¥1#
REMOREE, FFICEBREICBIZRNB AN LR RETLE (MA) 752 Ths, KM
W, IR E M OA AV RGO BICE T35 0T, B IR0k E W Iz 58 B
AL A MDD NEA L AV R Z 0%, M ORBHIEMEOK TR H R #E2 XL, iR
NFFIZBIT ORI T A D — D>OER LD gEME DR H SN TWDH (Plagemann et al., 1999a,
b, c¢; Dérner and Plagemann, 1994) . 7=, JEfii &t BB ICEE L2 KICE T2/ TV T o7
DOWFFEHEWEINTEY (McMillen et al., 2005; Muelhaeusler, 2006) , 52, AT VT4 7
Wt Z DNA OAF L — a3 LALnBRIT L, Y = X7 v 7 8 s - il 18 5 1 O fig BT 12>\ T
b A DR E TS (Waterland, 2006; Lillycrop et al., 2005; Godfrey et al., 2007) ,

UL EoXHic, e CIiEhe VB X O Ak & WSR2 B Sl EHNIC B Lo & 28, ITE 25
RZIoNED, KBFEICETIMAIE, hOTTLELTEYVETRLNDLOD, FEMICD
WA B2 % 0, Gotoh et al. (2005; 2008) 1L, RAAXALFE LB 42 HWNTHE R ICEE
A2 LIk, AR CTIRE T52LT, WHDOATERIEE LG A LB LT, W iF
REBIOVE BN O AR LH AN o’ mEL, HRNENERICERLDZLE
HONIZLTWD, e, BEMEOWEMAZ MRS (1—-10 A E) (28 558 6 R &4
HLIE®%, MBI EORER G THZETIEE (11-30 A#H) LizHa, &8 31 A
in) OIRE X 576kg, Mk EFHANOIENE A RIZ13%THY, PIMREYICHEOLER 5 L
BA LT, IKE T49kg, BN & A R T3.6%m VWM MEZR L (Gotoh et al., 2010a, b) , 271
SOEFIX, U1k E W o E A B 2 A I IS IRE HIE 0BT, HEENDD g E
WAAREREE &M TICBWT, LEROBERERLENEARICHEOLNDLIEEZRLTND,

FAF ARAFOBRHICBITI2HRERBR, Ho/LHEIEETF (MRFs) & A4 R Y U
E K+ (IGFs) @ BHE

£ AR ME B AR BR ; U 2 OO 1 R HE LA R3S KOV MR AE A RIE, RN ORI AR IR E TR ER
BRO—D2>THY, BRHEHRBREICENTR A ZRERICEIVELT S (Klonteral., 1998) , &
B O FHRMETERICE T 22 < OFEFZMNHELSHE I TS (Gotoh, 2003) ., I1F
FLESC BT, EH), EBEFRBI MR EICLERTRAREIEL AT S 200 LU EoF
BBERALTEBY, TRUENRHEENS 2 WVIISIMICIFEMREESH T2 T, —HED
{EEZ RS D, 70, BEMHIIFEEZNBS I OCEAEZHICHE ST LN N 200
MRl Lok &S D, EEOZEEME IS U CTRRRMEME IR IZBIMICEL L, =D&



T < OMBERBLOANDWRICE > TR I TWD (Peter et al., 1972; Pette and
Staron, 1990) ., FMHMEIZZ O = XL F - OENIT LY, BRACRBERIEMNED & < Rl
WCIEEh T D A AR ME, MPERERIEELN B BREBENICKRE RN EZRET 2\ BRI HHE
S i 5 (Peter et al., 1972; Pette and Staron, 1990) ., X512, BHIZENZ - x L X —JH &
LCEBIbMREEIT Y TBRIGRME, 7 a—rrzox X —HELTHIDNRHZITD
1B B e, 1A E IBROWEFOMRHRE D D A B HRHMEIC X > S D (Brooke and
Kaiser, 1970a, b; Suzuki, 1971a, b; 1973; 1976; Ashmore et al., 1972; Peter et al., 1972; Khan,
1976) . HEDORETAMIZAEL, BREOERFICHED L EEMIZEIC T BIFHHRHEIC L > T
R & 4L TV 5 (Smith et al., 1977; Walmsley et al., 1978; Zajac and Faden, 1985; Totland and
Kryvi, 1991) . #IZ, K@ ORBICMEL, BEMICKE RN E2 LR o EHICHDD
B R IE, B B B ARHEIC K > THEL S LTV D (Suzuki and Tamate, 1988; Totland and
Kryvi, 1991) . == —n8m ViEfHFTIE, BEMNE X OEEMICHER O RN Z b DM A
<BRIEZEAETDHZETE—F—=2=y NP IND (Buller et al., 1960a, b; Burke et
al., 1971; 1973) , 1M E—¥% —=a2=v M, AEFLFHETICBVWTEBREDO L5 ik
Bz ARE L T4, SHIZ, BEO L) RAFMNRETHZ HARE -7 —2=y b)Y,
BRI /e B A IIBME — % —2= v R > T 5 (Voellestad, 1987) . B A& f5 MK 13 =
NODORRDLHMHENED LI REAETHEENTVDI NI L > THRET H (Winters and
Woo, 1990) . — MR IZPH 2 OF #& 5 (S350 2 B e T A% plc i3, AL, H i, PRI, B A7 35
FOE BB HICIVRLRY, THORBELEALATORESRERD - >THD (Gotoh, 2003) ,

MRFs; B MO EILEIL, RHAFOERMEICESTEETHDL, ~RICEKHEHEK T
5 FH B B 2 W I AR A O 43 fE 121X, B3H1IT Myogenic Regulatory Factors ; MRFs (MyoD, Myf5,
myogenin 3 XU MRF4) "o biFEEEEZAL, B O~ALZ—T—2LL T MyoD family
N s I W5 (Wright er al., 1989; Hinterberger et al., 1991; Weintraub, 1993; Megeney and
Rudicki, 1995) ., MyoD family %, L #%1E &L CTbHLH (basic helix-loop-helix) EF —7 & £f-D
T ®#AK T, E-box N L TR G Z{E AL T DB K+ ThD (Murre et al., 1989) , vAX—i# (s
F &L TP MyoD family OHRE D — L, B M FF AN E R FOBREBEIEMHEIICEDEEZE LN
Do i BIIZ BV TH K R 3 O Ml 23 BLiLd &, MyoD, MyfS 235 BLL, 2% 7 il B % 7 25 4 B
NERESEHEFF 35, £D%, myogenin 23 2 MM 2B 5 B~ D 43 Ak 00 B B S0 & A A e
F7 (o) &, MRF4 1%, 5 & A OHMEFRF, & #& 0 (Ll #2405, Shibata er al. (2006) I3, ) 2l g
HE 5l oo B il B R # K 7 TH D myostatin ICOWTEEBRMEOH YR ES 2—10 A#E) B85
R EZRAE L, TOREE, 2 HmFFICiK D& VMEZ 7R L7z myostatin F Bl #1013, 10 A #inkE &
TOoKNBADLENOHERL, FoREETIK TToIL2#ME L, £72, MRFs I£ MyoD,
Myf5, myogenin, MRF4 O JIE TIEME L S, & KM HEE O EiE T MyoD & Myf5 7%,
Tt T myogenin & MRF4 NEMIZIG U TEBZoH LN OHE K LZFAHT T2 L E R
53 TW5 (Muroya et al., 2002)

IGFs;Insulin-like growth factors (IGFs) (X, (KN DIZLEAE DMK IZIB N TR EARLVEL DR
AT, ZRERRIGHEZRTRER DO —2>THY, AR LRI E EIHEP LR~
FRT&HS (Cohen et al., 1991) , IGFs DH1TH, IGF-1 3 KON IGF-11 138 4% i T& Al 8 72 0 T i 35
LT EFRIZBNT, ZN0EIVE T oL I B % 13 (Adams, 2002) . Matsuzaki et al.
(2001) 1%, RIVAFALFEEBRFOFKSH (5—8 Am) ICF — etz (BAK) HHWIX



BIBR (1.5%/RE HIRKX) B5 L%, IEEH (9—18 Al) X2 TORBR A IZF — i k& fa
BIEGAEOMEEF IGF-1 BEOCEKRNEZRNELL, ZORE, BE TR (8 Als) I
X, ERHIHOE AR EOREL KL, a8 X CHRX VA B WS IGF-1IE K%
ARLTED, IEE M IR B X EICETROOAT, MR XSS 11 H k2 300ng/ml F2 £ Thi
EEZR L%, BRI E OEITICELERAVWER =R LX —B O INIChL b o9, i
HOIGF-1 B E N 5228 E Lz, i o IGF-1 1%, TO KI5 B onhofia & B E
(IGFBPs) Lf5A L, 2MHI2KLY IGF-1 HEBE A & S Tw% (Hossner et al., 1997) , FfiZ
IGFBP-2 ZHW A oM EM O E, ALEHICEGEL, (R ¥ —f&E T TOR AR E
(RO L, I H IGF-1 3 B 2 5R fi L7e 235, Bl R BE B 128 U C IGFBP-3 J N IGFBP-4 D4 A b
EEALSELZETMAE S IGF-I BEZFH L CWDHEE LN TS (McGuire et al., 1992; Lee
et al., 2000) . B2, MIMI R E W ORF M4 T, B R EMBBICLEEL RITL, mRESR
HTFICBWTE kMM REZREYL T2 (Yelich et al., 1995) . #1Z, KBS FTizBW
T, 5 R BITIEIE TS (Day ef al., 1986) . F£7-, 5 IR PR B 252880, 1 5
IGF-1 £ E X, IEE OHEATIZELRVME T §725&F 25641 TW% (Breier et al., 1986; Yambayamba
et al., 1996; Yelich et al., 1995) . 7, Kamiya et al. (2009) 1%, HR/NVAZA T 412k 3
LM LALLM F 25, WA & TR (6 ) DONFIR-SCMIR S Vo727 W B OH &
ZIEIMSE, ZOZROIBEBLIOREHRELN LI EBHEICOVWTHE LT, 2028,
BB Em R BNRALEL G IR EHIE A, IGF-1 4O EERE THOO Y E I
RELL, ZOEML VB LIEEEZE 22BN, ZOXOIC IGFs WA O F I E L2 LT
TEERBERZEOOEDTHD,

FEofi ABEORK

Hayashi et al. (2006) (%, FHEPH CHREEE LE-BENEOBEE LR EMHICB T
LM EAERB X ORBBMARICOVWTHAE L, TO/ME, KBEE L-REENMED R
BHEIE, BEGEZHBICLIVIETSLESALEBRLTHARICK TN LE, £, WKEKEMHIC
BB EERTIDLT N 3%RETH-oTL0O0, TORBMEMKICEL T, LK
HEME A2 A9 5% Y / — /LB (conjugated linoleic acid; CLA) #|&1%, BEEMEZGIC X
WIEELELAE LR L THEICEN 2T, 2O LT, BREMEZHOIEE & ik L T
BHEMER TCOBRBIEEIL, REBMEERTTICELRWVWEERHLBENERE/MKTT2H0
D, TR F R a2 FF o T2 FPRAEEO A REME Z 78 L TV %, Gotoh ef al. (2010a, b) 73
WE LI, IR RSB IT 2 @R EEEG I XD WEREL ARFOREMEL X
OHWNEEREEZILET S, 202 &0k, F1H kRS o @& E 68 23 BEEACE T o B
BB EMEBLOHANENEERER T2UETIANRFED - DTHLHZLERLT
WD, ZORBEHIEL, MR OIVRNEBE TORIEPN R THLHLEE DD, W H H
WCBITARAAL L HBICLAMALE B ICOWTE, JLHEM 4 o%E MR EBXOWE A o
B IZ LB DM EFEIZOWTHESNLTWDIEOD, AHFDOREMHEIBIORWEMIRIZ
KAE TG X4 72\ (Tikofsky et al., 2001; Blome et al., 2003; Brown et al., 2005; Barttlett et
al., 2006) ., Gotoh et al. (2010a, b) X, WEMICEEAR®BEMNRALEZH L, TR (—



10 Hm) ICmREMBZ 2K T2 0EREB 2L 7-BRENEES 2 HEBOZ 2R S
HETRELESSG, HITHWARWHER, HEABRZMESETERBLIVIEFTLEZE G LK
LT, HWBEKHTOREHZESLOCETGEE M EALL ZLx@E LTS, 2L, A
DHIERFER TOBRBE VST RAMEGR 2 RFEEE L TRIMICHDZ Y FEH T
%6, BHEREMOSMEN, BEEABLIOFHNRGEORZE LT, ARl DORE
KMEFHELLEBT L LN THIND,

LT, ARBFFE TR B Bk OB IR R HERE ) ISRV AZA O W B EA D
HROLZMRE (REMMEMRE X SA2RZAAFEE) LT, WEY TomRENHALZ A
BLOFRMICRB T om KRG L6 LW EH 2, BRERET LELZEFTERBSIOE
BB D o3 AL T BR &5 MR MR IS R E S B a2 A L, F7c, BB M 275 L7
MIEE ORGEZ H LU, A8 88 2 i U7z 22 HE TR 2 o B 1F I3 s Co RO & 25, H A R o
AR ENE OB AR MERICKITTEELRETL22LT, HHERERICBILEE R
ERLEHLOWERE RO M FLEEVAT LORREA AT,



BINE BICMBTIARHEEREFFORBTHLERBUERIRETRE

2.1 ¥5

WHFRICBTA2MAOEBEMELITEMNRIEAZRL2ZET, 2O EME LR KBICHEFEIE, B
BRPWNEAEETHIOE, IEE HHE AR E WX EICEDEERE M LISk 258) R720 T
<, BERREL NV TOWHEBZYCHE N EROEBELH A CTE2, FIHHREHMOREF %
] ESER2L1F, BROREAEZEOIE-OICHEETHY, HE, RAFORETEEZRKEM
FEEHLZEMOOEDLEL TR EMOREMELZEHELLBIMERNEBEINLTND
(Abdelsamei et al., 2005) . B H O REOLIIRHAAL LN LI NOEGEINTEY, H—H %
NANRALU T EEAAE ICIVE BRI SAR AT, I EHRICH TR RO RLF
— I CThD, MALOEE oL —FIE, G, & B EBLIOHES O R KLY THE K
SNTEY, RHLAPLOEREBLOBENEREOEWS, MEMICBIA2THOREHIBEL
O TFEHEALEERICKIETREEEICEHL TEZLOWMENRIN TS (Tikofsky et al., 2001;
Brown et al., 2005; Bartlett et al., 2006; Quigley et al., 2006; Velayudhan et al., 2008) . %FlZ
Blome et al. (2003) I, R ICBU2H EREHE S BEORELZBEMELT, “RVXF—RE
MWELS, BAREDN 16—26%FTERLL 4 FHBEORMIALE 2—6 H i ORNVAZA L FEIE A 24
HLERER, BEAEGERNEWRALZE 5S40 R, HEEICER, KT OR
HEENZL, BB EBID ol 2 E LTS, 2NH0® AL, ME BT AH L
PODERAEEBRB O BEEICKEIEBEZRITTETC-HLTEY, L4, EAEZ®L
LI B 7 a7 7 522 b F 25, M5 F M m LB X O E H o B IS5 12 KD 5
P EA2H A EL TR I TWD (Tozer and Heinrichs, 2001) . 2O MIZH A F I LThH
ISHATRE CTHDLEE 2L, WA OB R EMICENT, ZORE LKk KIRICHEHESE, B
BB OREEFARICTAZL — AP AR EETHLIIR B E N R &
725, ZDOIEIZ DUV T Abdelsamei et al. (2005) 1L, BRIV AZ A FERE 742k L CTE IR (200 H
M) ICBESRHAREREOEVCREBFREENEERICERETEEIZONTRALTEY, RH
HOEMZHBIERBEMEN LICXOEE A ROEM N FIiE CTho LR FEIC, FHWICBITLH W N
FEN & A RITIE T LARWZ L2 & L, 72, Kamiya ef al. (2009) %, H/AZA UM 1412
* oA B ICLY, RO E V7N W B EEN/HE M TL2e42M A Lz, A®E Tl
RHEMERE 2RO, BmEARENRALEENHZ &6 5 T2 E 2D, WE Y O
FHEBCR L E R B ICKRIETEEEZM AL, £72, WAFOE RN MICE B CBE L2 F K5I
ONT, REDOFE LWL O E HI# 25 MRFs O3 BB IO M HEDOIERBIC K IZT B I
WTHIR R LT,

22 MEIBLIOFIE
2.2.1 HEFBLIORBRE G

E N CTEESN MR (BEMEME X RAVAZAFEM) BF4 2180 (% B 29.0+
1.3 Hifim;, AE 50.0x1.3kg) ICHLTH—ORMHIA, AN LI, HMEEELEERG T52LTHR
BRAEDOF —MHEXHERMIC, WBE2ARYh (Calf-Feeders TAP5-SA2-30-P,KFA3-MA3; Forster
Technik®) ~DEIE %217 77, 56.0+1.3 HEIZELZRBR A IZRBRBE B OKE, g, B



HHIREF oA EIKE (DG) (I2XD, 2 2ORBXIZX 2L, £ 90 HH (2006/11/1—2007/1/31)
D BERBRAFEMLZ, RBX O E L, %% (DM) Y700 iH k&5 & (TDN) :
110%, #HLE & (CP) :29%, HLAENG (CF) :19%DOHI % 1 Hix K 1.92DMkg #5935 H K
\Z 7 83, TDN:119%, CP:26%, CF:24% DX A F.% 1 H Hx K 0.48DMkg #5572 C X2 14 31 %
BliE L, N L¥. (TDN:83%, CP:26%) |45 KRk DL D #5 G L7z, Table 1 1245 ik X THa &
LERARLBIOANLHORER S EEZENET R L, HIX OB i L2 & B2 LG
H7ar7Z 8%, 5675 BENZ/TT 0.77—1.92DMkg ETHiE %, 130 Al ETHRAHK 5 &
1.92DMkg Z#ERFL, 131 —147 H 1T CTHEEAA ETHWIH L, C X T, 56— 138 Hls £ TH KX
fo - & 0.48DMkg ZHEFF L7212, 139—147 BT/ T CTHEA ST L, BEALHBREETO
ANLHAKEE 7753 HX BRI C KTREEL, 56—81 Al ET 0.43DMkg ZHEFFL, 82
—101 H#EZHIF T 1.3DMkg ETHiE%, 129 H# £ T 1.3DMkg ZffERr L7, BEFLH (130—147
H#) ONTHE 70/ F 4%, HX T 3.48DMkg, C [X T 2.09DMkg % | [R I #g L7z, 23
BRA- T B B LIS 2 K, B ENAG RIS 1 AW R W — SRy 2N TREEI L, K B B B —
EBDFEY—HE (TDN:60%, CP:10%) Zfaf X, SkIiT A B ELE,

2.2.2 AEEHE
2.2.2.1 FBBEBCRI B I OH F IR

HERBRYEFOLEHBRXICBILZRAAL, A LANOORBERELIORE, KR E
DEALR M ZFHE L, RALBLIOAN LA NSO RBERE L, BRYIE % 4 HIH (Period 1:
56— 71, Period 2: 72—99, Period 3: 100— 125, Period 4: 126—147 H#p) ICX /3 95Z&T, M
HeRvbhoFT —2054 8 @ DM, TDN, CP 3L CF # & (DMI, TDNI, CPI LT CFI)
EENTENHEH L, BERLICONTE, RBREBREBIOS MK TR EL, KBRS
F, 84 Afiin, 113 Al IO T (147 B ) IZEBIRME (KE, k&, +5F85, KEHs
KO ) %, BRI B L O T R ICEL IR 22 2 illl & LT,
2.2.2.2 M IGF-1 BIORT AV HITHRT7 74 —F¥ (ALP) BE

FRBXICETAMmES IGF-1 BEZLBIOB KO 7 ~—h—LL Tl iEdh ALP
BALIR M ZZNZENRAE L, B R BRI AREB LS M THE (56, 72, 99, 126 8L 148
His) (CHEIREVEZR M E CiEaH L, 72725125 0 B (3,000rpm, 20min, 4°C) (2
FOMAE A BE L7, HIE £T-40°C THAERAF Lz, M H IGF-1 & B O R & 1T 56 43 7 1%
B (&4t SRL) I2BWC, A EAZBRELZE, BN IGF-1 vV AE/Zu—F i ikEE —
A[EFH E R —HY— 12 L7= RIA [E fH7E (IGF-1 (Somatomedin-C) IRMA “Daiichi”) (ZXVHl &
L7z, £7-, mAEH ALP 2 £ OW E 1% Spot Chemll Auto Analysis System (SP-4410, Arkray) (Z
XoTHIE L,
2.2.2.3 5 MR METUAE AR 30 K OVR R ME EL R

A BRI (41 H#) BIOK THE (148 Hifp) 12, K EBHIV=— AL 4 FF
— (=T 4T~ 28 14 G) ICRVEGI T VERILE, N4 47 v — O Rl EE
LT, UIHEMOBE, EFB IR E FERICKE L, =— FA AL F T v — %
B M DB I, MR RGO HMRMEDOEITICTH > THRAL, 5 12 oMY+
DAL HHE 2 mm, RS 1.5—2.0 cm O FHAME 10 AR & [F AR O i M EITICRATE
A CUME L%, EONICHARERZPIC CAEHRMSE S & —80°C THEMRT Lo, BREHR



FINTEEHT 7 iE, BEMAMBREFORGICIDIHHEMERER 18, TA Bk X
OB M) oFE, HEEROMELZBHHNE LT, 7V AF AKXy b (CM 1850, Leica) #*
HAWTES Sum OEFEHEHET 2 /EH L, 30—60 SRR EZ L7=%, LLTO 2 EEOGRAE
Lo, FhARMEN OIA T ATPase {EME DR 1%, pHA.3 OFERR - HERR TRV L% E i T 5
Sy OBEVERTALEEL72%, 0.1IM NAEZ— L F MU AFRIBEID 0.18M HHAL VT AT
ATP ZHEE L TN AT ISR (pH9.4) ZIEE L, AiE TIX 5 o, %EF CTIX 45 o HRESHE
TAT 272 ZRHOET T T 21°C TIT 272, TDHE, 1%HAL /LT LT 3 [EPEW, 78 KIC
FVKRPE LIz, RIT, 0.05% SN E X — /L FhITLEEHRIZ 2—3 4y MIRIESE, KRB K TKEE, 2%
WAL SV NEHRIZED 5 IR Lo, A K CTKIELEE, 1%L E=ULEK T 2—3
A, KB K TRIELEER, KEEMEE AH TE ALK (Brooke and Kaiser, 1969) . £
7o, FRRRAEPN O NADH Mk B2 #F G M1 pH7.4 @ 0.2M U Be % il 12& ol p-==aF 73
R7TF =y PRIV AFRE= a7 =T 7YV W 23 D LT RS #RIT 30°C T 20 4y R TEL,
% H L7z (Okamoto et al., 1976) , D% KPEL, pH4.3 @D acetate buffer (25 7 HRIEL, SHIZ
KBELT=%, B A LTz, 34> ATPase 1 P35 KUY NADH M 7K 58 % 58 16 P D i D e 24 12 56
DX, HRKMEE TR, TTA BBEXO B B 3 SO MMERIZ5 8 L7-% (Brooke and Kaiser,
1970a, b) , & i R HE D E L DR E %21 ENAT o7, A d ik R o) B & il KR ME 1B 28 o 3
X, 250 5 OBMBE T EARE L TT o7, MisERLIZ, ER Z & IS #iiE 300 ML 4 B %
ELTHIBIL, ZoHAEERDT, HMHEOBERIIMHBELIRBTEIND EEHAED D WVIT
BEZAROWE GO, TORMIZHEEDAIERRFOEELZZ TR T WD, Kiihioxt
LTCEBEICRDLIHEED S LRRKOLDOEZZOMHMBMHEDOELR L LT (Brooke, 1970) .
2.2.2.4 MRFs & BLE & AT

KB X OF A 128175 MRFs (MyoD, Myf5, myogenin, MRF4, myostatin, IGF-1 33X
IGF-I receptors (IGF-Ire)) @ mRNA R BRI 2 A L7z, W BB B (41 A #n) BIOK
T (148 Rin) 12, M EHIONAT T —IEICEIVER BV TR LIz, B2 6 0
BHMEOBRRIZ=— LS F T =2 Lo THEMLIE, "M 4T —ORTRES L, B
MRMERIRE R B L O M E R ER Y T AR G ELFREE L B L 2B 7L
THERPICREERPICCREHRE S, LFOFIEIZ LV 2 FE$ 5 % T—80°C T
WHRERAF LT, == AN AT —IC X VM L& SH 8 om @ WU R A7 > 7 v i
3D I % ¥ — (Micro Smash™ MS-100, TOMY) (Z kX 2 ¥ it%E 1T >7=, = D%, ISOGEN
(Nippon Gene) , 7 B R AL LB LA Y 7 s/ — /L& HWT total RNA Z i L 72, fil
Hi L7z total RNA L, IREMEL LI OMEREZIT>72H%, —80°C THRIF L7, WG X
J& 1, First strand ¢cDNA &% v b (ReverTra Ace-a-", TOYOBO) % fH 7=, lug IZF%
L 7= total RNA IZ, % v MIZE £4 5 RNase Free H,O, 5xRT Buffer, % 10mM @ dNTP
Mixture, Random Primer (10U/ul) 3 & U8 RNase Inhibitor (10U/ul) % 1 2, 30°C T 10 43 [H
DTV A Fax—bFEIToT, 5l & & 42°C T 20 4 MRIE L CTHlER5 KK Z 1T, 99°C
TS5SHMoBLEDE, 4 °C TS5 pMmASEL, U7 /¥ AL RT-PCR I Line Gene
Real-Time PCR System (BioFlux) % H\»TAT o 7=, &%, 2ul @ W55 IS EY 24 10uM
DT FA<—BLY 5u0 ® SYBR Green Dye (SYBR® Green Realtime PCR Master Mix,
TOYOBO) % iz, 10ul @ & i S il F 2B\ T 95°C T 1 o B o IBVLEE$%, 95°C T 15
FoR], 59°C T 15 B[, 72°C T30 M OMWEIEY A 7 V% 42 BV IR L, Ro&T#%,



Gl & e & 92°C T 2 43, 65°C T 1 4y o @hfg i BRAE AT 2 1T o 72 %%, 30°C T 30 B RIE
L7, WEMEHREIE T LT, "V AF—E U 7 HIzT ThH D glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) #HH L, EMEERFORIEETE LT TITH> 2 LT, $llEE
FOWEENEOMEEZI Tz, 774 ~—I%, Table2 IR L7 LI IC U v OK#EETIC
kLU TEE L, BAlE, &#EEF O mRNA B2 b NIZT /2 AEHI A KIS, 774 ~—
#EHY 7 b =7 DNASIS® Pro (Hitachi Software Engineering) % i\ T L 72,
2.2.2.5 fREHALE
i AR R TSR X OF ) =SE TRL7z, #at ML BRIE, Student’s #-test (TR ER X [H (12
BIOHBEEDOKREZIT T,

2.3 FER
2.3.1 FEERREBIOREFTRNR
HWERBREHMICBI2ERBXOMNHALBIOA LTI 250 DMI, TDNI, CPI XU CFI
% Table 1 12" L7z, 51T, F MBI O AL BLOAN LI 50 DMI (Fig. 1, A; B) EfCHILE
AN LHNHDOH CPI (Fig. 1, C) OB % Fig. 1 IZTNTRLE, R EHAH L ITITIEH
EEVEIRES, RBR2EHEICOVWTH KIZBIFA2H I @ DMI X C Ewﬁi‘ %< leote
(P<0.01) (Table 1; Fig. 1, A) . A THICBAL L, BRI T 2B LT, CK TIXIFIEHR EMHEEY
WCEISNZb0D, H KOBIEIIFREME FE>THBE L, H E@)\I?LEHX%@ 130 H
W LABE O A LB E D ICEb 7o T INL, BB T RFIIEN 3.0kg/ B 1T LTz, 423k B
i % 3@ w:)\I?be%@%%?&ﬂwﬂﬂa:owﬁfwﬁlzﬁaﬁ ICH B REZITROLNIRN-T20, R B
BRI BIZIE, period 3 ICBWTC KON THERENH E;Wﬁi \2% o7 (P<0.01) (Fig. 1,
B) . ﬁﬁﬁ HENLIHNSEEENTZ/K CPI OHER L, period 4 IZHEITH H KO HAEBRED
WA IZEb > TR T L7, £DOfh D period (ZFBWVT, %aﬁ%ﬁcom%t CPI I MU nDHER L,
£ TO period IZBWTH KO CPI N C KEVAEEIZEZL /o7 (P<0.01) (Fig. 1, C) , s B
M OERBRXOKREHS % Fig. 1, EIORLE, FRBXOKET, 72 HHEFFICH X T 77.1
+3.8kg, C X T65.8%t1.5kg &7, BEICHXDIKEN C XKEIVA BICELZR>72 (P<0.01) . D
#% b period 3ECHXOHM A DGIZCXIVbEmVWMELZ AL, BEBRK TR OMKEILIH X T185.3
+7.2kg, C X T 154.5+14.8kg &7V, H KOEEMN C KLVA FICEHL o7 (P<0.01) (Fig. 1,
E) . #R B XICHB TR (KE, Ka, +58H, BHE, MEABSIORIE) OZ{IR
PLAZDWT Fig. 2 1ZRL7, 50— 84 HIMFFIZBITA H XKOKE, K&, +FHMEmBLOHEO
HEME (em/H) X CREIVEBEICRKEREEZRL (P<0.05) , 84— 113 HIFFIZBITHH XD
JEB OB B MEIZCKIVEEICRKRERMEEZRLE (P<0.05) , /2, RBE TRIZBWTHX O
HE, KEBIOEMNS CXIVEABICKRERMEAR L (P<0.05) , RBRHHFIZBITLHKX
DEMWO AN ERBLIORBRE TREOREM X, C KIVABICKERELZRLE (P<0.01) ,

2.3.2 M F IGF-1 BLXOALP B EE b

B BRI 0% BB IX ISR DM IGF-1 2 E OHER % Fig. 1, D2, i d ALP i
EORER & Fig. 3 ICZNEIR LI, & RBRIX oM 4 IGF-1 8 1L, 72 EitﬁAH# IZ H X T 289
+25.7ng/ml, C X T 107%6.1ng/ml 729, BEIZ H KO M HEH IGF-T1 B E S C KLVA BEITE D



o7 (P<0.01) . Z0%, NAHAABRENED T2 126 HMREEFTHEELMHEFLENALA R
B X o i 4 b IGF-T IR FE T HERB Li=b oo, 147 B IR I2IE, HIX T310+31.5ng/ml, C X T 270
+22.2ng/ml £720, BB X IZH B REIEB OO0, £ B X oM ALP 2 1%, 99
H RISl B2 R LI2%, BR& T ETHAL2ROHER L, 72 BHEFIZRIT2 H K o1
H1ALP JRFE (211£35.8IU/L) 1 C KIVABEIZEWHEEZRL (P<0.05) , 99 Ak izl W\ ThH
H X O 4EH ALP £ 725 C K XuEWE I Z7r L7z (P<0.10) (Fig. 3) &

2.3.3 MiRRAE TS R IS XL OV MR HE B

AR (41 Hilp) BLOW THEE (148 H#l) 12447V — XL B4 Ol
HEMHICBTDMEMER (17, TA R BIO B &) O alEl & 3 KOV #j Ak B2 & Table 3 I
RLTc, HFRBRXICBIT2RBE TROMGHFERERFSICELCRBRXHEICABEREITRD
b hot-, T2, HHMRAER OB BRAEEZ IOV THLRBR X IICH BEREITROLNR1-T-
LoD, WEBRATHIZEBWT C KIZB T2 TOMHmMMEOEENAZICH KL (P<0.05) , H X
TiX DA B R A E R OAF BEICH KL (P<0.01)

234 BRHBELCTRIERMRT

R (41 i) BXOWE THEE (148 Hifp) 1A F 7V —ICI0 R EL-RA B2 0l
& F 28175 MRFs (MyoD, Myf5, myogenin, MRF4, myostatin, IGF-1 33X O IGF-Ire) ®
m-RNA FEBUIR DI DWW T Fig. 4 1ZR L7z, B T HFFICH1T2D MRFs @ mRNA FEHR HLICD
W, HIX.® myogenin BEL & CXIVLA BEITERWEZRLIZLOD (P<0.05) , ZOfttoHEH
WZOWTHEBR X HICA ERZFTRDONRNoT, o, RBRATHIZB T, MR IX O MyoD &
IGF-Ire OFBLENA E I FL (P<0.05) , HX TiX myogenin 33X myostatin DR Bl EH A
FIIK F L7 (P<0.05) . W2 H XKIZHITH MRF4 13, BT ICBWTHEEICERLE
(P<0.01) .

2.4 B
241 RALEBREATILEROBE K

AR DOREHIZBITL2F 4 ~0{bHE I T2 ALLT, CP KELEHDTRAALOK 5
WCEOF 4 D A BB N T 520885 SN TW5, Bartlett ef al. (2006) 1L, K" AKX A U f&
B4 59 BHZHWT, TXAX—GENELLS CPEEDN 14—26%D 4 Bt TR 5
M %, KED 1.26%H 501X 1.756% 5T 2R B ATV, ZOREML X OIERMR %
HLE, ToE, {RHALTO CPEEOHMIZEIY BEEIMEL, EhETOEAE
HEEITHENT20NEMEEEITRTLE, £, ALK EEHMNICLY, EREH
OEEEEIHEMNTI2PNEAEEEETIETNLEZ, RAS O CF AK¥EICE#E L T,
Tikofsky et al. (2001) 1%, CF & &% 15%, 22%3B L 31% DX H 2 W CRUBR & S0 L 7= %5
B, CFIDE WL DMK ~DOREBIIROLNLWEO0, @A AL EZH 5L+
FORBIEBEEN ML, KAEASZEEENBD T522HE LT, EBIT, Hill er al. (2008)
I%, 24 BHORNVAZ A FRMEATF 2T WT, (KE BB (CP:20%, CF:21%, #i 5 & :441g/
H) , m&EBIKIEN (CP:28%, CF:20%, #4 5 & :951g/H) , m&E A &AL (CP:27%, CF:



28%, ¥ :951g/H) DIRAALEZHKRE T2 3 ABRXKICMx, @EAEBEHEZZ2K TR KX
(CP:27%, CF:28%, #h 5- & :1,431g/H) #REL, TOHEM, FERFIZOVWTRALL, £
DifE R, Tikofsky ef al. (2001) EFIERIZ, mE BKBEN ORA ALK G LB F D DG IX, &
EAEBEHORALERGLESEALE VRNV, KEEHEEITABZICK FLE, &5
W, RAADOZHBICEVNLH OB E G SN, ZHDRE R iX, RAALOK LG &M
BLOGEBEHARHALOK X, KIEEEZRE T LRI, N LHOEBRIZE S TR E2HI R
K 7Bz bzmmL,

AR TIE, MEWICBTAR MR Fom B EREREIELIEEZHMEL, H XD
FAFIE, CRELASCP &% 3%m<, CF & &% 5% E L, [AKFIC, B 32 E s kY
FHBXONALEREZ AL ICa b — L3520 T, RBRHIM T ICBITS H KO
MHD CPI & CFIL L, C KEVZNZ 4 30kg B 16kg BRI ML=, H KIZHBITDHAN THALMND
@ DMI 7% period 3 IZEBWTC RIVABITKRWEZRLIEZEEL, IKEHRHAL TH-oTHENLD
EEATHIET, H KOBHEBIDSEE LY, N THOBERENMGISNT-EE 2L, &5
W2, HEHICBTILF4ADON LHAEBEREEOEARIDIZBELTE, 5 —FH 23 OELEE DR
BEBRBTIOILENDD, —IZ, 56— H X 14—56 H i BF OFLH: L= i B o8 Bl % i ko &E
ICHETHEEZONTERY, F—HORZBIITMEOFE, KRS, E&E, K EZo AT
AR EZDOW UL HE T B B % K IFE T, Kristensen et al. (2007) 1%, HR/VAK A FE 1 1 2 O
AEOEVWHAANLABMELE —BNERE, MMBORBFTICKITTEELHE L, ZO/KR,
L EHMNIZEL AN T BIUIMGI SN LR RFIZ, N TG0 DMI OEWIXE — H i F&
BIOERIZBIDEMEBOREICEEE R ITSRWVEOD, N THNHD DMI BE W B4 O
RKBELE —EOREENENTIZIEE2ME L,

AR TIE, A THNHD DMI 2O E B S Z—V N B XM THRe-72, A THNHD DMI
W2 DWW TIE, period 2 £CH] K IZZE B ITB OO -7273, period 3 TiX C XD DMI 28 H X LD
LA EBEICHEIMLEZENG, ZORFM 2O C KO E OFFE (E&) 25, HXXVETLTHML
o HEZR ST, period 4 IZBWTC, H XK TIEAAH 2260 DMI O I, AN TH 250 DMI
DR EAPRBDOON, ZCORHICKBBEORE (HE&) OMMAGIEEIESnEHEZIN
Too B —HNICBITD7fEIEE LR EEPOORINEICELT, S HEER O TN TH LT
L C/hEVY (Anderson ef al., 1987) LB ZHNLN, ARBRICEWT, £ B XIZR T L0 B R
WMEOCHEENNE Thollod, M EEWMB KA B I KIETHEOEMIIONTITAS B BN
VETHD,

242 RAALATIHABERATANMME S IGF- 1 BELEEFTHICKIETREE

IGFs (XA AV LS MA@ EICEH B LRI T FRTHD, IGF-T1 1L I T & hRrEr
WZEDHNP ChHwmIi, Z<OBMMOR EIZE G L, R/ A, B OM M IX IGF-1 D5 2% i)
<% \F% (Cohen et al., 1991) , AL E LM 4 H IGF-1 2 OBIFR 2D\ T, Barttlett et al.
(2006) X, WEMICH T HMmHEF IGF-IRENRH =2 LXF—R LV S CPLICHWVWIED
BN S L 2WMELTRBY, ARBRICE T 2M4Ed IGF-1 B EOHR (Fig. 1, D) 2%,
RAFLENTANLDOR CPIDZEALIR I (Fig. 1, C) EEERILIZZ X, BEW O &5 R %2 A1) 7=,
— B 4 R O BE IGF-1 1%, D K #5453 IGFBPs EfE A L, T 52k IGF-1 BERE ST i &
ALTW% (Hossner et al., 1997) . ¥ ICIGFBP-2 XUV ¥ sl B W DAk & - FEAEHIZEE 5L, K



TRLX—FHE T TOERARBIIKISL, BEBEMIZIS U TIGFBP-2 & U IGFBP-3 O ik bt %
FALSE 2RO IGF-1 R EZRE L TVDHEE 25 TWD (McGuire et al., 1992; Lee et
al., 2000) , ZOZENDY, MEHIC TéﬁﬂhL CEADTEHMEALE NSO AL—X725E B E W IX
I%, IGFBP-2 #H L LR A E AE A RIS B2 KIFL, 4 IGF-1RE LN E3H5E5 2
bz, UL, ARBRICBWTHE K y 7—2 IGF-1 {2 )%, Sl A% x 2% CPL LU A, mi&
D MIZIE y=1507.5092X-1005.7685X-161.4552 (R*=0.6209) @ "R E REB H SN 7= (Fig.
5) o ZOZENE, Wi E M OB M CPI o F 23, IFIRICI T 220197 IGF-1 & k&2 7 LH A
SN EERE LT, KA H B ORE G OWE LRI BN+ 2B EL T e
HEEZENDH H XITHWT, period 4 DR LB B & O 2B 1SS N LHAE R E ORI
2T D CP1% 0.6kg UL E D@ WKEETHER W72 (Fig. 1,C) . Lo, 3 —IZ1H AL I F] A
R DI HIL A KD CPI BDRIBICHAD LIZZE, & T ICEERTORHEE TOANLILDOLT
o7, EICE N HICBITAHEAEEEN T2 I EL TV RN N THOHALICRMEE T 5
ZEIZEY, THELEPLTHAONICRNENLIEAEENP RS TIHb0LHELEIND, &
OFEF, AR NK T L 147 BEFF S Tl 3258, A THMHO DMI X H X (3.03%
0.29kg) T C X (2.29%0.18kg) Wb A EICHWMEZRLIZHDOD (P<0.01) , M 4EH IGF-1 &
JEIZEITR DN -T2, ZOZEND, $hR W72 IGF-1 OA KL E ORI, KAHE2E T
HEHALRINEGE ORZEICELET, BREAREZNHLPOAN LA SNKVAL—XIBITSELTE
T, BEFLFEHI O CPIZ @A ICHERFL, VR MICE I ER D ZWINFI H S5 ENEETHLEE
LT, KRB T HRXICBILZRHAANOEREEZTE LT 50X — B RLE O M, I
e T IGF-1 & Z Rt T 5628 T, RBFDEE L 7 L — L A X&H LB 2N,
FRICRABRBA MG EZ OIS HIBRFETCHRX OERE LA R REO B BIN &1 F LBENTZZE0D,
FOFDOAT —IZBNWT, TOHENKELRDIENRBENT-, H KIZBTHIE LA Dk
BRAE O B 8N &%, B IS0 IE X, LBOS B M EIC OV R B X #1024 7
RO LNRnoT, —J7, WP DG 1% period 3 (125 Hiit) £T H KA C KXvENT,
Hammond (1932) 1, & O E B E #Hh#RI2BWT, *ﬁﬂﬁﬁ%%kﬁ*%@ﬁi%ﬁﬁ%@wﬂﬁ;%
BHRINAZELEEZT LML, ARBRICEBWTHHRLH B ICLVEK OB R DB IEIN, Z0%
¥ fh % 2 LA NG RS M S, (R EE ASE N L7 B HE 2R énto [ BH o> B 8800 £ 720 3 Mt o
FEHREORESENT, B (84—113 Hin) ML EOEENBOLNZ, ZOZE
5, H KT EERSNEZRALICEISZENE TOT—FERDOEEN, C KIZBIF5 A THLE
BUCED B E AEEMEVS, BHEOEIMIZRIETHENREDSTIEE2RB L, 2O 8T
BESLIFH) (113 —154 Biim) © H RIZBITHEE O H #N &2, 2l _ﬁwa;_m:%#ﬁ;ﬁé
iz, iz, s o ALP 0% <%, FIRBIOE B K THY, lEMOMmKEH ALP 32 1L E ik
FOEED—oL72% (Charles et al., 1985) , 72 H#iFFICI1T2 H X oM ALP #2 FE 2%, C
K EoAHEICEL (P<0.05) , 99 HEEFIZHWTHE WE A (P<0.10) Z/xL7zZ i, AL E
DR EMICBI2B R EREL, 7L —A A X% 0 LSS E2E NI,

2.4.3 FIMIRRHIEREKIC &%fijﬁ’%ﬁff’ém*%ﬁﬁibi()\ﬁ%ﬁ% B DOEA

— AT A O A& ISR T D AR R A Rl 1, SRR, A e, MBI, A R AL 0 K OVAR 2R R
HEICEIV RS (Gotoh, 2003) o I HERE L O W Rk R WIS 351 2 5 AR e B A R I B o
1ZA 72 0b DD, Greenwood et al. (2009) 1%, BEFHLZITAHREL 10% A SELI0 B R x/L¥



—HIPRZ N 2 72F K20 T, 115 B S35 M0 & 5= 7 0 /) 53 HE RS Bk 36 & OV i 7% b
RELHE L, TOR R, BEAL#% O DG 28 0.2—0.6kg/ B f2E OEF KA L LT, 7 1Ak 7A%
FAZZEBITBOLNLNVE OO, TR F M OmE L BN L RHIEEMEL TND, ZOREFIT,
ARRBRETRFICB TR E GO BRHEBKBLOERIZONTRE XM IZZEZITRDOLNRWN
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LT BENELWHIHIREMICBITARBREOERDN, ZNOOF MRS (LIZEDLD
AR T HEICKRIETEEBICOVWTHELZ, MyoD 3L IGF-Ire ® mRNA % Bl & 23, il il Bk X T
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R, 2 AWK ICHRDE WEZ R L7 myostatin FEEL & (X, 10 A B ETO KD LB bHER
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to GAPDH) DL EZ/RUL7Z2 MK ZR W56, TOMEIX0.113£0.016 725, ZOH A, CXTO
RBRATZICHB1TD5 MRF4 BB & IIWINE 2B OONL6DD, HEREATIERINo72
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Table 1.

experiment.

Composition and nutritional intake from the milk replacer and dry calf starter in the

Item group H group C
Composition (% DM)

milk replacer
DM (%) 96.0 96.0
TDN 110.4 119.0
CP 29.2 26.0
CF 18.8 24.0

dry calf starter
DM (%) 86.9 86.9
TDN 82.9 82.9
CPp 25.6 25.6
CF 4.3 4.3

Intake (DM kg)

milk replacer
DMI 139.4 £ 1.19 41.6 £ 0.04 **
TDNI 153.9 £ 1.32 49.5 £ 0.05 **
CPI 40.7 £ 0.35 10.8 £ 0.01 **
CFI 26.2 £0.22 10.0 £ 0.01 **

dry calf starter
DMI 84.5 +12.09 94.0 £ 3.03
TDNI 70.0 £ 10.02 77.9 £2.51
CPI 21.6 £3.10 24.1 £0.77
CFI 3.6 £0.52 4.04 £0.13

group H: n =7, group C: n = 14.

Data are mean + SE. ** Significant difference between groups H and C (P < 0.01).



Table 2. Sequence of primer pairs used for determining the relative abundance of mRNA for

MRFs in LT muscle of crossbred Wagyu steers.

Amplification

Gene Forward Reverse
size (bp)

MyoD 5’-GAACACTACAGCGGCGACTC-3’ 5’-TAGTAAGTGCGGTCGTAGCAG-3’ 122
Myf5 5’-GCTCTGATGG CATGCCTGA-3” 5’-GCTCTGAGTTGGTGATCCG-3" 168
myogenin  5’-CAGAGGCTGCCCAAAGTGGAG-3" 5’-CCAAACTCCAGTGCGCTGC-3’ 200
MRF4 5’-CATCGTGGACAGCATTTCCTCG-3> 5’-TCATCCGAGCGTGCACAGCA-3’ 241
myostatin = 5’-GGAAGACGATGACTACCACGC-3> 5’-TGCACAAACACTGTCGCAGG-3’ 198
IGF-1 5’-CATCACATCCTCCTCGCATCTC-3" 5’-GTACATCTCCAGCCTCCTCAG-3’ 250
IGF-Ire 5’-GTGACGTCCTGCACTTCACC-3" 5’-CCATGTTCCAGCTGTTGGAGC-3’ 186
GAPDH 5’-GCCGTAACTTCTGTGCTGTGCC-3’ 5’-TCTCTGCCTTGACTGTGCCG-3’ 226
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Figure 1. Changes in the DMI of milk replacer (A), dry
0
calf starter (B), total CPI of experimental diets (C),
(ke) concentrations of plasma IGF-I (D) and BW (E) of
190 L .
170 groups H (@) and C (o). The examination period was
150 divided into four (Period 1: 56 — 71 d, Period 2: 72 — 99
3130 d, Period 3: 100 — 125 d and Period 4: 126 — 147 d of
&110 . e )
% age). Data are mean £ SE. °  Significant difference
70 between groups H and C (P < 0.05 and P < 0.01,
>0 ' ' ' respectively).
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Figure 2. Changes in the distributions of body frame measurements (BL (A), WH (B), HH (C), AC (D), HG (E)
and TW (F)) of groups H (e) and C (o), and growth rate at 3 periods of groups H (m) and C (0). Data are mean =
SE. * ** Significant difference between groups H and C (P < 0.05 and P < 0.01, respectively).
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Figure 4. Fold difference in the expressions of mRNA of MyoD (A), Myf5 (B), myogenin (C), MRF4 (D),
myostatin (E), IGF-I (F) and IGF-Ire (G) in LT muscle relative to the endogeneous reference gene (GAPDH) of
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group (P <0.05 and P <0.01, respectively). * Significant difference between groups H and C (P < 0.05).
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7= (P<0.01) , F7=, RBMIMZ@UCTIS KER KOXMEIZLNBVRNLHERBL, B HEFRBIW
HTRICBWTIS KOKEIT R KEVA EICEN-7Z (P<0.01) .

333 F—BHHNARMER

BRRARBRK TH (294 Hiit) ICBUT2RBRFOE -HNRET pH, ToE=THEEZRBIV
VFAs J2 £ % Table 5 (ICZTNZN R LTIZ, RXKDOT UV E=TRREFZEEBLO VFAs OILEEE, A
VEER, FEBREEIL, mMoRBRXIVE BEICKRWEZ SR L (P<0.01) , BFEERE B IOEE
f/ 7oA B A OW TR KT E R EZ R ITROONR>Tb DD, R KOT ' 4 iR
EHS VFAs R I1E, H KLV A BEIZK2 -7 (P<0.01) .

3.3.4 M+ IGF-1 BEZE

Bk BRI R 0% BRI ICB DI HE T IGF-1 i E O Z LIk % Fig. 9, A2, B AR
B2 2 B (ATHI:148—210 H b, % #1:211—294 H ) ICK LB A O Fig. 9, ADDHE H &
NOEMWBIOWBAEICRKITL X WEORE 0 (riwbmfEt) %« IGF-1 p i & OfFE L LT Fig. 9,
B IZZENZEN AL, pi I H KBEIWN IS Ko fEf IGF-1 8 E i3 EFEm CHER LEZL0
O, R KO 4+ IGF-1 ¥ X BRI 4a % (182 H i) (2 198+=7.5ng/ml FTIK FL/=t%, E
ABEE THB L, HX>IS X>R KONHICH B AZ2F>THR L (P<0.01) , £z, ATHICB TS
4 WA T FE 2O WTH [A BE O 1 3B D H 72 (P<0.05) . BB W THX BEOIS X I 4
FIGF-I IR E IR TLARROHB L, RBRXH oA ERZEITH AL, £72, R KO M F IGF-1
REZEFLEPOHEBL, MORBRXEOFEEZ2 —MRFLAPLHER LIZLDOD (238 H
#:H X, JS K>R X P<0.01) (266 H i :H X>R X P<0.01) , #& 7K (294 H ) ICIE42TO
AR XA B EITRBOoNRNoTz, £z, BIIZB T L0 WHEHE L IZOWT, R Xl O R
KIVEBEIEVEZRLIZLOO (P<0.05) , HXEIS KoOMIZH BEZRZFROLNT, R
M E O W I L ICOVWTEL, HE2Z R KIVAEIZEWELZRLEZ (P<0.05) .

3.3.5 f AR ME T AR RR IS KOV R A AR

BB T (278 H#R) ICAF 7Y —ICkER LR B 4 0 I i B 55 2B D 5 #
BT, HA BB KON IB &) Rk El & 3 LU M HE B 4 Fig. 10 12 Lz, RUBRE T e
BUHEHABR X O MRS & ICHBERETROLNL) o7, £, H KBEID IS KD 1
LR L OV ITA B 5 Sk B AR 1T, R KX0b A B ICKERMEAE/7R LT (P<0.05) .

3.3.6 FRMHEBIL T REATEMBT

BRI T (278 Biif) IS4 F 7 =2k BLZRABR 4 O i & 5 12815 MRFs
(MyoD, Myf5, myogenin, MRF4, myostatin, IGF-I 33X TN IGF-Ire) ® mRNA % BLR 2>\ T
Fig. 11 {Z/RL72, R KIZH1F25 MRF4 ® mRNA % 8l &1, Lo B X L0b A B ICERWEEZRL
7= (P<0.05) ., L/, L, ZDfid> MRFs @ mRNA FHARPLIZOWT, & R X CFH & 722 2 1358



OO T,

3.4 B8
3.4.1 BEAMIBOREBERHEIRERICKIETE

BRRBRHIMICK TS H KOG 5B REL ML, IS KIS ESNICHEE LT
(Table 4; Fig. 6) , Aif] (148—210 H#n) , % H (211—294 Hifp) BLORBR M E R BT
L2 RBXO—HBHY DMI, TDNI, CPI XU NDFI ’Be‘ﬁbf H X & JS X O IZHE 3 70 A4 B

TR OLNAR) o7 (Fig. 7) . SHIT, BRE TH (294 Bifh) CBI2BR4‘ 0% —FNEFIK
EF'pH T UE=T %%iUVFAs/&%ﬁ W22V Th, HX LTS KORNIZEWIEFR O LR oT
(Table 5) . ZNHOFEFIL, HX LIS KT m%&*%ﬂ% —HANRENRSE CThHo7m2
LE R LTc, LU, H KOKRE, KEBIOHH X, RBREGBEERICBITS IS KEOR EEZZ2MR
FFLARNOKR TRRETH B L (Fig. 8) . KEROEIZ, BHITHBOMENER THD, £z,
fg BH o> 25 AL 1%, HEB & E % UT AL & AL DAL &L R0 0 ik 2 oD B i e A D Te B O 36 B ICh
SELE BT, SBIT, TNE A AT, FORMINCHLE FTIEMEICLEEIND,
REEWEIL, ERHREICKREKEET IR ORILERIEZRE TS, FNE TR LI, WE
HIZHBITLO2HXEISKORHAIALNO DO BUR#E K FILREE Y, HIX O TDNI, CPI B XU CFI
X, ISKOZNZIN 3.1 1%, 3.8 BLN2.6 fi5Leoiz, ZNOHLIEX, HEBHMBOMEIX, WE
HORHALPSDOBER T SLMICHEREELZTI2L00, BERMOBREESLMENEHL LT
HEFF SN A, WAK TROERKEZZOEER ML CRE T2 LT,

WIZ, BRRRBRE TREOEFEIZELT, RBRXHEICA ERERPRBOLNR o722 E1E (Fig.
8) , K\ DAL ﬁﬁkﬁ;q@ﬁﬁiﬁ%*ﬁ:@%ﬁ?%x R AN a7 N B N & =7 = G o T = e ST O]
B g e el M EDORELZE 2 T50, AWM #EE2 N I TR 5 CR@gE2>55F
OB CTHEL TS, MX%EEM%M i, BT 2R B SEDEE BRI, RE A ieZ e
O, AT D ELERB O FEONRTANGKREZGIE T TN N EECSELARMERRES
e, B TRROBEHEMEAEIZEL T, HXE IS KORITAE] %ﬁ&)%ﬂfmxok%@@, R X
T OB X LA EICKWEE R L (Fig. 8) . OB EHA T EKkz2E £, 5 - H &P
D ELTENE, IENER TREM BEONE M %5 DR EF O ELZT5H, F7I12, R X D NDFI 23 D
RBXIVEEICHMLEZH T, R KehoF B IX O OZENHE Tho7loZenb, IEH
R B RTINS OME M, M B 2.0 LB B E ORFE (NDFI) Lbd, RE
fAktE & O-EE (DMI) ORBLPF I TDHEE 2O, 72, H K& IS KIZoWTIE, %
MO ba BB ~DORE O E BB IC R IETREBL RIS, BARITEFICBTLAE L
HASHIMOEEZ, BEIAAAETHBOEREZNZNARLTWVD, ZOZEE, ERBORIE
ARG 52, EEEOIERICEEBEZRIET T2 L, EEEIEBE, I0EFBIOKE TH RS
AU, WA O T B IEE AL E TR B A ICKE IS, 0FEY, BEEOKELE K E DK E
EIRZITDHEB IO, BREEE ERZRY, Bk O = fDBHE BUC L D55 O BE 9k 2358
bz ik, Ak, ﬁ&%;ﬁkbf*ﬁﬁﬂﬂrﬁ LERINDITFNAX—IX, B AR OEKEK O ((Ki)
INLESLESEZERNICE BT SE, BEMEBNOERSNZEE 2= 2L X =0, KK ONE %4k
KL, %@%%7&&%@“57‘_ B E R (hE, B8) OERICHAINDEE 2N,



342 BEALRORBSMAELMIFTEF IGF-1 B E OB

B 1 ETH 7L, IGEs 1A DIZFEA LD ICB W TR ERLVEL DR B LZZ I, £5%
BRI ERTRER 7O —2THY, AV AV LRI NEEICEHLPLERIXTFRTHD
(Cohen et al., 1991) , IGFs ®H T, IGF-1 BEL O IGF-ILIT'E #& i TE B O F it B L O LR
BWT, ZILEIH K oL TE RIC R B2 KX T (Adams, 2002) . E£72, 5 0% Tik <72 X912,
EEANRAALZHBICEMLE T IZMEE S IGF-1 B EZE ISR 75000, BEILIICH T
DRI E O FEIZELE T, BREARARHALPOAN LA ~LVRL—XZBITSED
TET, EMICERE R D ERINA HSELENEE CTHDH, £7-, Kamiya et al. (2009) (%,
RNVAZA TR F IR TomBEBARMAAZHE LML T, WHEK TR (6 @) OIF
O L\ NS TN D WA E EEZMINSYE, TO% O HERBIOREMEE 2 m w50 6
PEAZDOWNTHRE L7z, BRATH (148—210 H ) IC3102 H K& IS X O B = R Pl ITiE W
ROLNRNSTeb DO, H X O I o IGF-1 i 1L IS KXV @WK ETHER L, H X D45 WA if ]
N TIS KEVA BEICE WEER L (Fig. 9) . 2NHOHE Rix, b HF2E KL H XIZTBW
T, Wi BEHIC IGF-1 GO EEIRE THLFIMA Y B IC K ELeD LR KREIZ, B kAl I E E
MIPOOE AR ENRFEFELZIET, BRMOBIRESLGENFASE CThHo7/z JS KXY, H K
O AEH IGF-1 I E N m MR SNz &a R LT,

3.4.3 BERBICBITAH MR ER, HRMEERIBIO MRFs BEHOZE L

FIE TR RIS, WEMICB TR ML -4 ~DRBE M LME L, WK EHOEE
FHEAL I B E RIEXRNEE 2D, B A R B 4 B o i SR e B RS Bk & i R HE A R c B L
T, Al BEXMICERIROON2h ol iz, BRGRBR K T RO R HE R ik iz > ThH 4
AR X E R ITR OO -T2 (Fig. 10) . ZOFE BI%, BRI ZE O KEY (—10
Hn) [CBTORBSEMIE, WEE G O MMERERICEELYRIFISNWIeEdR L, —FH, F
R BRI TR O ARME IR BIOTAR) ERICEL UL, BREFF T CTHELZHKEBX
D JS XA R KXVAEICKERMEAER L (Fig. 10) . OO FRHEIZR D S E & OILE
L, BEAL R ICBU2EAEZT OELZEBIURE®EOEIMICLLbDTHL, —KIZ, § & O
A EL, EBORFICHLIEBRMHITEIC I AHRMECL > THEKESLTWD
(Smith et al., 1977; Walmsley et al., 1978; Zajac and Faden, 1985; Totland and Kryvi, 1991) ,
S5, FmMERsIcAmNELDZ T, TARMET—F—a=yBNEMILT 5, 1R B X
O A BBHBEHETZ<OINa sy RITERATDH I LT, BIERBERIEED & FFc
IR T 2 RAafMiEE L TR IS, 2F 0, MBALRERIGMES & WVIRAG&EMEDE
PRIL, FRFERBERIGMEN BV 1B B MRMELIVL, BRIICBIIRERMNFOEELRIZT,
R A EHE UKD, SRRAEOILIEMME#EShDEE BT,

MRFs (MyoD, Myf5, myogenin 3 X U8 MRF4) i 0 b FHHRELZAL, BRRH DO~ AL —
—>LL T MyoD family 2W# %5 ST\ 5 (Wright er al., 1989; Hinterberger et al., 1991;
Weintraub, 1993; Megeney and Rudicki, 1995) . —#ZIZ, 5 €l W TH #& i 5% 3% O #l fal 23 8L
N5 &, MyoD, Myf5 235811, 20 % il fo 2 i) 2F Ml o ~ &R E S HEFF 35 (Weintraub,
1993) . D%, myogenin 23 3 Ml Ja 725 755 B ~D 43 (b D B s 07 & Ml Bl o ME F7 12 =, MRF4
DS R B DREFE, B L HI I 245, Zofth, IGF-1 B A& O E Bk BIR L Tmbi
TV, BK TRHICEBWT, 2R B XICEITDH Myfs & IGF-Ire ® mRNA % 8l & (X, fth © MRFs



FOHEBH LMK L XL Tho7- (Fig. 11) . ZOZEiE, A MM £ 5 D MRFs BiEEA, B L HIC
BWCHERROBIREO LRAD N A~BIAT 7522 mmle ULz, REBR& TR OM K EH IR
W, W R B DME R, B LI 2455 MRF4 @ mRNA J B & 12OV T R X T O3 BR X
FOL A B ITERWEEZRLIELD D (P<0.05) , ZOM > MRFs D% HAR I R BR X B TH B 72
TR OO ol ZOZEIX, B OREREG 523, MRF4 OB BLICEEL TWHILE
AP ERFELZ, MRF4 ORBLE OB N A, REAHRHEIZRO —BER CThHLHTRMEERBE LT,
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Table 5. pH levels, concentration of ammonia-N, and principal VFAs in rumen juice for groups H, R and JS in

crossbred Wagyu steers at the end of the experiment.

Item group H group R group JS
pH 6.6+0.1 6.8+ 0.0 6.8+0.1
Ammonia-N (mg/dl) 9.6+06 15405 82+06 A
VFAs (mM/])
acetic 292 +£2.0 23.4+0.6 275+2.5
propionic 9.8+0.7 A 3.3+0.1 6.1+0.8 AP
butyric 74407 A 330.1 6.1+08 *
isovaleric 10+01 ° 0.7+00 09+00
valeric 09+01 05+00 08+01 "
total VFASs 488+32 35.6 409 444439 B
VFAs A/P ratio 2.0+0.1 3.3+0.0 32+0.1

The age of the end of the experiment: 294 d of age.

Data are mean + SE. ® Significant difference between groups (P < 0.01).



— Nursing Period — F— Rearing Period (Experimental Period) —>

55 155 294 days ofage
Group H
(n=7) Intensified Nursing High Concetrate TMR
Group R
(n=7) Standard Nursing Roughage

Group JS
(n=6) Standard Nursing Japanease Standard nutritional level TMR

Figure 6. Pattern diagrams of experimental design.
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Figure 7. Changes in DMI (A), TDNI (B), CPI (C) and NDFI (D) resulting from the experimental diets of groups
H (M), R ) and JS (O), of crossbred Wagyu steers during the first and latter periods, and for the entire
experiment. The first period: 148 — 210 d of age, and the latter period: 211 — 294 d of age. Data are mean + SE. "
= Significant difference between groups (P < 0.05 and P < 0.01, respectively).
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Figure 8. Changes in the distribution of frame measurements (BL (A), WH (B), HH (C), AC (D), HG (E), TW (F)
and HW (G)) and BW (H) of groups H (@), R (O) and JS (©). Data are mean + SE. *°*® € Significant difference
between groups at the same d of age (P < 0.05 and P < 0.01, respectively). "; P < 0.07
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Figure 9. Changes in the concentration (A) and calculated secretion area ratio (B) of plasma IGF-I of groups H, R
and JS. A: Changes in plasma IGF-I concentration in groups H (@), R (O) and JS (O). B: Calculated secretion
area ratio of groups H (l), R () and JS () during the first and latter periods and for the entire experiment. The

E. * € Significant

first period: 148 — 210 d of age, and the latter period: 211 — 294 d of age. Data are mean + S
difference between groups at the same d of age (P < 0.01). * ** Significant difference between groups (P < 0.05

and P < 0.01, respectively).
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Figure 10. Percentage distributions (A) and diameters (B) of myofiber types I, IIA and IIB in LT muscle of
groups H (l), R (.J) and JS (O) at the end of the experiment. The LT biopsy samples were obtained from the
steers at 278 d of age. Data are mean = SE. * ** Significant difference between groups for the same variables (P <

0.05 and P < 0.01, respectively).
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Figure 11. Fold differences in the expressions of mRNA of MyoD, Myf5, myogenin, MRF4, myostatin, IGF-I
and IGF-Ire in LT muscle relative to the endogeneous reference gene (GAPDH) of groups H (l), R (LJ) and JS
(@) at the end of the experiment. The LT samples were obtained from the steers at 278 d of age. Data are mean +

SE. * ** Significant difference between groups for the same variables (P < 0.05 and P < 0.01, respectively).



BIVE HEREMICBIIBRBEETSIREEEZFORBTHCIRETEE

4.1 ¥ 5

A, BHAREWN T, WMAPLOLN 728 O A INBIOREXFEE O b IZ KO8
BT AR RIS RY, BERER SN TR, B HBROERITLEAA, B HTEEE
RS EEMEORERER DO —DLR>TND, — 7, FHEMEHOEEFIL, KBFEEOHM
fARFELCTHDITIE A T22ENAIHETHY, 4 E OB 1E i3 H 2 i R ICE0iE A L84 o
WEAEEPE T 72 b &N TV D (Sasaki et al., 2007; Hayashi, 2009) , #f 1 Jik 22 i
(SR D B R R, A, TSR IC KD RECE LR, WM A RICBW T, BAXHTUH
F Vv (Solidago altissima L.) , 7 A (Pueraria lobataohwi. S. altissima) &\>> 78 BL)ME Al
EIRDGENEL, RAZIT UL F I ORFEAMITEH THDNWE IR, 7 X130 G P05
A 23 = WS AE ) MKV (Hayashi, 2009) o BEESER O L1, 28 L TLEMITR
Bl OE WV EE AL E CEXLE BB E B LT, B DO TH DD, BHEKREM TORE
MHEABAC XD HFEEICOWTUL, BHBFORWEBE RO NLEETHD,

AARICK T8 B &2F A L2 BOREICkbW A 44 P8 1%, B &F H 7 o 18 & Ffn fl
(Okamoto et al., 2001) , AL 5 DO H RKE A FE (Muramoto et al., 2005) A4 ThHdH, Zhb
DB BFICIVEESNT-FRIL, BT, ~y—RB NI TA3EEE=—ADE XV
ZUC, BEEHZED WD, MBIEF ICLVEEINFAL, TOESE OB INICE SE
F& 105 W2 35 1 D 1 MR A I T B O 18] N0 T D (Kido, 2010) . S BT, B A ORMEL
T, g FEENEINICLDHR A RMESRE S Om £ (Ozutsumi and Okada, 1981) , M E A&
XD A R E 2 OEFE (Muramoto et al., 2005) LAEMGEE LK DAL (Tsuneishi et al.,
1988a, b; Hayashi, 2009) 23 & LT 5,

Gotoh et al. (2010a, b) 1%, BREMMEOM F Y2 EZ LW EH (1—10 H i) 128 5 2 fi
Btafs 5 Lk, BRBEM CORBMBIORELE L5 T52LTIEE (11-30 Hig) Lzga
DFEBEBHEENEERICONWTHAEL, 2O/ R, IR EMICES REAB LB ELEZRER
FEOE &R (31 A#n) OKEIT 576kg, MEEMWNIEN & A FI1X 13%THY, ¥ k& #1ci
HORERG LG A EHE LT, KET 49, MK EHNIENEAFT 3.6%m\WVEEZRLE
(Gotoh et al., 2010a, b) . ZNHORE RIL, REMFEOY Wk B HICB TR EFE £ 61285
WEHIEORE X, Ak E2+ 0 BB T2EESRMETIZBWT, BE&FREOKEST N NIE
GARIIRDOONDZEERLTWD, 72, FUEB L OEMEIZ IV T, & HEFEIE 7 4 12xF &
LZEEARKBEHRHAALOZE (MEWY 2—5 AW tEREFAZHICEIIER (B 5—
10 Ay 1%, MAEF IGF-1 BEZEGHMETHIELTTL =LA XEZBWICm ESED, BT,
Ebara ef al. (2010) %, Z DN M fd O IE B AL B L OV b 2 3 585 F OB REE ] B
U7z, 2B D5 R, #1H pkc & W3 1T 2 @ o 28 B BHG 52 (2 12 0 B i) 880 25, Bk A 3 ©
DRI BICELA A ORBEEEAE R LEOT-ODOERFED —>THLHILEZRLTND,

ZITARBETIE, EHMMICB LI SHERER TCORKEE DA R F O E I RIE TR
EOICT HER REIS, PR B30 2R B I H 23, BHEREM COBBEE &M TICk
FEEREG OB LI RIET B EZRRNLT y I T2 AELE, FIMEICE W T
BRABREZ £ L 7o QMR ES 2 A TR e £ L, HERESCOBRKIES2NH A
DTV =LY AR DL BB IO M IS5 B2 ICBHE LB A& i R #E D MRFs % 81



CRIETEEICOVTHRE L,

4.2 MBI BIOF &
4.2.1 HERFBLUOHABRRE

BB (FIE) SR QME (REBMMEME X SLVAZACFMIE) 2284 158 (£
% B 294113 Hip) ZHOTIEERER (2007/6/28—2008/10/28) % 3 fii L7-, W& & i 1C

BULEEGIEEBAE M E COBBIEE ORBRFREZRTHBRXELT, W& HICEE B IKIEN
RAAEZHL, ERMICERE TMR 28I/ QMM A4 S8 (HX; FE) (FE
376.6 +14.9kg, A% H v 294.6+£2.5 Hiin) &L, $EREM TCORKIEEE2EK L (H
X) . HEBRARKOEEBEL NV ERTRRXELT, HAOETWHELEE L%, BRI
TNT7NT7h—H o I— VR 0.5kg/ B M [RGEE B LT £ — i B Al B S/ MR &
B 550 (R IX; BI#FE) (KE 282.9+t6.41kg, £ H#in 294.4+2.9 B i) loxtL, BEE R E
HTORBBEEELFEMLE (R K) . HAOBITHRZHEEOHEERBIOEEF R RICHEL
FREBXELT, HADEITHHBE B RS CREBLEZRME LS4 580 JSK;, FIE) (K
H 347.0+£20.2kg, A% HEr 293.8+3.1 Hn) IZxfL, &% % 7-0D TDN:72—74%, CP:16—
14%, NDF:38 —30%#f2 £ ® TMR #f & S+7= (JS K) .

H XBLO R KORBRA L, HEKRER CORKIEE 2B 163 512b=- T, Jc BBl £ W R
(2007/6/28 —2007/9/2) Z#i%x EL, MBI B AEEm L7, H Ki%, e R EKELZWBIELL
T, mKX#E TMR faBHENOTFEL —mEHRGEE ~OBITE2E L7 (2007/6/28 —
2007/7/25:28 HH) . D%, BAEM (BHHR, HAKSE, HE)AZFA %) BIOERTT
OB EEZHMELTRENAARYZ (14m X Tm) IZBWTRES] (2007/7/26—2007/8/5:11 H [#])
L7ets, WA BRE ~DOBIHEZHMLELT, "eT 7 TANMES T8 B (F 50a) N TEK
WA EFE L7 (2007/8/6—2007/8/28:23 H ) . R XL, BN /SRy ZIZHB W THf 528 Tt
W& M5~ Bl B (2007/6/28 —2007/7/15:18 H M) #FE e L7-%, & B BN TR & ik
Moz di ki L7z (2007/7/16 —2007/8/5:21 H ) o BIE#& 7%, & TORBR AP TP K FEHMTO
BHOE BB B AA (2007/9/3) £ T, B EH WVICKVTF £ — i 8 B IO A il B 2 [R5
L7z, Fz, ZOBI B M ICHEWT, IS KORER 4 o3t 754 5 B2 B AR O 1T 1 72 28 M F e
BT B D% 2 K UE (TDN:74%, CP:14%, NDF:30%) ~#it S8/, FlBR Xk
R B A OBl £ R 2R T R B A R %@%%EE&%E% Table 6 (2R L7,

iRl N B IS SIPRATE - SRS R Ny N = ﬁmxﬂaaﬁ;ﬁ@%’%ﬁr CRIETRHELE, BE
MR TOMMGEME T CRMAT y 7R 7572010, HKBEXOR KO B4 1L, 1@ i 78
AT PN OB B ER (R ATK 7.5ha) 1 BAETI ku\fiﬁzfﬁzﬂemﬂﬁ%;@ L7z (2007/11/3—
2008/10/28:422 H [#]) . #UBR W Ol B el B e B 1%, B AR 28 A4 TF AU TR
W%, Bl & Akt (TDN:86%, CP:20%) lkg/H -BHOAEL, BRAK BRI ORI N OB &), 4w
BEFIBREABEL, MBIEERBRZ2E U E KRR (] 7.5ha) O B OG5
M D TR E DOHERS S I2 DWW T Fig, 12 (DR Lie, £/, HHEREM TORKIIE S LB ADIELT
R MEERIETORBEEALETH201C, IS KORKBRAFITEAEZLICBEASH VL, H
KROEATHI R R MR E L EICHEL 2R B AKH¥ED TMR (TDN:74—80%, CP:14—12%, NDF:
30—20%) ARSI, £, IREBIOKITE B ELZ, Table 7 (2 JS X IZH1T 55 Bk A 4



(360—588 Hin) BILOKHY (589—788 Hilin) O G LI & & LBt ER DMERL
7=

4.2.2 FAEHHE
4.2.2.1 FAREIRCREBLURE TR

EE R P OLRBRXICBIZEERRICONT, BRI ARE (294 H#) , Mk BBl
T RE (359 Hfn) , BUBR IR (588 H ) BLOEBR THE (783 B i) (K E B L OUYAH
RiE (KE, ke, +F5H&, BE, WE, ZE X OEAE) 22l &Lz, £72, IS
KAZH TR B G R 2D 05 #E U E (DMI, TDNI, CPI BXWINDFI) I, B4 BT 5E
Hof b5 &8I0 &4 70282k m AL,
4.2.2.2 F—BHBAFKMER

fEE BB A0 (294 B ) , BB Boi& TRE (359 B i) , ARABR REE (588 Hili) BIW
B TR (783 Hilin) BTGRP DHE —BNRRP T =T BERBIV VFAsEE %
FEL, E—HHNAERKIRADIT—TAEICIVRETRLEZ H KBEW R KORB 41X,
11:00 |[SEBAX L FA NIV BEEELZ, EONICE - HARKREEBLE, £/, 1S X
X, BHH O] 8:30 IZ AR A OfG 5 B 2 TR &, BLEURFZ] D 13:30 £ THK B L ORI D
HELTZEMT, F—HNRWRERB L, FRLEE — B ANRRITEDBIZT VXL pH A—H—
(DPH-1, ATAGO) IZ&Y pH ZHlE L%, 2 EA—ECHEL, =05 B (3,000rpm, 30min,
4°C) 1Tk EEAKIZHOWT, TV E=THRREHZ B E 47 L E —/LiE (Broderick and
Kang, 1980) 2LV, VFAs IR & T A/a~r757 (GC-15A, Shimadzu) ([ZEVZENZEHIE LT
(Vanzant and Cochran, 1994) |
4.2.2.3 M FKRILVATE—/ (T-Cho) , REREFR (BUN) BLUOEZIVEHEREE

I R R R A o A& BRUBR XA H 1 D il ik — PR & LT g 1 T-Cho, BUN i £ B8 LU E #3
VHELTLTF /=, a —haTdzn— L BIORB - e T UREOER AT E L, IEFR
BRI, £ 28 AR CHERBLOREHIIRIVEZZRMLE CREZHEILZ, H KBEIO R
X ClE, B BU 720 i 1%aE O 2 B (3,000rpm, 20min, 4°C) (XA M EE Dy #ix E i+ 5FETO
o4 BEMIRRE, A AWM LB Ry 7 AN TEE Lz, IS X TIRER UL 3 eI, w05y
B (3,000rpm, 20min, 4°C) (ZEVIMHE 243 BEL7=, /0 B L7-4& Cof 1L, Jl & £T-40°C T
FERAE L7, MAE R T-Cho 3L BUN I X, Spot CemlIl Auto Analysis System (SP-4410,
Arkray) (ZEVBE LTz, Tz, IEEREBRB AR (294 Hi) , BOBHIE& TR (359 Hi#l) , &t
BRI RE (588 Hflin) BXOVGBRK THE (785 Hin) ICHRILZ MK IZHOWTIXmEH ovF
—/,a—havzo— A BN BT RELZRE L, EXIVCEOWE L, =¥ — M IZKVE
FHEBRWET T % n-~F Y AT L, A7 e — VICEBR LSO % & d iRk 7a~k
7773 (HPLC) ICXVEMT L=, IR E OB HIX, ThZ Nl IR OFEEREHC IR &R 2 E
5L THENLZ, HPLC £ 1% Column : Finepak SIL C18T, # # fH : Methanol :
Tetrahydrofuran = 9 : 1, Jit i : 1.0ml/min, A4 —7 R :40°C, B HW I E L F /—)L 325 nm,
a—ha7xma—/ L 292 nm, B— 1T 453 nm &L7Z,
4.2.2.4 MRFs ¥ 3 € B AT

%R X OF K ICB1T5 MRFs (MyoD, Myf5, myogenin, MRF4, myostatin, IGF-1 38X
IGF-Ire) ® mRNA JBUR LA A Lz, B E R A (278 Him) , HRIFE (518 Hilw) Bk



O THE (694 H ) 12, M B L0 A4 T —BICE0E K T a8 B LTz, A4 R
SOMMEBLORI E NA F 7 — ORI, I I F G 7V ORAE, total RNA ?EE
H, W5 B S I2 XKD cDNA Ak, VTV Z A ART-PCRENT BEL N T T4~ —5 5t (Table 2) |
BN EFEE L,
4.2.2.5 #EEHALHE

AR RILS B XK OB £ SE T/R UL, ft sk LI, %§+ﬂf§771\ (Ekuseru-Toukei
2008; Social Survey Research Information Co., Ltd. Tokyo, Japan) (ZJV %) #t o T % 5 it
Bonferroni f EIZLVRER XMW ICHBITHH & %0)1@[575:{70710

4.3 R
4.3.1 BEFERR

JE BB A0 (294 B ) , BB Bk TR (359 B ) , A BR P EE (588 Hils) BLO
ARBRAE THE (783 A i) ICBITDERELKRBIRME (K&, K, 55, B, MPH, %iEk
LT OMEAME) ORI, SOITHAEIE (294—359 ) , IBERBRATH (360—588 H
) BLOEH (589—783 Hill) OF% HEAMEIZOWTFig. 13IZZNEF R Lz, 2k, KE(Z
BIHERBRXOMKELES SHICH D SE-201C (BI%E: HX 78, RK 78, JISX 6
) , AEOIEERBRHLKEFENZEDOERABRK THICBIT2ERBRX O FEYEESENL, %
b BTz,

RE,RBRMBFREICEONT, BEICHXEISKOKEIT, REKLVEEICEN -7 (P<0.05) (Fig.
13) . BB EE o DG IZFELT, #lBRIXH CTHAERENRDLIL JS K>R X>H E p
<0.01) , MHEI K TREOREIL JS K>H >R KONEICE» > 72, EHERBRATHICE
JS X®D DG L, o B X LA BIZEVEZ R LT (P<0.01) . IBHFHRBRZBICE TS R IZ@
DG I, JS RIVAFEICHWEEZ/RL (P<0.05) , BR&E THIZBWT IS KOKENKLEDI -
7= (P<0.01) .

EERBRBABIFICEBONT, BICH KOEER, ol X L0EWE2AH -7 (P<0.08) ,
BB B R IC 1T 5 IS Ko H &1L, o X EI0A EIZKES (P<0.01) , ACBCUHI B
B TREICIE R KOKEIL, o X XA ZEICE» -7 (P<0.05) . IBE R BRATH &% B oA
HEMEIZOWTERBRXHEICABERZFIROONLho-b00, B K TRICB W TIS KR
F i3 o B X L0 A EICE o7z (P<0.01) ,

& O R ICBIIA R EBLIOZO RN EICHOWTE R XK BICHE ZER2IER

Dol 2, BERBRATMEZHICBITLIHEMEIZONTHA R X ICH B Z1T#H

DO b OO, B T RIS KO &E L, RKIVA BEITEm< (P<0.01) , sBRi& T

FRICIRWTIS KoK E i, thoRBRX I0A BEIC&Em»-7 (P<0.05) .

+FEHEEERBRYH P ICBI2 RSO EMEIC O VT, B XM ICH & 72210

&b%ha‘, REBRETHEED IS KO+ FEEIL, R KEVE BEIZE L7278 (P<0.01) , H K EDR
BEREITR DL T,

Hﬁﬁi(ﬁﬂ@lﬂ;ﬁ@@%ﬁzw—ym, REEELL L, F72, BERBRB R ICB W TBEIC
R X O BT R ER X L0FE BEIC/hSVWEZ R LT (P<0.01) , BB B M 23100 28 FH o
HiE &L IS K>R X>H KOJEIZEWEEZRL (P<0.01) , BB K THIZBWTIS KO



fE D 25t DR B X L0 BICKEh->72 (P<0.01) , JEBERITHICHITS IS KOE IO H &
X, OB K X0 BEICEVEZ R LA (P<0.01) , I TIEWIC IS KM 0B X LA
S VWE AR L (P<0.01) , B TR JS KOBEHEIIMORBR X IVA BEICKEN-TZ
(P<0.01) ,

BEIRBLOREA R M S MBI 25IEO B # M &ICBL T, JISKAHKIVAEREIZHE
VMEZ 7R L (P<0.05) , B & THFICBWT IS ROEIEIX, ioRBXIVAE BEICKEhoTz
(P<0.01) , A BIFH M BLOIEERBRATH T IS KICHBITAME A IEO B 021X, fthoik
BRX DA BEIZEWEEZRL (P<0.01) , BHE B AT I L O B & TR, IS X OE A iR 11X
fih DR IX IVA BEICKEh->72 (P<0.01) ,

HARDOEITH R MEEZBIEFRLEICKE SV IS KICBITAIEERRAETH (360—588 H
) BLXOIEERBREZ I (589—788 Hifln) D FAECIRH (DMI, TDNI, CPI 8XW'NDFI) %
Table 7 (2R L7, JS RKICK AR EERKBEROLACRI T, ZHERE LB FOREICE T 5HE
7 B EIFZIER L& 7R L7 (National Agriculture and Food Research Organization, 2008a) .

4.3.2 BE—BHAFKMER

fIEL 5 Bk BH 4A BE (294 Elu*f) BN B A& TR (359 H ) L BRI (588 H i) BIW
REKE TR (783 Hiln) ICBTL2RABAFOHE - HNERRP T E=TEERLBLY VFAs (HF
fe, 7oA, BEER) o;%r“@ﬁ{w:/ﬂ% Fig. 14 [T ZhoarLiz, IBERBRB MBI ICB WD
T, BEICH X OFEER I E X ORBR X IVAE FEICTEHWEEZRL (P<0.05) , HK O a4 R
X R KEVABEICEWEARLE (P<0.01) , S5, BERBRAGLRFICEITZ2 R KOT U E=

THREZEE L, o X I0E ZITEWVEZR L (P<0.01) . BEBIEK TEICBWT,
JS X OEEEE, BEE B L OW VFEAs I B 1L, thoR B X Lo EI12m < (P<0.05) , JS Ko7 ue't
CERVEE L, R KEVA ZEICE WEZ R L (P<0.05) , akBr B M FF 2BV T, R X OFEFL 3 B 1
ISKEVAEICHEL (P<0.05) ,ISKOTVE=THEEFRE T, thoRBRKIVAEITERWEE
RLTZ (P<0.01) . B THROT UV E=TREERBIY VFAs BEICEALT, £ BXMICA
BREEFROON RN T,

4.3.3 M3 T-Cho, BUN BX v #IVHEEL

JEE F B A R A2 38 U7z i 4 D T-Cho B X UVBUN 2 E o & LR i, IE B i BRBH 46 B (294
B) , BBk TR (359 Hitin) , sRBRHHIE (588 A D) BRORBAL T (785 H)
BT MR OLF /) — v, a—havzmg— L BLO -7 R E ORI % Fig. 15 12%
nEnRLI,

4% T-Cho ¥ E ;IEH A BREI A IF 2B W T R X Ol 4 f7 T-Cho #2 1%, BEICf DR BR X
LA EITIEL (P<0.05) , MHBI Bk THICIZT H X E R XM d T-Cho J B 1X, IS KLV A
BT K 2272 (P<0.01) . JS KOOI HEH T-Cho ¥ EI1%, IBERKERBH 4200 448 H EnIF 20T T
) 136mg/dl ETHWIHE L7z, BB THFIZ/NT TH 94mg/dl ETHIRLARROHER Lz, IBFH R
BRATHIZIBWT, HIXE R XOMAEH T-Cho & EEIFZHIMLARNLHER LIZbDD, 450—550 H fin
FFIZBWC, HRERKOMICABREZTRDONLhoT-, IBF KR % D 600—700 B #in I I
BWT,H K& R Rom4Ed T-Cho #EIX, IS KEIVESHEBL L (P<0.05) , 560 H i BF A
(2008/3/19) IZHBWT, R KOMAEH T-Cho I E L H KLV A RIZEWELZ L (P<0.05) .



m 4 H BUN ¥ B JIE & iR BB 46 7 I3 W C R X oo ifil 4 1 BUN I8 2 1%, BEICf o35 X XY
A EICKLS (P<0.01) , BBHI B THFICIT H KE R KoM BUN R EIL, JS KEVA RIS
Ko7z (P<0.01) . JS KXo #EH BUN & EIL, IEERBRB G200 420 H ke l22T TR
13mg/dl ECHIEE L7=%, BRI T HFIZNT TR 9.8mg/dl E T LR8N BHER L=, IEH & B Al
HIZBWT, HXER KoM 4EF BUN BE L 6—9mg/dl F2E THBL, JS KLV A EITEWE
EHEFRF LT (P<0.05) . A THFIZEBWT, H X E R KoM 4EH BUN B EIX IS KEVA EIZ
EUVMEAZ R L7 (P<0.05) , 391 Hiis (2007/10/2) & 560 H it (2008/3/19) FF 28T, R X

MmAEH BUN R EIE, HIXIOA ZEICEWEZR L (P<0.05) .

MFEFLF/)—N, o —bavze—VEBIRB -7V BE;EERBEMABREICSWVWT H K

MAEFRLF /=R E X, BEIC R KEVA EICEm< (P<0.05) , A B4 7RI IS Koo
ﬁﬁﬂF’V%/—Mﬁ%f@ X, H REX0AEICE -7 (P<0.01) . JS KoL F  — /L E L, o
BB T REICONT TH 5510/dL ST LANOHER Lz, HXER KoM EF LT/ — L E
i, IEERBRATHNIZBWTHK 801U/dl FRE THER Lo, IR FRBRE MW T L8 6HE
BL, B TRICIEA 135TU/dI R E 2R Lz, BRI TRIIZB W T, HIXER KoM LT
J—IVIEEIX, IS REVA EICEWEEZ/RLE (P<0.01) , BB ZHHIcHB T, 2R R X OMm
T ao—ha7zm— LV BLO B— T RBEIEEAD LB L, IS KoM a—h=a7x

= BIN BT U REICEHLT, EERBRITHBLIOZ L E L TRIBEREH TR OLN
o lo, IBERBRETH &% HIZBWT, HX ER X O fE a—l\:7zm—/bﬁitﬁﬁ—7‘ﬁ17/
WRETR2WMIC ERL, RBR& TIICIEZZNH 900pg/dl BEUHY 700pg/dl IZEEL, JS K XY

BEICEWEAE/RLZ (P<0.01) ,

L

4.3.4 BHRHEBIFRETEMNT

AEERERBH 4G RE (278 Hln) , K (518 Hlin) BLOHE TH: (694 H i) o AF 7 —
WLV LR B ol &/ 1ICi55H MRFs (MyoD, Myf5, myogenin, MRF4, myostatin,
IGF-1 33X TN IGF-Ire) ® mRNA J H K 5125\ T Fig. 16 IZR L7, H X & R KO & £ #5123k
{75 MRFs ® mRNA FBURPICHONT, BERBRBB P 2@CCHEELRER TR OO
7oo BB R B P M ICB TS IS KD Myf5 & MRF4 @ mRNA ¥ 5 &%, thORBR X I0A &I
mWE Z R L (P<0.05) , myostatin @ mRNA ¥ B &L, H RKIVAEBEIZEHWEZ R LK
(P<0.05) ., EBERBRBTHICHNT, H XD MRF4 ¥HEIL, R KELBELTHEICH D L
(P<0.05) .

4.4 BE
4.4.1 BEREHRTORBIEE ICBITIREZBRR GLOHEE

BB E S IcBWT, H KOYH K E 369kg, DG-0.24kg/ H, R X DOk E 285kg,
DGO0.07kg/ H Z#MEFF FIRE72 T A B R EIX, KM LB 4o x X —FREOH ERX 2D, HX
T TDN:2.92kg, CP:0.32kg, R X C TDN:3.18kg, CP:0.42kg &H# & S #1 7= (National
Agriculture and Food Research Organization, 2008a) ., ZDHE & i & Table 6 2/~ L7ZBI B D
TDNIBLONCPI &2t L= &, TN 4 H X TTDNI:1.2kg, CPI1:0.5kg, R [X T TDNI:0.4kg,
CPl:0.2kg &, #EEENRWELZRL, A SICKI2B8 EICHE SN =R VX —F%



EERLTH, HXTOERZRXAF — LK EORNLHITEE CThole, ZORERER DO —DLL
T, H KIZBWTERMETH G L WD LM R~ CoBITHs, F—8N
WZBIDMAY O D RIE~OBERZZWICH OIS ZLICLDR BRI AT LAOE BB X
DZNICHEOIR B DR OE T RE 2570, AR A U8 E R oM A 1%, Ao E
BLODAIRWAEFTICE > TRESEZRY (Fig. 12) , IEEHICB IS H K BIORR K D% & E
BUR L &2 B HE ICIE R T 22NN CThHoTo, TITC, KR ERF O RV —F R EDOHEE
AT H A B S COMEFF =RV F —Z R BEOHMEI G Z 30%ME LSS DO HKBLOR
K OFEEBREIZOWTHE Z A7 (National Agriculture and Food Research Organization,
2008a) . B HEABERATH (360—588 H ) ICHi1J5 HXDFEKE 352kg, DG-0.08kg/H, R X
DR EH 298kg, DGO.10kg/ H A #E+F Al 2 70 %% 43 25K &%, H X T TDN:3.29kg, CP:0.40kg,
R X T TDN:3.37kg, CP:0.45kg LHEE ST, MR O FIEICIVHEE LR TR BRZ W (589—
788 Hifin) I2H1F5 H K& 4y sk 81X, TDN:5.96kg, CP:0.81kg, R X C TDN:5.80kg, CP:
0.74kg Th o7, o, MBIEIEHG G ICLORBEMZZELII WX T, ZOE 53 FR B L2072
T EREE O DMI X, IEBERBRATH CH X:4.21kg/H, R [X:4.85kg/H, IBE R Bk %
HICHIX :8.15kg/H, RIX :7.26kg/ H 2 &£ Lt i£ Z417 (National Agriculture and Food Research
Organization, 2008b) ., JE&E R BRATH (2007/8/30—2008/4/16) (28175, H K& R XK DOK EE
by BB EOH EMENE, KRBROELME TIZEWTHKPOA OB ERFEEORE LLL
I, HROF EERENSR KIVDRHERB LN RN, M ERBR%& Y (2008/4/17
—2008/10/28) TlE, H X & R X OH#EE TDNI IE, JS K ® TDNI SZIERL~LTHY, BENHE
DT CH OB EEOEBRAHE THY, H XK TR KIVFEEBRENCSCEZ R IENR
R I,

A2 HEBRERM TORBEFTLREBEZFRE ¥ — OB K

15 58 2% PR DN IR TR R R s DAL B B ~ RIS B L T2 L EH IS, B — B NI T 214 B Ol
SIRFE~DOERNBMICE o7 H KOMAAHI B IcB T, TORE, IEHBIOWPHITA
WA L (Fig. 13) . 2028, BEMRBREHICEN T, RME LB 4F 0K E, BHABID
fapH Vo RO RSO EN, BIEFFEREORBL2BEE T2 R, £, K
BB IZE W T IS KOKEDOBBMEDN, MoORBXIVEE ICEWVEZRLEZZEE, KE
D ENIEE B OLY BV E BB ICB W T, BB R AL OB IR E I3 THK SN R WD
CERBLT, IEERBEAIHEZMICBULIRE, KR BLO+H 7 & I LT, i 8 58
MEOEBENTHINDIHKERXKOKEIL, BEMRMALKE S —r2RL, JSKOHBEIN&EL
fhORBRX EDOBICHH ERERNBOONR-T-, THOORE Bix, ZHSHE A ICBIT5E
R, BB YR P OBBERSFEOLEIICELASNRVWIEE R L, £, BEHICBTHE
MU #IX, SNOB O EICx L TEEMICE B ESND Al GEME SR Sz, 5 0E &8 A iE o
HENE—F, KB OXRS (KRE, BEABLOWHE) tABORSEES (KE, KaBLO+
FEE) OFERREEF RE—ER LT, $72, ]S ROEIELIEAEORKE L — 3% 0 R
720, I E B SRS R R SR o kL — 3, BT ISR A 08, 1% B E O 45 R I R x <
WEZRIFTIEDHLNI T, TNOE BN OB EFRE— DE WX, KK, KAEKEL
THE B DPOERINDZZXAX X, [EEHOERMOBEIVEESERSEAEBEMNICEESE, B
BHELLTREMABPOERSNZBRE 2T FAX =0, KEOWWEILKL, ZOKBELFET



Ol ERERK (E, B8) ORI HSNAIZEE R LT,

AE B R B B 46 B, BB B T REICB W CHIX ER K EDRICR O ONIR &E, (K&, M4 i
BIOKH 072 R I1L, RBRE&E TRICBWTH AL, £, BB IcBIT2 H KOKE,
FHEBLOMEMEOB ML, R KEVA EIE o7, 2NHDZ 1T, 018 5k & 1 oo (K & i 4# 1C
FOMBEEINT-B R LR DR BEEEZBERER CORMIEE V-T2 K R FE LM TicBNT
HEFR T 27-0100F, K OZEME A H T 520D L0 AL — X Bl B & — &L~V Lk
EEHWOREERNPMLE CTCHLIEERIBLT,

443 BHEBEHM TOKRBEEIE —BRNRRICKIETE

R BEEOE —HWN VFAs EEICBALT, BIE&E B kDS o ik Rk E %G
THIEIZE T e A B oE S, MR ko re =22 L LRI OFE —F N
I FRICEVEERR B R OMEHESNDZEN M BTV S (Schwartz and Gilchrist, 1975) , 2 J& fid
LA OEFEERRICEBWTL, IBEEF OHEAT LR IE &G EHEBRE & ol nicEbiewn, et o f#go
ARENEIMTHET, Bifg 7o L U e (A/P) 28 FESEARNLM VFAs I E N — T ICf
FBEhs, 1S KICBIID8E —HNAE T OF VFAs ¥ E X, BIEFEE 26 OIEF K% o il
R I By XE—r R LT,

BB I H XKE R KOH —FH NS O VFAs (BElg, 7o' 4o, BiE) IR
FEIE, IS KL L CTAMICIE F L (Fig. 14) . 20 VFAs IR E OZM 2K FOEK L, HXIZ
BULRIEEGEEDSHE R ~OBIEBROAL L, R KICBT2EBEHEOEELEOK FT
HD, ZOMBENBEIIZE TS H KOFE —FHNEREOMEIL F— 8 NIEDE DL LB
SREBEDIK T8 ST IEN TSN, ZOZEN, BiR L FEMALE ISR TR BRI BX
ORI ROR TFTOERESE 2N, — IS, B FICBTE —HNERD A/P X, BEE
WMORBIZIOFIRENHEIN T2 TAREZRTN, HEXER KO A/P X 32 12 LK
& L7- (Oshio and Tahata, 1981; Oshio et al., 1982) , F7=, IEH &k B o ] BE 121X, R K OFERR R
FER TS KEVEWMEEZ/RL (P<0.05) , HK D A/P 8IS REVEWMEZRLEZLDOD (P<0.01)
BRI T IZBIT 58 VFASIEFEE B L O A/P IZHOWT, FRB X ICE R IZROLNRh-T-, =
ODHRXERRIZBIFLZTvEAVBEEOHEINE A/P DK FiX, 1) IBEEFRKFICBTLIATI T T
Ty aDREBIZLY, REMOEH WVEFEDNZERINZIE, 2) BRE TRICEWTAEFE
BN EICHoTZE, RREREREE LN,

FE-HANOT U E=TREREREBEEIL KAFESPERLERPOFEEORBRERSCEQDEN
WiR, bLIEHE —HNBAED I MEZ T CTAEL, MAEVWKEAEAROEELERD
(Broderick and Kang, 1980) , 2%V, F —-HNOT7 =7 ERELITHABREENDODOEFE
BEREAZEHEOICKL, KRBICBIJ2HKXKER KIZBIHEE R COAM e EHFIX, £
HEENERBIOCAETOERGENIEFITEhoTZE R LT,

4.4.4 MR OFH N E L

AL AT — LiFERNORBFERICBNCEEREHZREZLTCBY, BIWMEICE
Wi, IRE—EMEsF oMo EE LB E CTHSL, 2L AT — LT iFEEB &
O CTEEGREN, BB AT VIRICEBRISNIETOVREBICL ) 2% I
%, IMmAEH T-Cho BEEEIX, A4 OMELEDMMEDEBELLIE T2 THIENHRESN T



D0, —RICERRENEELEZAHFICBNT, TOREENELKM TS5 (Watanabe, 1993;
Hayashi et al., 2003b) . AR D JS X IZEBWTH, TDNI 28 F FH ) CTHERE L7- 450 H #3 £ T,
M 4EH T-Cho IBE XM MULANOHEBE L, D%, TDNI B Leb 0B & TR ETIZ
100mg/dl F2 £ CHliJi L7= (Fig. 15) . £7-, Nakanishi er al. (1986) 1%, J& 4 itz % i L7- 2
EMFEME S OMmIES T-Cho #HBEZHF AL R, LMicEm, EMICEIZ2ZEEEMLTE
D, KRBRIZBIT2 HXE R KOMAEF T-Cho # B H#ER IXF AR OB 278 Lz, 208 RIT, 4
HMOBEEZESLETFTICBOTC, BB FEREZFLELZARNOEFEMEROZDIZ, BRBIOD
HEHT AN —ZE B T4 ENHY, (KEEN ORBAEE SN DZETMAEF T-Cho I E N
M L322 &R L, i, EHICEREENS LB RINZEM T L, ROLHITH
RIARRE N R E R SNDER RIS, BERBICIVIENEZHEER 75 T-Cho RENHD 5L
Zxbiviz,

AR & O 4 BUN 2 5 1%, 8B 50 CPI DR E A3 <Z (F5 (Claypool ef al., 1980) .
ikt D CP, #FICE FIL AWM OBEIIE 1L, TOMDOER =X ALT—DT U NTURAIZLVE —H
NTOMAEMKEERAGHRD oI FE SN2 2bs, BE SDITIRFEOE THENICEIVIAE
A, JRIPZEFZRE LU THEM S5 (Ferguson and Chalupa, 1989) . ARER ICK A/ AR X D
BUN B EHER (X, B SIC CPI O EEZRIZ T2, IS K TIETRLIERESRMFE FITBWT, K
420 H#EET, MAEH BUN REIZIMUL2NDHBL, IEE OHEITIZEL W CPI B L2 E
2k, B T EEICIX 9.8mg/dl ETHA L7 (Fig. 15) o £72, BB E M 28175 H XD CPI
PRI O EZLY, H X O 4 H BUN I B IE, BOBCBI G 7 RFICIE Sme/dl R S ECRIRICIK T
L7z, 0%, HX LR X O Mo BUN IR EEIE, ZF 62 IT0E D U o8 B R & 052 B4 B e
\ZC B U7z, $£72, 391 H#ERE (2007/10/2) & 560 H#HEE (2008/3/19) 1ZHW\T, R X @i §E
BUNBEENHKXIVA BEIZEWEEZRLE (P<0.05) , Z2OZ&IE, IEERBRETHICBWLTRIXO
FEEREN, H KEVZho7mml GEMEZ/R L TRY, il L7z Bk 1 fk 38 H T o5 38 8 B & O Hff
ARG R A R LTz,

FEW A2 MEICE S AEWZH ARAOKR A A EBERRIZENTX, HRNOIEN & A RELZHEED
M LA ELTME T OLF ) — LG '&Daryia— L RNREMELTOICERKSN, IBEF T3
IZBWT 501U/dl BL FIZHIBR T2 ENEE LB X6 TW5 (Hayashi ef al., 2003a) , D720,
JEE I 5 SN EE P ICIE IV EMEEAE G INT, b heT o2 5 & £/
WIBDOOEREESND, VT — Wil T 58 BHG B IR RO EEZ T, EERBREHAET
TIS KofmiEh LT/ — g &3 LanbHB L, sRBR & TSI 5510/d1 f2E 2R Lz,
— B, AR IS P a7 2o — LAY 100— 420 mg/kg, AT 50— 300 mg/kg FEE A
F4LCW5 (National Agriculture and Food Research Organization, 2008b) , I8 & &k B #& # %
DICHEPIZEEND o—Fa7=a— L BIOB—IrT7 OB EOHE A, HXE R XKIZEBT
LMAEFORE EHORERERO—D>ThD, B FomMEFR LT/ — & EOHIMIZONT
H, WENEREINE B—PhaT7 B EIclko TR SN R ThrtHELZR I, LrL, B
BERBRAYICEBNT BTG B8R MLEZICLrnbLT, LF /) — L& BICKEREAN
BOLNIpoToZElE, XA RZEDFHEDOIRK TRBEIOLF / — LIEE EOM NN EK &
EZONT, INOORERIT, BHEMER TORMEFTICIVEEINTZFARAF ~OEXIVEHO
iR EEEOAEEE R L,



4.4.5 BHEREH TCOKKIEE £ 128175 MRFs BHDOEAL

RKEBRICBWT, KM ER oMK ICBITS MRFs 33 BRI, BT H O E L
KEBEFRMMORELEZITHILET, WOPOEH T REELH ¥ —%R L1 (Fig. 16) .

MRFs X MyoD, Myf5, myogenin, MRF4 DJE CiE M b SH, /& Ak #) #1188 F2 o b ik ©
MyoD & Myf5 73, Fift T myogenin, MRF4 /3B p (20t U CT&R Bl 20 L L7235 5 & T2 i & iR
fiTsLE 26N T5 (Muroya et al., 2002) , LU, A KRIZE TS MyoD & Myf5 O A i
FF 1B B Crawv, KBRIZE TS MyoD BX O Myfs 2L X, JS X &t OB X 128 THE B
RERUDEEZFICR 2R B P B SICBOTHERENRDLN, FlC Myfs 1T & LM
TCHFZFICZORFENK D Lz, COMRE, REEEBFOREHICBWVT, ZnbH0#E B
TREDRBKAICREINDLIZEE R L, FFIC Myfs @R ESLME T TRENE LS
AU, MyoD (X Gl 232 T 7230, B ¥ i % 5% MR oD 5 28 0 ~ D 53 (b & 5 5 T 5 o 4] 1 B
B A H L CW\DEE 2572, myogenin FEIZHOWTHER X IZE B NB OOtz ZEn
5, IEH MICEIT D myogenin DFEHLD, RBERMFEREOTLEICLDEBEZ T ROIENT L)
[Z7eoTe, £, IBBEWIZEITS MRF4 BT, BEREBSHOLE F Carybr— 13 Tnidy
DD, FREACHESTZEORBABRITARITE FLE, 2F0, KEBEBFOIEEFHICBITILEHK
i O E T R LR, myogenin VBB HUR B ITIKF L7 MRF4 OIE ML &, il E O TTH#EIZE
ARIETEDHALICEYa s fa— L ESNAT REME A RIE LT,

4.4.6 P IR R BT E Kl L HHEREE# COBRBEE OB &K

B 3R BR B A E7 13 B B TR ICB W T, HIX E R RKEDRICER OB T, A R
BIOE —-FHHNBEROZR L, RBEETRICBWTEA L, £/, HXKER KIZBIT5H K i O
MRFs % BLE) B8 & i i R IZ DWW TC, BB BRI P ICBE R 2 R IIR O oT, 260
A AL, AR R B o0 o AR A BHAGS B IS KR E I TR Do R o FME, B H
B, B O AL REIZ DWW TIE, MBI Bl K OVHBHE i BEH TR K - £ FIcB W T,
BRI T HZ LA LT-, Gotoh et al. (2008) 1%, ¥ Ak 5 B4 BT ) 0 2 i L7-1%, 5
HICHL A B 28 B S BB B OM & &/ O MRFs B BB BB ICOW T A LZ, TOR R, 22
Al FE LD MRFs BEL & 1%, KRB O H X XVEWEZ AL (Gotoh et al., 2008) ., ZHLHDZ
EIX, W1 R W o R B NS K0 K AT T S 7 MRFs BhEE 2 B LS B 5720120%, IBE H o5
BEREN—EKREL EICHFFSNDIZEDNEE THLHIEE TR LT, SHIZ, Gotoh et al. (2010a,
b) 1, MW EMICEERHEZELZ%, IEEMICHEsRAESEREMEESE SO 26
A R OIK E 1L 552kg THY, KRG HH 20 S0 728 A LB L TR 73kg L, L& FFOF
ANIEN &8 F2HENDIIEEZRE L, KARBRICEIT526 AR OH K OEREIL476kg THY,
Gotoh et al. (2010a, b) DML & H#E L T 100kg FREK WEE R L7, T bHDZ &b,
MRS OREHRHICLEm OB BEEZHERF L O OB EREMICES DN THBIER 7572012
X, Y CORBBREBER=XNX—DREEDOEBH ZEDLRWEI L —E L~ L OB I &0
ERDEETHD,



Table 6. Nutritional intake conditions in three experimental diets during the acclimation

period.
Group H Group R Group JS
Nutrient intake (DM kg/d)
DMI 5.72 £ 0.04 5.47 £ 0.00 9.02 £ 0.28
TDNI 4.08 £0.03 3.61 £0.00 6.67 £0.21
CPI 0.83 £ 0.01 0.66 = 0.00 1.29 £ 0.04
NDFI 2.40 £ 0.02 2.91 £0.00 2.84 +0.09

Group H: n =5, group R: n =5 and group JS: n = 5.

Data are mean + SE.



Table 7. Ingredients and nutrient composition of experimental diet for group JS and nutritional

intake during first and latter period of the experiment.

First period Latter period
[tem
(360 —588 dofage) (589 — 788 d of age )

Ingredients (% DM)

Rice straw 8.6 11.5
Tall fescue straw 12.1 —

Alfalfa meal 5.2 1.9
Corn 36.6 49.5
Barley 8.4 20.3
Soybean meal 6.4 2.8
Wheat bran 16.0 13.0
Brewer's grains 5.7 -

Calcium carbonate 1.0 1.0

Nutrient composition (% DM)

TDN 74.2 80.0
Cp 13.5 11.7
NDF 30.3 19.8

Nutrient intake (DM kg/d)

DMI 8.91£0.17 7.37 £0.33
TDNI 6.74 £ 0.13 5.80 £ 0.26
CPI 1.17 £ 0.02 0.88 = 0.04
NDFI 2.48 £ 0.05 1.56 = 0.07

Data are mean + SE.



Pasture 3

: Plain dominated by goldenrod (Solidago altissima L.); 20,190m".
I:I : Sloping land and plain dominated by bush and weedy species; 33,071m?.

Pasture 1

: Sloping land dominated by bristly trees; 20,573m?.
: Bare land; 947m>.
= : Outer three pastures (1~3) were surrounded by electric fences.

Pasture 1:35,840m?; Pasture 2:18,563m?; Pasture 3:20,378m”.

Pasture 2

ML AN

N A2 P NNNY SR 2

Date ( d of

age )

Pasture area

Stocking
rate

(head/ha)

30. August. 2007

(360 d of age )

5. January. 2008

(487 d of age )

Regular movement of grazing steers among three

7.0

6. January. 2008

(488 d of age )

13. May. 2008

(616 d of age )

All grazing steers were freely grazed on all

1.9

14. May. 2008

(617 dof age )

6. August. 2008

(701 d of age )

Regular movement of grazing steers among three

1.3

7. August. 2008

(702 d of age )

28. October. 2008

(784 d of age )

All grazing steers were freely grazed on all

1.3

Figure 12. Farmland abandoned approximately 15 years ago, movement of steers, and stocking

rates used in this experiment.
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Figure 13. Changes in the distribution of frame measurements (BL (A), WH (B), HH (C), AC (D),
HG (E), TW (F) and HW (G)) and BW (H) of groups H (@), R (O) and JS (O), and growth rate
during three periods of groups H (H), R (L) and JS (O).The acclimation period: 294 — 359 d of
age, the first fattening period: 359 — 588 d of age and the latter fattening period: 589 — 783 d of

age. Data are mean + SE.

a,b, A, B, C

Significant difference between groups at same d of age (P <

0.05 and P < 0.01, respectively). * ** Significant difference between groups (P < 0.05 and P <

0.01, respectively).
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Figure 14. Changes in acetic acid (A), propionic (B), acetic/propionic acid ratio A/P (C), butyric

acid (D), total VFAs (E) and ammonia-N (F) concentrations in ruminal juice of groups H (@), R

(O) and JS (O). Data are mean + SE. *°* B Significant difference between groups at the same d

of age (P <0.05 and P < 0.01, respectively).
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Figure 15. Changes in plasma T-Cho (A), BUN (B), retinol (C), a-tocopherol (D) and B-carotene
(E) concentrations of groups H (@), R (O) and JS (O). Data are mean = SE. *°** P Significant

difference between groups at the same d of age (P < 0.05 and P < 0.01, respectively).
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Figure 16. Changes in fold differences in expressions of mRNA of MyoD (A), Myf5 (B),
myogenin (C), MRF4 (D), myostatin (E), IGF-I (F) and IGF-Ire (G) in LT muscle relative to the
endogenous reference gene (GAPDH) of groups H (@), R (O) and JS (O). Change rate during two
periods of groups H (M), R (L) and JS (O). The first fattening period: 278 — 518 d of age and the
latter fattening period: 519 — 694 d of age. Data are mean = SE. * ° Significant difference between
groups at the same d of age (P < 0.05). * Significant difference between groups (P < 0.05). 7; P <
0.10



HBVE R OKEH B ERFEMICIITIHBIEF
REBRBFOEALLAESRRICKREIEE

5.1 ¥#5

Hayashi et al. (2006) 1%, FEEBMH CHREEET L-REMEOREEL X MK EHIC
BUDEMERERLIEHBMEICOVWTHE L, TOMKE, BEKIEE Lz BRBED R
BHEE, BEGEBEZBICIVETELEGALEBLTHEREICK T LE, £/, WKEMHIC
BULEBERERIIDOTNI%RETH-obL DD, WkEMHN CLA & AH R, BIEHE
EFSMICLVIEBE LSS LB L TCABICE -, 202 L%, BEMEZHEORE
LU CHHERME TCOBBMIEE L, REEMBETIZCEBRVWEEME L BN EENK
TTF2t00, BHBHKEICREBERTZFREEOTREMEZRL TS, £,
Zembayashi (1990) 1%, WHFICB T2 A RERHERBE ATV AOBRFRERAONIT L0
2, BREMRBIORNAZA R ER S OMERELFER LI, TORK, HELLZETOMTE
IZBWT, i AR IR A5 0E £, IBE OEITICHEWRT T LR OB ICBITTSHD
LhE W E L7z (Zembayashi, 1990) . 2O Z &, A4 ~O W W ik £ Y120 2K & il 28, &
RO EBEEZMESTLHIET, BEEHWNOBERHERICEELZRIZTTAIREROLIZEEREL
TWh, HIVEILEBWT, HHEBREM CHRBIEEINT-R MR EBFOREME, £ —H NEK
PR, MR B L O & &/ ICEi15 MRFs BB B IL, IBEME ZHRICIVBEE LS AL
LU TRESBERDZENHOLMNITR -T2, EHIZ, PR 8 oK E il # Ic Z0 8 8 s ni-
K DR BN, - HERE, B OB LIS OV T, BB £ 3 L OHHE ik 32 i To K
KEFRMTIZBNT, Rl ALz, L L, #IHRE 8IS E G #H EBHEKRIEm T
HCBIE B DY, 28 HERE 25 85 4 o A IRe DR N R PR LS S 1T 3752 28 130 e C2

ZITARETIE, W1 AR E WIS TR E I H EBE R ICB TR E R, MR L
BEOREE RO, RS W RIS OVE M RIS R IETREIZONTHRFL
7=,

52 MBIBIOFE
52,1 HRFBLORRERE

JEERE GBIVE) IR LR MR (REMMEE X SvAgqo M) L84 158 (%
% Bfin 798+1.3 Hiln) ZHWT, BEMAREBIOCRNEER S EER L, £, BEAiK
100 H (693 HERKE) I AA T2 —I1Z X0 B L7210 e £ i 1220 TRl BR HEAE 551 A 38 X Oh
FRAEE R ZWE L, REICH LR MR L8403, IR EMICSTA2REHE (B0, I
) O, BHERER COMMIEE GEIVE) 2EBL-SHEH HKX) , BITHWEBLOGTEOD
HOFEEICEDER (B, ME) O%, PHEREM TCOBRKIEE BIVE) 2EMmLz 5 8
(R X)), HADIBITHARLZMBWESTK (B0, IE) BLOEBEARZ (FEIVE) (2§ L ThH
FINZ S5 (JSK) &L,

5.2.2 RAEHEB
5.2.2.1 B AHERR



wBHAEATHERTESEELS B THA (2007/11/10;797 Hi#) BIOE &
(2007/11/11;798 Hih) 2#FEMiL7-, JEZ % 4°C TH 7T HEBEEFELTEZHXBIORR XD4 3
ST OO KM EAERICONT, MARFEELZFEL, FLAEZHA, BHBSLIOFICK S T5
CETHEMRE R L, £, AW O A E &I &R, KR SR, K2R E
L, ZHATICBT2&8 NSRS S E, IBIHEZIINE, T, HHBSIOBEIENICX
L, 2R IcBT 25 EERE A2 E N Lz, 728, &R B X000 & 8 (k0%
P, HATHRFIZBIT K E D B4 380 (CFYRE S AT E H X :446+8.9kg, R [X :427+7.8kg,
P<0.20) &L7z,

52.2.2 MEEBICBIECPEAR, AV B (IMP) , BEETI/ BRI N a—barvzu—L
=R

HEF L2 CORBREDOLEMKMPE 7 IhE T ONREEHBIOMEIEGHEZK 10cm & TEREL
Too BEAE, &8 4°C TH 30 R R FE SR BE THY, B EL 72 fx & 7 133 0 2 i A ok
JE OREI 38 X OWh B2 B0 BN e, i e ST B /R 550 122 Ay LK 300g B2 E o
FNET =R 7Tty I LIV FRICREDFARLELDIZHOWWTCP & A K, IMP & &, lERET
VBEEREBIRa— a7 n— LB BEU TOFIETHAELL, S6IC, MR EMHICBITHCP &
BREMEMGHE, IMP & &, FEBET7I/BREEREIY a—barvzo— & &OMGREZH A
T 5720, FRBRFEOHIEN & A RIIBEHRLVE H L7 (Ebara et al., 2010) ,

CP EBR HV LT NEZRKBBIODMBIEER LI NE — NIy 7 T AN THI L
HIHZLicky, MEAHOERZRpMERK LIz, nfRLI-EFREL 7 /VH —/Lik (Julius and
Cohen, 1910) IZEVE M THZLETHYERER YK -VO CP G HEREZRH ML,

IMP & & ;BB EYWEELTIMP & B2 5 #ERA7a~ 779 (HPLC) [ZXDT L=,
T NVORTILELEL T, 5%HCIOZ MM ZHRES FARXLTZH 7O L HIZ2N KOH 21 2 72,
SHICELDDBEICEVE LN EEREAL T I TV E—IZEVE R LT T LT, B
EoOFEMX, mTlROEEREBNCIOREBREZIEKR TH2ETHEIE L7, HPLC §5 /41X Column:
Finepak SIL C18T, # @& 4H:0.01M Na-H,-PO, buffer, ¥t i# : 1.0ml/min, 4 —7 > £ :30°C, &
H W% S B :265nm & L7=,

BHTIBERE, EUREL R TATIVBELTTANTX U, IVEIVE, HHE2RTHT7I)
LT NVEIy, Y, Ialy, ULy, TI=0, hEaRTHTI/BEL TN, AF 4=
voAYaAY Y, v vy, FAVY, Tam AT T2, EAF UL, TAX =0 O 15 MOWEEE T/
B % H B 7B M i (ALC-1000, SHIMADZU) ([ZEVEFHIL7Z, B 7V ORTLELE LT, )
T TN 2% ANVR Y F VB N A RET T AR LT, SHICE LBV GO LB Az A
TIUTANHE—IZKVER LTt DE ST T ELT,
5.2.2.3 {HEH IR ITHE WIS S E

7ok 7 a AR E % OMME Y7 a2 HA VT, RHEO METER (NRM-2010D-D, HUDOH)
(Z R0 BT WIS ) 2 F I U7 R KE Lo U BT R S SmmxSmm O IE 5 B IR D 80, B K
ROV TNEGIH L, fh 8 HE ISR L Ca BB W 200 720k BE T8 s D E 25l L7,
5.2.2.4 f5 B METUAE AR 38 K OV AR Mk EL R

HATR 100 B A (694 ) 12, MK EMIV=— R NAL T T > — (B—F 4 F b~
VAR 14 G) ICXVBRGV T NVERI L, A4 A7 — ORI EITFEINEZEEREE L
Too == FANAFT 2 — 38— BEHED DT IS, 0 R O sk O E1TIZh -



THAL, B 12 WHEICH Y T 5252 50E 2mm, &S 1.5—2.0cm O FH#E 10 K2 E %
[FIER O i MRMEEATIC R A COMA TOM Lok, HONICHAEERTIC TREER S —
80°C T B RAF L7z, Mt WUAE U Ok, BRI ARG &2 MR o FE,
i AR AMEELEE O I E FIEIE, I ELFEEREL,
5.2.2.5 #FHLE

A RE RIS B X O Y = SE T/R U7z, B A% Rl I B 97288 5 AL B IX, Student’s r-test
IR X HICB T 50 B EZDOREZIT > 7c, ZTOM OF & H B (B 28 5F A BRI, #aHL
BV 7k (Ekuseru-Toukei 2008; Social Survey Research Information Co., Ltd. Tokyo, Japan) (Z
FOG BT ZFERE L, Bonferroni M EIWCIVRABRXMIZKITOHE B EZDMREEZIT -T2,

53 R
5.3.1 B EH & LB WK

JEE R (798 Hiln) IZBITDH5 B X OV IR EIL, H [X:477kg, R X :454kg BLOVIS X
768kg Th-7-. H XKBI R K D% 3 S HODOL KM IAAZ R EZFHH, B BIOEIZHEIL
T a O EE%L Fig. 1712, TOMRME &IIX T8 A28 (W, BT, fH 3 KO G )
EEI A% Fig. 18 12, HAWEBICH TL2EEGFKN (WHEREMN, KR ZEMHBIOKRER)
B A% Fig. 19 ICZNTHRLIZ HREXBLEOR ROKEAEEBIOEAT O A, & OE
BIZOWT, RBXMICHEERERIIB OO o7, LML, H KIZBIT2E A F ORI E &
I3, R KEVAREICEN->72 (P<0.05) o H KO &M W I 5 D5 KR B 4 L OUKE
OHEEHGIE, RRIVAEICE WELZRLLE (P<0.05) .

53.2 MR EHICB TR AN

% B X O e 5 2B 1T5 CP & H R % Fig. 20, IMP & &% Fig. 21, HilEHE 7 /& & E
FOEWK WKy LS lERE I /R & &4 Fig. 22, a— ha7=w—/L & &% Fig. 23 (T
FNENRLIZ, HXER XD CP & A RITBYH 20%REARL, ISKIVAEICHWEEZRL
72 (P<0.01) , ¥/, HXER XD IMP & &1L IS KXV A E L0 ->7- (P<0.01) ,HXER KXI|Z
BULWBGERTI /B a2 R0 7I/BE &I, IS KEIVAEIZZ o7z (P<0.01) , ¥
W, ISKICKIT2EMEE T2 7/ E &%, thoRBRXIVE EIZ£< (P<0.01) , RKXIZ
B HREETHHEMH I /BE &I1X, ISKIVEEICEZ o7 (P<0.05) ., HXER KIZEITS
o—harvzo—LE &I, JS KIVE BEILE otz (P<0.01) .

Fo, Mk EMHICBITLHCP G ARLHEIENEZAR, IMP &, o—FMa7=n— LG E&EBLUOE
Mo A RICX S LK ERE T S & OB%%E Fig. 24 ICENThorLic, WkEDHH o
CP & A RIZxTHMIEN & A RIZTA DB (y=-5.4337x+1.1452, R*=0.95419) , IMP & &%
EOMB (y=19629.7x-2182.6, R*=0.7577) , il 7 /i DO b B A 2 750l 73 /B I3 &
DA B (y=-145.0770x+37.2424, R*=0.6499) , H % 2 T 2l 8 7 3 /B 13 1IE © 4 B
(y=1659.9027x-158.5964, R*=0.7672) #TNZN R LT, LoL, iR EMH T O CP & H LKL L
EETAEMTI/BEERINa— T xn— L E BICHEFLRME IR DN o7,

5.3.3 BI85 2B 58 Wt s ) fE



2% B IX O 08 15 12381 B 8T W IS /T & Fig. 25 (2R L=, R X o0 8 Wy s A4 23 th o0 38 Bk X &
DEBEICEWMEZRLIELDOD (P<0.05) , H X & IS X OS] s 7] I8 & 70 2= BITER O LR
Mmootz

5.3.4 £ 8 HE T AR BR 35 KOV AR HE EL R

LHIK 100 H I (694 B ICAAF T2 —ICEVE B L3R4 Ol & £ 5 Ic BT 580
FRMERD (17, TTA BB K O IB ) O pk E| & 3 KOV B e B2 % Fig. 26 (2o~ L7z, M ¢ M AU
HREI S I OWTHRBR K ICH BREITROLNR o7, 2, ISKIZBITH TR BV A A
i AR AME ELEE S, M OFRBR X IV A B ICKREREZR L (P<0.01) .

5.4 B8
5.4.1 BRAA#ERK

ARBICBWTCTHRER ROBSHIAEBIOHRNEZIZOVWTARRETR DN
2o L2, HXICBIT A W h O IEN B &1, RKIVAEICEL (P<0.05) , £ A & &5 4
LM EEE ST H K :15%, R K 12%fRE CTholz, ZTNOOREFIL, LM LB 4 1ox 7
LB E BT EEREAEEN OEMARETLIL, 51T, O E T E E
BBICEIVERBRE T TRBLEL G, BEROENEB R ICBRINDLZEER LT,

BEMEESFOLA, IR EWICH T E HIH A2 E %, 31 A s £ L& B o 22 fa
BIELIEE OB A E &I T 5NN E&EH S 134 24%, £72, 4 A s LA, M & B o 2%
RSB E FORIEN EE&E AT 20% Th-o7- (Gotoh et al., 2010b) . AF B & Gotoh
et al. (2010b) O #HE & OERE T, HMFEOEWITMZ, RFHBRIZIB W THE BRI TO MK
JEEEWVIR R ESRME T T, EORBIEEDIEELINTZEEZRE LT, £7-, Ebaraetal.
(2010) XA HEFE LB A4 1oxt T2 0 M B B Wl O fs 5 5 38 Sk 0 W3, IR 1M e o iE i) 28 4k
BIXORZEOALEZHIEH T8 FOEREEZH OGIZL, Lo, KEEDO H X & R KO IZHBW
T, MWIEMEEICKTOAN, LT, HEBIOEBENEEH A ICARERERIROLNT
(Fig. 18) , Ml B NI & A RIZOWVWTH H X:3.01%, R X :2.39%FE 2R, AKX M

BRER TR OONR T (T —FIFERTR) . —MIS, AAFICBTLENEREIL, BEHIZL
Lo THEIEN, R TOIRICERE TS EEBHL, REKNICHANICERE SIS (Sainz and
Hasting, 2000) . A HDZ 0T, HHEKREM TORBIEF B W TYH, + 2y 2248 B & LBy
M OMERIZEY, UM EIICBTA2EEREZERH LGNNI & A BICENLDF WA E
DA FEMEEZ I RIB LT,

LR RICBI KR ED, KR ZEHBIORERIL, ZORKEISERE OR35S
B, ARBRICBWT, H KOBKEAESHAPICEDDIRKIR ZEHHBIOKEROE&E AT,
RXIVEEICHWEEZZRLZ (P<0.05) , L2L, MxEMOEEE SICBEALTHXER XKOM
[CHEE e 7 BAITR O LN o7 (Fig. 19) . THOOHE B, A MM £ B4 125 T 20 3 ik B
HICBTHEE R E 2SR GBI OKRERN OB I EEL RIFT %2R LT, Zembayashi
(1990) 1%, MFEOEWVHRARFOFTEGKEICKIETHELZALNCT L0, BEMMER
FORNAFA B EB L OMKRTAREEREB L, TOR/BR, 2 ARICH TI2MEKEER, KR
THBHBIOKRESE AT, BEMFETT.35%, 6.50%BL1.71%~EE THY, "VAXAFET



6.20%, 6.69%, 1.53%F2 & Tdh -7~ (Zembayashi, 1990) , Zembayashi (1990) O #H & & AR B
DHRBIORRKZEKLIEZSG S, HEXBLIOR KOM K E G E & RCLENLOD, &5 5
FHEDOEFHIL 15%RERELIZFRLANNVEZRL, BEMHE ZHBICLOEFTIZENTH, ZUHE i
DFEENF = INKIEIZE B LR W ZENI L o72, &5I2, Zembayashi (1990) 145 B # )
DX EARBEMRBELTEBY, AELZE TOMEIZBWT, /B AR XU A SR EDY,
JEH OEATITEVET S AN OB EICBATT222®mE L, xRN, KR ZHEHBIO
KMEEF T2 THS R ERE 1 LT O E G CTHD (Zembayashi, 1990) . ZHHD#H &
X, RRBRICB W TREE ZHEHCRIER SV o2 B i 2oV T, F1H kR B3 508 Hl 4
D 5 R DNER oy WO ITHE B STl R 2SR UTc, PR R W2 36 10 2 0K | il 4811, 17 35 il i o &
VKR AEFEDT-DDF N2 FEBED—2EF 267,

5.4.2 BHEREHMICBIIIBBIEFTICIVAEEINZF A ORHE

M EICBITD CP &F %, IMP & &, Rl 7 /e BRI OER 7 /e &ICL
T, HXER XKOBICH BERZEZRIIBOLN o7z, LL, HRKER KO Bk e IS K
LG A, Z<OBEEREZRENBEOONIZ.H K& R KOMKEEMHNICHITS CP & f %
X, ISK IR 5% WEZRL (P<0.05) , A EM O CPEA R THMIEN & A FIXA
D% LT (Fig. 24) o 2RO ORE RI%, PHEBEM TOMBMEWIER R E R T TOREEFI
E0, AN ORH B IS T DL, RN ~ORMZERAMmESnZlicky, i
WNIERT & A EPME T LI Zme Lz, 16k, FRFTOMIEN & A RIIK0EHEORD
WZEBRWEE L, CP & A RIX—E THD (Savell et al., 1986; Park et al., 2000; Kim and Lee,
2003) . L22L, Ueda et al. (2007) (&%, BLh OGN & A B3 4.8 —39%F2 B H 705 B £ Finfd
FOMBREMRDOCPEARERELIER, CPEARITHIEN & A RN 23%ETIXIEE—ET
HHI (CP%=-0.048CF%+19.082, 4.8<CF%<22.867) , MLIENi & A R 23%LL LB A, CP &
HRNHAZEITIK T (CP%=-0.288CF%+24.578, 22.867<CF%<39.0) T 52,2 EL7= (Ueda et
al., 2007) . ARBROZEHBRXICBIL2MIEN & A F1X H X:3.01%, R X:2.39%, JS X:
25.95%FfE E THV(T —HIH ERKRTR) ,CP 5 AFICKLTAHD KM (y=-5.4337x+1.1452,
R’=0.95419) Z/RLI=2E0, k&M AN OHIEIIBL Y CP & 4 5 O B4R 134 fE & R 2% 4 1
ICEoTHRRD AN R I NI,

FROEKRE D ELTRERNZ IMP BXOUERT7I /5 &ICEAL UL, B& % ORI
FORESZEH L (Nishimura et al., 1988) , A5 N 23 MR Il 0 i M ME AL D18 WA, Bk 4 R B[R
WEEZZTHZENH BT > TS (Cornet and Bousse, 1999) , £/, ZHIUHKEME D 5K
SIXFERHR OB & A REAOMBNRHLENHEINTWD (Tsuneishi et al., 2006) , K
REBICBWTHRXER KO EMHN IMP BLORFERET7I /S &N, IS KEIVEWEEZRL
ZEE, ANENEAROE T NRRKERER O —>THS, FRT O IMP & &IZHOWVWTIL,
—RICE S % 48 FEEIFEE TR ATP AHBL, kK KB EMICETIEEZLRL TV
(Busch et al., 1967) . Rk CHEA L7 i & i o7 i, L& 4°C TH 30 I [l PR 2 S 40,
ATP 775 ADP ~DOB UL B LN AMP 7205 IMP ~DO B 7 I /{b bW o7= ATP 4y fi# % 1
(Kasssesarn et al., 1963) D& FIZh-oT-LE xbhiz, KRBRICBI2FA T O IMP & & & CP
SR ROBRIIZEDOMHB (y=19629.7x-2182.6, R?=0.7577) MR b, bk il 3 12 X5 5 Vi
GHROIERT, CPEAROEEIN, IMP & & OB MMAMEE STbNT-,



Tsuneishi et al. (2006) 1%, HHBC 28 18 % i fl O 2k 7 P ERE T I /8 5 | IS OWT, T AN
FIXUEE, BV, TNEI, T2, AF A= NBEFE R B OB AIVEEL D00, JLVEI
e, VNI T2 WA L, ARRBRICBWT, HXER RO AVEIVEEEF LELEZE R
FETOWEHETI M &1L, IS KEVEAL, BIZ7 a2 ah Lot e T 50EHE 7
G BICBLCIE, HXER KN IS REWHE L (Fig. 22) . 260 % £ 1X, Tsuneishi et al.
(2006) O EEXFF LT, £o, B, HABIONEALEZETHHEHET7I/RE &L CP SAFD
BRAHE LSS, E%WIZAOHE, HAIZIEOHB, % 2103 HE R BERAR DRI -
7= (Fig. 24) . ZNOHDORE R ND, HERET7 I/ E ®IXZOFEBIZE-T, iiAF D CP & HFLED
MICER ST EZ R FF LR E B THENRIB ST, Ueda et al. (2007) HilERETI /8RS
BERERFEFOMIIZAOHBENRRDONLEOD, ZOZLiX CP & H F LA OMOER IZ
I2bDTHLIEEER L,

JRIEMEE XD — 2> Thb a—barvzn— L OF R HEH &L, BB E O 5 I2X0 N
THZENH B TWS (Tanimoto et al., 2004; Yang et al., 2002) . £ 7=, Mitsumoto et al. (1998)
X, FHAF O a—ha7xm— L& B2 0.35mg/100g LA EE& FhiI ik, I5E BRAL 234l &
W, RUy 7T BEREAL, i ENZEMTLIIEZRELTEY, a— b7z — LT EF
FRICE G T2EERK S DO—2ThHDH, FEIVEIZBWVWT, HXER KOREERBRK TRIZEBITS
fMH a—ha7z=m— LT 900ug/dl UL EIZEL, JSKO3FLL EOEEER L (Fig. 15) .
AMEIZIIEY P ha 7 oo — L8 100—420mg/kg 2 5 £ T30 (National Agriculture and
Food Research Organization, 2008b) , KR H D a—haT7=m— L& EOMIX, B & (i
GEND o~ a7 2u— VOB EMINICEZHGAN~OBITERMPRERERO—->ThHd, =
NHORERIL, HHERER TORMEEFICLD ao—baTvza— L& &IZE AT & 0 24 A
EEOFREMHEREB L,

STWT AL, BRELTCOMESAEHENICRTHEEDO -2 Thd, FRAOHW Nzt T2
R I AT, fE, i, 540, BERME, HiEME, 27— BXREHO&E, i, &
P72 8 % I8 12} 5 (Boleman et al., 1996; Shiba et al., 2004) . KRB T, B &% % 30 B
PR EE R AERL, UAA—XICED8 W s S A2 & Lz, IE A N O IE M & f F1X
AL TWRWSOD, g5 & i N OGN & A R LT FE SO/ M 3 HE W FTE THY, IS KD
SIS DE S, R KXV VMEZ R LIZEIRNEL T, 2OE N & A R B L O LR O & 0,
MR INT, £/, R KOMIEFH LFREOHMBEN & A FLE 20D H X O IE 7 O 5 Wik /)
E2, R KEVA BRI WEZ R LIZZ80E, PR E WICB T2 E I &y, koW KRR
FRAEFENARR TOHLIZEERBR LT, TOERKRO—H2LL T, ¥ A E MBI E il #icX
DEH B EOEANE 2NN, Wk EHICBTMHMRMESRBIOERICONT, HXER
XOMIZZERIZBOONRPSTLIENDS, BEG a7 — U BEBLOE KB HAMICBT5E
B A 1E OFE VI HOWTH S B M AR T 20 ERNH D,

M EBICB T MRERBREAICOVT, RREKMICAERZZIROLN LT, R
X D 1A B 5 BBl 513 IS KLV & W E 1\ (P<0.09) Z7kL7- (Fig. 26) . ZaUd#HE ik ZE H ©
DR BEYHEAR DD DR O SL, BEI W72/ A OA Bk 5 42 2R L U8 1K #E B 4T
BB L7228k, ZHICHE G L7 b SR ME & U CUHE LS RF A 1 20 B4 S AR 3 03 B AU 78 7R
ERRHEDOEI G N IIMLTEEE 2 b, KRB O R LR A IZ, Ozutsumi and Okada (1981) &
B ED R B MRS NN T2 2@ 5 Lz, DI, REHRER S DEHVFRIZED



M, Va—v—ThHHILENMEIN TS (Melton ef al., 1974; Calkins et al., 1981) , 2D L
a:t,%#Wﬁézﬁimf‘@ﬁ&%zﬁeﬁc:iéﬁ%%ﬁ%ﬁ%%ﬂé\&:%@%ﬁokﬁ%ﬁfgﬁ#?ﬂéF@T P 2R
L7z, F72, B HEERICHOWVWT, HXER KO T A BIO ITA B MM B2, IS KA &I
INEVMEZ R LT (Fig. 26) o 2OZEIE, BHEBEEM TOMBE R Vo 72k = &1 T ick
W, EAAKRDOTEDDO=RX VX —BRNANETHIEERLE, £, FIVEICBWTEER
BRI F O MRFs ORBLENEZR AL/ R, H XE R XKIZBITS Myf5 & MRF4 O BLA3, IS
K E0A B I WEZ R L (Fig. 16) . ZHH00 MRFs 8RB 1L, 1K 5% 28 & 1 B8 L OV i 1Y 70 &)
DLBEIRGRNME T T, B AT BT 5/ FF M B X O & ARG SN2 RmE L, &
HIZ, INHDOZEE, HXER RO IR BIOITA BB MEE R, IS KID/NSWEZ R L
REEF T,

PLEDOFE RS, HI R E ISR EHE 26 LR MR E 8 4%, #HERE COlKEn)
WEZRRBERM FCIRE THZEICLD, ZUHIZREMAMA IO RNBLORE A OFREHEIZON
TR DB SN oTc, 85— 12, I EHOEREHRIEIZEY, REAHEREICEBWTHER
MEREIND —HOEKG (KB D, KEM) ORENMEINDLIET, B RFICEBE N T
b, TNOHDOFHHEE A EZESHEFTHEE 20T, S5, W1 R E W28 T D08 680X, ik
Ezﬁ% IZB5H CP A=, IMP & &, M7 /& &, a—harvoo— L& & B L OW, P

IR B EZ RATSRNE OO, {E1E 7 28T 585 Wi S A2 K T S22 e0n, (K8 il f#1 ctéik%
DAIVMERHE WG A AR BE D AT RE SR R ST, B IS, B AR AR M T o BB E D I A ok A SR R
TCTOIREIX, FFEES O BT SEROEEICLY, 2O AR ON iGN % E &
BHEICR TS, AR O CP ZA%, IMP & &, REM7IVBEE, oM 7zn— L5 &
EHINEE LN LN Tz,
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Figure 17. Carcass weight, total muscle (LJ), fat ((J) and bone (M) weight of groups H and R. Data

are mean £ SE. * Significant difference between groups (P < 0.05).
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Figure 18. Visceral (IJ), subcutaneous (M), intermuscular () and renal (M) fat composition in the

right side of the carcass for groups H and R.
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Figure 19. Carcass composition of weights of LT (LJ), BF () and PM (l) muscles to total muscle
weight of groups H and R. * Significant difference between groups (P < 0.05).
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Figure 20. Composition of CP in LT muscle of groups H (l), R (OJ) and JS (O). LT muscle:

section at 6™ - 7' rib. Data are mean + SE. ** Significant difference between groups (P < 0.01).
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Figure 21. IMP content in LT muscle of groups H (W), R (O) and JS (O). LT muscle: section at 6"

- 7" rib. Data are mean + SE. ** Significant difference between groups (P < 0.01).
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Figure 22. The free amino acid content of total and each category (profit, sweetness and bitter) in
LT muscle of groups H (M), R (O) and JS (). LT muscle: section at 6" - 7" rib. Profit: aspartic
acid + glutamic acid, Sweetness: glutamine + serine + proline + glycine + alanine, and Bitter:
valine + methionine + isoleucine + leucine + tyrosine + phenylalanine + histidine + arginine.
Data are mean £ SE. * ** Significant difference between groups (P < 0.05 and P < 0.01,

respectively).
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Figure 23. a-tocopherol content in LT muscle of groups H (l), R () and JS (O). LT muscle:

section at 6™ - 7" rib. Data are mean + SE. ~ Significant difference between groups (P < 0.01).
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Figure 24. Correlation between CP percentage and CF percentage (A), IMP (B), a-tocopherol (C)
and the three free amino acid categories (free amino acid related to profit (D), sweetness (E) and
bitter (F) taste) content in LT muscle of groups H (@), R (O) and IS (O). LT muscle: section at 6
- 7™ rib.
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Figure 25. Shear stress in TP muscle for groups H (ll), R () and JS (O). TP muscle: section at
6" - 7" rib. Data are mean + SE. *' ** Significant difference between groups (P < 0.05 and P <

0.01, respectively).
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Figure 26. Percentage distribution (A) and diameters (B) of myofiber types I, IIA and IIB in LT
muscle of groups H (H), R (0J) and JS (O) at the conclusion of the experiment. The LT biopsy
samples were obtained from the steers at 694 d of age. Data are mean £ SE. ** Significant

difference between groups for the same variables (P < 0.01).



BVIE # & & %

F1E BHEREHORBREZER L RWARE

VX T ER =T R R Y, EBEL TERWH WM E Ky (Bre—2ABLUI~IkEL R
—R) AL, REFENIOCEAERELTCORBRNRAELLEEL, ZNEENIEHBE T2V H
TR EMBEHRELZH S THREY (KBEY) ThD, UL, BAEOWRHFAEEIL K&
OF W EL (4,000 —5,000kg/FH) AF G 7O BEEHOLE, mWERMRE W E2E T8 E
FFE DA PER RN L THD (Gotoh et al., 2009) . £7=, A4~k G SNDEE & E D 90%
UL B VES DDl A ST WD, IT4E, 2O TR E S TR L -2 <OMBERFELTWD, K
EOR G OENMAIL, AEi%, BSE FORAICARONIZE M EBLIONEOLRITH T
LR, B EENSHE N SNA3 R LB 8, Z0IC B A8 55 B L OVE K 1 72
B ATACIDODF E WAL ED L OMEE 25, 2004 4, BRKEAR IZTEERZICXHLT,
F & Pt O E LB A R ST DI HE LTS, F 4 Pl ¥ AL B B 3 O FE i IR DRk B
THE, BEREZBIEBLTND, o, HEES SRR EMKBE (FAO) (2010) 1%, R D
B & EEIZBWTIfE 2,500 77 A B HLERIRAE THY, H 44 500 1 A O fHEENHIE L TWDHEL
WEHEL WD, LEETHLIAARIL, AN RBEANATUAEEELIEIZT, BNICBITSE
FEMREFELZRER S, BIRMEEEOHFLWVEEI AT LAAERIE TWIENEHE THD,

BTy R TIE, E% DV B ICHE T D5 OB % OIS HIBHR OV oI, &
BT TIERL, RO AR EMNORBERENRKREEELTCNDIIERHRESNT
W5 (Levin, 2000) . ZOMHI L E M ORE, FHICRBRE ICBTO2RH AN 22 R 0GR
(RE H ) SD8 G 3R A F A A ”H DN T “DOHaD (Developmental Origins of Health
and Disease) "EFEIXAL, 1 H S TW5 (Gluckman et al., 2008) , B H 4= 12xt 75« £ B Y
RGAIE, BARADOFRAEAELZRERS, BRARUOFLWVE (AT ANERIELG6 2072 —
DOFEEEZEZLND, L, YIHIARE M O M F o3t 35 @ 5 5 fil BHG 512 22 43 il 4812
B 95 & 13 72,

WA, BEWNFE OERACICEDEE RS @ 7 A2 HI1Ck0, ol M R 2 o0 IS8 E ik E
M3 INL CTh, RHREE, BB ALV EHE NS ~OX G NE B R EIT/L>TH
%o B ME A A S ) U2 B R CEE T oo B R o B B O B LT, B R s R MR R gh B L
2C, mBUEDHRSCBEEOIE R IED ENRDOEND, LvL, & IR 8 76 i3
TOREEN IO TOWE 14 72\ (Hayashi, 2009) , 22T, E WO & #3852 C,
FLWEEJRELCHHEREM OMEEZ A A4 O R EL TS 52810 72 5 M 72t
WMAENETHILFEETHD, E6IT, FHEREM TOFRNEFEDORIEEZHOMNICTH72DIZ,
BEEOEM B SRV AEFESNERICOWT, ZOHE(LFHEREZRE TIZENLER AKX
ThD,

ZIT, AR CTIEIHHERERICBTIEERAERA LZERMERIORN A4 EHE AT LD
MEXBEBELT, YIHARE TR T D5 5 2E B2 IR E G2, A0 E MHERE
WHEICKRIE T ELAREICT LRI, HEMERTORMIEE R E LR O WK ENE
OHALZMMERICRIETEEEZRFT L,

28 e TR AR (S k3200 W kB B oKX, FB RS R o fR B B
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Figure 27. Photographs where change of scenery in the abandoned farmland in this
study before (A) and after pasturing (B), and the crossbred Wagyu steers were grazing
tall goldenrod (C). A: Land where tall goldenrod (Solidago altissima L.), B: pasturing
begins and it in 9 mo, May in 2008, and C: picture that crossbred Wagyu steers were
grazing tall goldenrod (Solidago altissima L.), October in 2007.



S

UL AR, d@ A B BRI IR F TR ARAOR A EE T, Ao eI E, Pk
SNOHREBEOERLHEIZEHDOIREAWMEDOLLOMELR 25, —FH, ZMieBE @ AIZLD
J&: 2 D% B AT B D 1L MU 3 1T B AR S S, RIS L T s, BRI, &
B 2RECMEE L EERRE CTHL, BER2OHE SO L R Al 2B MG R OF L
FWAEEATLAOBEITIRRAORECHD, AT, MR E (REBMMEE X FLAXA
VHEME) ISR MR W ORBFEHICIOEREHRE D R BEIY, 200N 252 T -4 8
DOBAEMERICBITDEIEN LB EDR, BEEBLOERNEICRETEEIZONTEE
2, AR BIOY FAEMFEICREI L,

WEM (0—5 Al IcEEAKIEHRALEZGL, Bl (610 Al (2 57 k%
B A SELIL TR ERI 2 EM LR O 10 A E IR ISR EIX, B AKOEITIHZREE
%, OB TERLEAZ RO I3GEREIGEL, AEICEWEZ R LE, BICEEBLIOW
FHCELWE BB OO, HARDEITH R E BEIOE RS M Tl 28 S 7o 28 Ml 4 L E ik
LCh, RE, REBLOMWATELWREDREZR L, 2hoDZeh b, IR EH 0% EF %
2T 5 B & O H EYE RS R STz, #) 0 Bl R W ISR B ) B A 92 i U 72 A8 e R AR o0 i 4 R
DAVAV R E R -1 (IGF-1) REN, BT ER, WEOHLTERDLOITEITH
BREEBLUEZHEEF LA BICESHER SN, $72, WK E W ICBTHRE 6 i, &
B 5 DR RRHERIRE R P T D E R ITIT R B A2 R ITSR VOO, B ¥ /5t o i 45 b H 8 K+ 8 o
FREIZEI L C, myogenin HH & O F L T, MRF4 BLO myostatin HE & EFBRHLN
Too ZNHOZENGIHE B RN 5 8 5 78 8 B 2 40 IS KD Hl 4%, w1 E W oRFIC
ZELWBH R ZRIEL, B O E RIS T D5 MK 0 B0 HE R O T DR ST,

MW EYICAREREE2ER LS HEREEBLOARDBEITNRH TR, EOALTRHEL
To AR HERR AR 2 D TR B B %, BEERGE M CO RN AR E (12—26 H ) s E
L7z X OF B EREARICEIVE CORMREDOR B MEMR LN, BH LI, SR OB
WZEVREFOM ERRBOLNT, ZOZEND, BIHEMEM COBBAR B ICEL T, & 0% & it
Ko E IR O w0 BEE SR B XivTs, BOBOIEE IS, B R T o) Ak i EE A 7 BE OB RE B8 KX OV
BRHE MR IS T DR I O BE R EIIRR O LRI o T, BB Rk B WS B A S e L
FRMEAFDEESHEAICBID R 8 (707, ZEEE) BLXOKER (ELVA) ET&EN,
IVHEBICE ol FREAKBMTHIMN COHIM KRN (m—2) OFNIENE A FIL, Ak
XA BERZITRDONRDoT2b OO, RE il 18 4 5 i U 7o 28 M FE 4= B I oK B8 1 81 A 3
HBREICE Do, £, RERIHZ LM L= MR OB 5 (EIE) TS DEIA R
IR WEZ/RL, HOXOLDEINE TIE0NRBENT, DT, H AR OEAT B 7 i 8 K HE 2L E
B, ERBIOEESNTRZMREA LR LTS A, SHEKREM COBMIIEEICLIVE RSN
RHEEFOERNEIIRTLEY, BEBROFAFR A/ B, HHTI/BBIY a—barz/—
NERENEFLZ, Z2ho0ZllE, FHEMFEM CORMIEEICLD BRSO AEEICEND G W
EPEDOFREMEEREB L,

AT TR DI R X, A RS TR A BT, B E BEE e ooE IS LA FRfE AT RE 72
BRMEERAMOFLWFREE AT LAOBREICHE G I MFEIND,



S

KR OZEIT, FRE~DOHHm L EBBLOKRGEG LOERNGEDVELDITHIZVEL T, &b,
B TERITHRELLNOLOWMEI NG -T2 UM K% K EPE R A R B 1% Bk & STHE B 1200
DEHL, E<BILEZRL LT ET, Kia COERITHTZOIK B & & H R R~ a2l > 72 LN K
FRFREEF IR R EEHE, B EEZHR RO Z#HZICESBILEZRL L
FET, UINKFICBITLMREOR S A5 2 CHE, G728 5 W% 5% o 7 mf@ [ R E ¥R
ARBERE RILBE®REL, A REAKESSERE HTEBEILK, @0 EEERA R
Lo RE K, R - KBIOEME FRICOPSEH AL EFEd, 72, KFE~0%E
F, BITICHEZVELUL, 2ERBERERFRMASESSOERERK, @ REERGRBRS DO
e, AEHERBLIOIUINKFZRZHMBERG SRR EFZREFT G OMBEH R, EHEH
I, VDR SR HERG, M E G — AR XY, #4h, @U@ 8 2B 0EL, RUFIEICIT 28 1E 3
HCORAMEFER B OZITICHTVEL UL, Baim b N OB XY, 2 K255 5 L8
BZTHEELL, 2R LTLBEEH L, E<BILEZHL BLFET, &% I, RFRZEITICH
0, LOXZERVEHEL TN ZE LA ZE OB L ET,

ks, AFHIAE R E ORNEL, LN KRFE FAE NG S (L R %) I Studies on
Nutritional Regulation of Constitution during an Early Growth Period and Fattening by Grazing
in Abandoned Farmlands in Crossbred Wagyu Cattle | F1 LR L7H D THD.

(R S (B ) 7 —
URL: http://mars.lib.kyushu-u.ac.jp/infolib/meta_pub/G0000002GAKUISYOSI 19077)



51 H Xk

Abdelsamei A.H., D.G. Fox, L.O. Tedeschi, M.L. Thonney, D. J. Ketchien and J. R. Stouffer.
2005. The effect of milk intake on forage intake and growth of nursing calves. Journal
of Animal Science. 83: 940-947.

Adams G.R. 2002. Exercise effects on muscle inslin signaing and action, Invited review:
autocrine/paracrine IGF-I and skeletal muscle adaptation. The Journal of Applied
Psychology. 93: 1159-1167.

Anderson K.L., T.G. Nagaraja and J.L. Morrill. 1987. Ruminal Metabolic Development in Calves
Weaned Conventionally or Early. Journal of Dairy Science. 70: 1000-1005.

Ashmore C.R., G. Tompkins and L. Doerr. 1972. Postnatal development of muscle fiber types in
domestic animals. Journal of Animal Science. 34: 37-41.

Bartlett K.S., F.K. McKeith, M.J. VandeHaar, G.E. Dahl and J.K. Drackley. 2006. Growth and
body composition of dairy calves fed milk replacers containing different amounts of
protein at two feeding rate. Journal of Animal Science. 84: 1454-1467.

Blome R.M., J.K. Drackley, F.K. McKeith, M.F. Hutjens and G.C. McCoy. 2003. Growth,
nutrient utilization, and body composition of dairy calves fed milk replacers containing
different amounts of protein. Journal of Animal Science. 81: 1641-1655.

Boleman S.J., R.K. Miller, M.J. Buyck, H.R. Cross and J.W. Savell. 1996. Influence of
realimentation of mature cows on maturity, color, collagen solubility, and sensory
characteristics. Journal of Animal Science. 74: 2187-2194.

Breier B.H., J.J. Bass, J.H. Butler and P.D. Gluckman. 1986. The somatotrophic axis in young
steers: Influence of nutritional status on pulsatile release of growth hormone and
circulating concentrations of insulin-like growth factor 1. The Journal of
Endocrinology. 111: 209-215.

Broderick G.A. and J.A. Kang. 1980. Automated simultaneous determination of ammonia and
total amino acids in ruminal fluid and in vitro media. Journal of Dairy Science. 63:
64-75.

Brooke M.H. 1970. Some contents on neural on the two histochemical types of muscle fibers. In:
The Physiology and Biochemistry of Muscle as a Food, vol. 2 (eds. E. J. Brisckey, R. G.
Cassens and B. B. Marsh). The University of Wisconsin Press, Madison, Milwaukee, and
London. pp.131-153.

Brooke M.H. and K.K. Kaiser. 1969. Some comments on the histochemical characterization of
muscle adenosine triphosphatase. The Journal of Histochemistry and Cytochemistry. 17:
431-432.

Brooke M.H. and K.K. Kaiser. 1970a. Muscle fiber types: how many and what kind? Archives of
Neurology. 23: 369-379.

Brooke M.H. and K.K. Kaiser. 1970b. Three ‘myosin adenosine triphosphatase’ systems: the
nature of their pH lability and sulfhydryl dependence. The Journal of Histochemistry
and Cytochemistry. 18: 670-672.



Brown E.G., M.J. Vandehaar, K.M. Daniels, J.S. Liesman, L.T. Chapin, D.H. Keisler and M.S.
Nielsen. 2005. Effect of increasing energy and protein intake on body growth and
carcass composition of heifer calves. Journal of Dairy Science. 88: 585-594.

Buller A.J., J.C. Eccles and R.M. Eccles. 1960a. Differentiation of fast and slow muscles in the
cat hindlimb. The Journal of Physiology. 150: 399-416.

Buller A.J., J.C. Eccles and R.M. Eccles. 1960b. Interactions between notoneurone and muscles
in respect of the characteristics speed of their responses. The Journal of Physiology.
150: 417-439.

Burke R.E., D.N. Levine, F.E.IIl. Zajac, P. Tsairis and W.K. Engel. 1971. Histochemical profiles
of three physiologically defined types of motor units in cat gastrocnemius muscle.
Science 174: 709-712.

Burke R.E., D.N. Levine, P. Tsairis and F.E.IIl. Zajac. 1973. Physiological types and
histochemical profiles in motor units of the cat gastrocnemius. The Journal of
Physiology. 234: 723-748.

Busch W.A., F.C. Parrish and D.E. Goll. 1967. Molecular properties of post-mortem muscle. 4.
Effect of temperature on adenosine triphosphate degradation, isometric tension
parameters, and shear resistance of bovine muscle. Journal of Food Science. 32:
390-394.

Calkins C.R., T.R. Dutson, G.C. Smith, Z.L. Carpenter and G.W. Davis. 1981. Relationship of
fiber type composition to marbling and tenderness of bovine muscle. Journal of Food
Science. 46: 708-710.

Charles P., J.W. Poser, L. Mosekilde and F.T. Jensen. 1985. Estimation of bone turnover
evaluated by 47Ca-kinetics efficiency of serum bone gamma-carboxyglutamic
acid-containing protein, serum alkaline phosphatase, and wurinary hydroxyproline
excretion. The Journal of Clinical Investigation. 76: 2254-2258.

Claypool D.W., M. C. Pangborn and H.P. Adams. 1980. Effect of dietary protein on
high-producing dairy cows in early lactation. Journal of Dairy Science. 63: 833-837.

Cohen P., D.M. Peehl, G. Lamson and R.G. Rosenfeld. 1991. “Insulin-like growth factors (IGFs),
IGF receptors, and IGF-binding proteins in primary cultures of prostate epithelial”. The
Journal of Clinical Endocrinology and Metabolism. 73: 401-407.

Cornet M. and J. Bousse. 1999. Free amino acid and dipeptides in porcine muscles: differences
between red and white muscles. Meat Science. 51: 215-219.

Day M.L., K. Imakawa, D.D. Zalesky, R.J. Kittok and J.E. Kinder. 1986. Effects of restriction of
dietary energy intake during the prepubertal period on secretion of luteinizing hormone
and responsiveness of the pituitary to luteinizing hormone-releasing hormone in heifers.
Journal of Animal Science. 62: 1641-1648.

Doérner G. and A. Plagemann. 1994. Perinatal hyperinsulinism as a possible predisposing factor
for diabetes mellitus, obesity and enhanced cardiovascular risk in later life. Hormone
and Metabolic Research. 26: 213-221.

Ebara F., S. Inada, S. Asaoka, Y. Isozaki, A. Saito, T. Etoh, Y. Shiotsuka and T. Gotoh. 2010.



Intensive nursing and feeding during the early growth period altered intramuscular
adipogenesis in crossbred steers (Japanese Black male x Holstein female). Journal of
Animal and Veterinary Advances. 9: 982-989.

Ferguson J.D. and W. Chalupa. 1989. Impact of protein nutrition on reproduction in dairy cow.
Journal of Dairy Science. 72: 746-766.

Food and Agriculture Organization of the United Nations (FAO). 2010. The State of Food
Insecurity in the world, addressing food insecurity in protracted crises. Publishing
Policy and Support Branch, Rome, Italy.

Gluckman P.D., M.A. Hanson, C. Cooper and K.L. Thornburg. 2008. Effect of in utero and
early-life conditions on adult health and disease. The New England Journal of Medicine.
359: 61-73.

Godfrey K.M., K.A. Lillycrop, G.C. Burdge, P.D. Gluckman and M.A. Hanson. 2007. Epigenetic
mechanisms and the mismatch concept of the developmental origins of healthy and
disease. Pediatric Research. 61: 5SR-10R.

Gotoh T. 2003. Histochemical properties of skeletal muscles in Japanese cattle and their meat
production ability. Animal Science Journal. 74: 339-354.

Gotoh T., E. Albrecht, F. Teuscher, K. Kawabata, K. Sakashita, H. Iwamoto and J. Wegner. 2009.
Differences in muscle and fat accretion in Japanese Black and European cattle. Meat
Science. 82: 300-308.

Gotoh T., K. Etoh, K. Saitoh, K. Metoki, S. Kaneda, T. Abe, T. Etoh, Y. Shiotsuka, R. Fujino, K.
Matsuda, H. Suzuki, H. Hasebe, F. Ebara, J. Wegner and S.Tabata. 2010a. Metabolic
imprinting effect in beef production: Influence of Nutrition manipulation during an early
growth stage on carcass characteristics and intramuscular fat content of longissimus
muscle in Wagyu (Japanese Black). The proceeding of the 3rd EAAP (European
Federation of Animal Science) International Syposium on Energy and Protein
Metabolism and Nutrition (ISBN :978-90-8686-153-8), 6-10th Septemberin Parma, Italy.

Gotoh T., K. Etoh, K. Saitoh, K. Sakuma, S. Kaneda, T. Abe, T. Etoh, Y. Shiotsuka, R. Fujino, K.
Matsuda, H. Suzuki, H. Hasebe, F. Ebara, S. Tabata and J. Wegner. 2010b. Metabolic
imprinting effect in beef production: Effects of nutrition manipulation during an early
growth stage on the meat quantity in Wagyu (Japanese Black). The proceeding of the
International conference on developmental origins of health and disease “the power of
programming”, 6"-gth May in Munich, Germany.

Gotoh T., S. Imamura, H. Iwamoto and Y. Ono. 1999. Comparative study on the myofiber type
composition and the fat deposit in M. longissimus thoracis between young heifer groups
of Japanese Black fed freely on concentrate and roughage. Proceedings 45'h
International Congress of Meat Science and Technology, 1-6 August 1999, Vol, 1, pp.
278-297. Yokohama, Japan.

Gotoh T., T. Etoh, Y. Shiotsuka, K. Hayashi and T. Fumita. 2008. A novel feeding system mainly
utilized by domestic grass resources and grazing in beef cattle. Japanese Journal of

Grassland Science. 54: 182-194 (in Japanese with English title).



Gotoh T., T. Fumita and K. Hayashi. 2005. Reconstruction of good quality and safe beef
production system by regulating the constitution and feeding grass. Proceedings of
Japanese Society for Animal Nutrition and Metabolism 49: 33-48.

Greenwood P.L., N.W. Tomkins, R.A. Hunter, P.G. Allingham, S. Harden and G.S. Harper. 2009.
Bovine myofiber characteristics are influenced by post-weaning nutrition. Journal of
Animal Science. 87: 3114-3123.

Ha Y.L., J. Storkson and M.W. Pariza. 1990. Inhibition of benzo[a]pyrene-induced mouse
forestomach neoplasia by conjugated dienoic derivatives of linoleic acid. Cancer
Research. 50: 1097-1101.

Hammond M.A. 1932. Growth and the development of mutton qualities in the sheep. Oliver and
Boyd, Edinburgh, Tweeddale Court London.

Hayashi K. 2009. Studies on the cattle grazing on abandoned farmlands for conservative beef
production. Ph.D. Thesis, Kyushu University.

Hayashi K., K. Ikeda, A. Ueda, T. Fumita, T. Etoh and T. Gotoh. 2006. Short-term Response of
Vegetation to Cattle Grazing in an Abandoned Orchard in Southwestern Japan.
Asian-Australasian Journal of Animal Science. 19: 514-520.

Hayashi K., S. Miyakawa, T. Etoh, T. Gotoh and Y. Masuda. 2003a. The pattern of grazing
behavior and blood condition of the Japanese Black Cattle in the abandoned groves.
Bulletin of Kyusyu University Farm. 11: 36-45.

Hayashi T., K. Hodate, N. Nakanishi, A. Abe, M. Sato, Y. Fujita and H. Yasutome. 2003b.
Relation between beef carcass traits and various blood plasma constituents during
fattening period. Nihon Chikusan Gakkaiho. 74: 537-545 (in Japanese with English
summary).

Hicks R.B., F. N. Owens, D.R. Gill, J.J. Martin and C.A. Strasia. 1990. Effects of controlled feed
intake in performance and carcass characteristics of feedlot steers and heifers. Journal
of Animal Science 68: 233-244.

Higashiyama M., T. Kondo, T. Muramoto and S. Takahashi. 2004. Winter grazing of Japanese
Shorthorn utilizing a coastal region in Iwate, Japan. Bulletin of the National
Agricultural Research Center for Tohoku Region. 57: 123-124 (in Japanese with English
summary).

Hill S.R., K.F. Knowlton, K.M. Daniels, R.E. James, R.E. Pearson, A.V. Capuco and R.M. Akers.
2008. Effects of milk replacer composition on growth, body composition, and nutrient
excretion in preweaned Holstein heifers. Journal of Dairy Science. 91: 3145-3155.

Hinterberger T.J., D.A. Sassoon, S.J. Rhodes and S.F. Konieczny. 1991. Expression of the muscle
regulatory factor MRF4 during somite and skeletal myofiber development.
Developmental Biology. 147: 144-156.

Hossner K.L., R.H. McCusker and M.V. Dodson. 1997. Insulin-like growth factors and their
binding proteins in domestic animals. Animal Science. 64: 1-15.

Ide Y., N. Koyama, Y. Takahashi and H. Kobayashi. 2005. Effect of cattle grazing on the rooting
by wild boars in abandoned cultivated land. Bulletin of the National Agricultural



Research Center for West Region. 4: 173-181 (in Japanese with English summary).

Ip C., M. Singh, J.J. Thompson and J.A. Scimeca. 1994. Conjugated linoleic acid suppresses
mammary carcinogenesis and proliferative activity of the mammary gland in the rat.
Cancer Research. 54: 1212-1215.

Julius B. and J.B. Cohen. 1910. Practical organic chemistry. Macmillan and Co. limited St.
Martin’s street, London.

Kamiya M., M. Matsuzaki, H. Orito, Y. Kamiya, Y. Nakamura and E. Tsuneishi. 2009. Effects of
feeding level of milk replacer on bodygrowth, plasma metabolite and insulin
concentrations, and visceral organ growth of suckling calves. Animal Science Journal.
80: 662-668.

Kasssesarn B.O., B.S. Perez, J. Murray and N.R. Jones. 1963. Nucleotide degradation in the
muscle of Iced Haddock (Gadus aeglefinus), Lemon Sole (Pleuronectes microcephalus),
and Plaice (Pleuronectes platessa). Journal of Food Science. 28: 28-37.

Khan M.A. 1976. Histochemical characteristics of vertebrate striated muscle: a review. Progress
in Histochemistry and Cytochemistry. 8: 1-48.

Kido K. 2010. Ph.D. Thesis, Tohoku University (in Japanese).

Kim C.J. and E.S. Lee. 2003. Effects of quality grade on the chemical, physical and sensory
characteristic of Hanwoo (Korean native cattle) beef. Meat Science. 63: 397-405.

Klont R.E., L. Brocks and G. Eikelenboom. 1998. Myofiber type and meat quality. Meat Science.
49: S219-S229.

Kojima T., F. Murata and K. Sasaki. 2008. Grazing management technology of Japanese Black
breeding cow in the cultivation abandonment farmland. Bulletin of the Fukui Experiment
Station of Domestic Animal Industry. 21: 39-43 (in Japanese with English title).

Kristensen N.B., J. Sehestd, S.K. Jensen and M. Vestergaard. 2007. Effect of milk allowance on
concentrate intake, ruminal environment, and ruminal development in milk-fed Holstein
calves. Journal of Dairy Science. 90: 4346-4355.

Lee H., R.S.A. Vega, L.T. Phung, N. Matsunaga, H. Kuwayama and H. Hidari. 2000. Changes in
plasma insulin-like growth factor (IGF)-1, IGF binding protein (IGFBP)-2 and IGFBP-3
during fasting in Holstein adult steers and calves. Animal Science Journal. 71: 178-188.

Levin B.E. 2000. The obesity epidemic: metabolic imprinting on genetically susceptible
neural circuits. Obesity Research. 8: 342-347.

Lillycrop K.A., E.S. Phillips, A.A. Jackson, M.A. Hanson MA and G.C. Burdge. 2005. Dietary
protein restriction of pregnant rats induces and folic acid supplementation prevents
epigenetic modification of hepatic gene expression in the offspring. Journal of
Nutrition. 135: 1382-1386.

Lorenz K. 1970. Studies in animal and human behavior. Cambridge, MA: Harvard University
press.

Matsuzaki M., T. Sato, N. Shiba, S. Hara, E. Tsuneishi and T. Yamaguchi. 2001. Effects of
restricted concentrate feeding during the early growing phase on growth performance,

carcass characteristics and the somatotropic axis in Holstein steers. Animal Science



Journal. 72: 483-493.

McGuire M.A., J.L. Vicini, D.E. Bauman and J.J. Veenhuizen. 1992. Insulin-like growth factors
and binding proteins in ruminants and their nutritional regulation. Journal of Animal
Science. 70: 2901-2910.

McMillen C., C.L. Adam and B.S. Muehlhacusler. 2005. Early origins of obesity: programming
the appetite regulatory system. The Journal of Physiology. 565: 9-17.

Megeney L.A. and M.A. Rudicki. 1995. Determination versus differentiation and the MyoD
family of transcription factors. Biochemistry and Cell Biology. 73: 723-732.

Melton C., M. Dikeman, H.J. Tuma and R.R. Schalles. 1974. Histological relationships of muscle
biopsies to bovine meat quality and carcasscomposition. Journal of Animal Science. 38:
24-31.

Ministry of Agriculture, Forestry and Fisheries of Japan. 2005. Abstract of Statistics on
Agriculture, Forestry and Fisheries Census. Tokyo, Japan (in Japanese).

Mitsumoto M., S. Ozawa, T. Mitsuhashi and K. Koide. 1998. Effect of dietary vitamin E
supplementation for one week before slaughter on drip, color and lipid stability during
display in Japanese Black steer beef. Meat Science. 49: 165-174.

Muelhaeusler B.S. 2006. Programming of the appetite-regulating neural network: a link between
maternal overnutrition and the programming of obesity? Journal of Neuroendocrinology.
19: 67-72.

Muramoto T., M. Higashiyama and T. Kondo. 2005. Effect of pasture finishing on beef quality of
Japanese Shorthorn steers. Asian-Australasian Journal of Animal Science. 18: 420-426.

Muroya S., I. Nakajima and K. Chikuni. 2002. Sequential expression of myogenic regulatory
factors in bovine skeletal muscle and the satellite cell culture. Animal Science Journal.
73:375-381.

Murphy T.A. and S.C. Loerch. 1994. Effects of restricted feeding of growing steers on
performance, carcass characteristics, and composition. Journal of Animal Science. 72:
2497-2507.

Murre C., P.S. McCaw and D. Baltimore. 1989. A new DNA binding and dimerization motif in
immunoglobulin enhancer binding, daughterless, MyoD, and myc proteins. Cell 56:
777-783.

Myers S.E., D.B. Faulkner, F.A. Ireland, L.L. Berger and D.F. Parrett. 1999. Production systems
comparing early weaning to normal weaning with or without creep feeding for beef
steers. Journal of Animal Science. 77: 300-310.

Nakanishi Y., K. Yanagita and K. Ogawa. 1986. Effect of underfeeding in winter season on blood
constituents of nursing Japanese Black cattle in year long grazing. Bulletin of the
Experimental Farm Faculty of Agriculture, Kagoshima University. 11: 7-17 (in Japanese
with English summary).

National Agriculture and Food Research Organization (NARO). 2008a. Japanese Feeding
Standard for Beef Cattle. Japan Livestock Industry Association. Tokyo, Japan (in

Japanese).



National Agriculture and Food Research Organization (NARO). 2008b. Sandard Tables of Feed
Composition in Japan. Japan Livestock Industry Association. Tokyo, Japan (in
Japanese).

Nishimura T., M.R. Rhue, A. Okitani and H. Kato. 1988. Components contributing to the
improvement of meat taste during storage. Agricultural and Biological Chemistry. 52:
2323-2330.

Oda K. 2006. Trends in Nitrogen Flow since the 1980s in the Food and Feed System in Japan.
Journal of Science Soil and Manure, Japan, 77: 517-524 (in Japanese with English
summary).

Okamoto C., K. Kabata, N. Hattori, T. Koutaka and M. Kikuchi. 2001. Energy Intake and
Retention of Suckling Japanese Brown Calves on Pasture. Japanese Journal of
Grassland Science. 47: 16-20 (in Japanese with English summary).

Okamoto K., U. Ueda, R. Maeda, A. Mizutani and T. Sugiyama. 1976. Microscopic
histochemistry. Vol.1. Igaku Shoin, Tokyo.

Oshio S. and I. Tahata. 1981. Studies on the method of adaptation to grazing environment II.
Influence of various feeds before grazing on the microbial populations in the rumen of
calves grazed on pasture. Bulletin of the National Grassland Research Institute. 20:
132-144 (in Japanese with English summary).

Oshio S., I. Tahata, H. Kobayashi and T. Ami. 1982. Studies on the method of adaptation to
grazing environment III. Influence of various feeds before grazing on the some
properties and movement of rumen fluid of grazing calves. Bulletin of the National
Grassland Research Institute. 24: 71-79 (in Japanese with English summary).

Otsuki K., S. Yamaki, Y. Watanabe and A. Ebata. 2004. Grazing application technology of
Japanese Black breeding cow in the cultivation abandonment paddy field. Bulletin of the
Fukushima Animal Husbandry Experiment Station. 12: 66-71 (in Japanese with English
title).

Ozutsumi K. and M. Okada. 1981. The effects of mountainous grazing on type and cross-sectional
area of muscle fiber in Holstein steers. The Japanese Journal of Zootechnical Science.
52: 741-748.

Park B.Y., S.H. Cho, Y.M. Yoo, J.H. Kim, J.M. Lee, S.K. Joung and Y.K. Kim. 2000. Effect of
intramuscular fat contents on the physicochemical properties of beef Longissimus dorsi
from Hanwoo. Journal of Animal Science and Technology. 42: 189-194.

Peter J.B., R.J. Barnard, V.R. Edgerton, C.A. Gilespie and K.E. Stempel. 1972. Metabolic
profiles of three fiber types of skeletal muscle in guinea-pigs and rabbits. Biochemistry
11: 2627-2633.

Pette D. and R.S. Staron. 1990. Cellular and molecular diversities of mammalian skeletal muscle
fibers. Reviews of Physiology, Biochemical Pharmacology. 116: 1-76.

Plagemann A., T. Harder, A. Rake, K. Melchior, W. Rohde and G. Doener. 1999a. Increased
number of galanin-neurons in the paraventricular hypothalamic nucleus of neonatally

overfed weanling rats. Brain Research. 818: 160-163.



Plagemann A., T. Harder, A. Rake, M. Voits, H. Fink, W. Rohde and G. Doener. 1999b. Perinatal
elebation of hypothalamic insulin, acquired malformation of hypothalamic galaninergic
neurons, syndorome X-like alterations in adulthood of neonatally overfed rats. Brain
Research. 836: 146-155.

Plagemann A., T. Harder, U. Janert, A. Rake, F. Rittel, W. Rohde and G. Doener. 1999c.
Malformations of hypothalamic nuclei in hyperinsulinemic offspring og rats with
gestational diabetes. Developmental Neuroscience. 21: 58-67.

Plegge S.D. 1987. Restricting intake of feedlot cattle. F. N. Owens, ed. Oklahoma Agric. Exp.
Sta. 121: 297-301.

Quigley J.D., T.A. Wolfe and T.H. Elsasser. 2006. Effects of additional milk replacer feeding on
calf health, growth, and selected blood metabolites in calves. Journal of Dairy Science.
89:207-216.

Rural Culture Association Japan. 2008. Nenban Nougyou Gijyutu. Chikusan: 241-254. Tokyo.
Japan (in Janese).

Sainz R.D. and E. Hasting. 2000. Simulation of the development of adipose tissue in beef cattle.
In: Modeling nutrient utilization in farm animals (eds. J. P. McNamara, J. France and D.
E. Beever). CABI International, New York. pp.175-182.

Sasaki Y., H. Hirooka and M. Tsuji. 2007. Systems analysis applied to animal husbandry. Journal
of the Japanese Agricultural Systems Society. 20: 125-137 (in Japanese with English
summary).

Sato S. 2005. Perspectives on the grazing system in Japan. Japanese Journal of Grassland
Science. 51: 27-31.

Savell J.W., H.R. Cross and G.C. Smith. 1986. Percentage ether extractable fat and moisture
content of beef longissimus muscle as related to USDA marbling score. Journal of
Animal Science. 51: 838.

Schoonmaker J.P., M.J. Cecava, D.B. Faulkner, F.L. Fluharty, H.N. Zerby and S.C. Loerch. 2003.
Effect of source of energy and rate of growth on performance, carcass characteristics,
ruminal fermentation, and serum glucose and insulin of early- weaned steers. Journal of
Animal Science. 81: 843-855.

Schoonmaker J.P., M.J. Cecava, F.L. Fluharty, H.N. Zerby and S.C. Loerch. 2004. Effect of
source and amount of energy and rate of growth in the growing phase on performance
and carcass characteristics of early- and normal-weaned steers. Journal of Animal
Science. 82: 273-282.

Schoonmaker J.P., S.C. Loerch, F.L. Fluharty, H.N. Zerby and T.B. Turner. 2002. Effect of age at
feedlot entry on performance and carcass characteristics of bulls and steers. Journal of
Animal Science. 80: 2247-2254.

Schwartz H.M. and F.M.C. Gilchrist. 1975. Microbial interactions with the diet and the host
animal. In: McDonald IW, Warner ACI (eds), Digestion and Metabolism in the
Ruminant, 165-179. The University of New England Publishing Unit, Armidale, N. S. W,

Australia



Shiba N., M. Matsuzaki and E. Tsuneishi. 2004. Effects of pre-slaughter nutritional condition on
intramuscular collagen, collagen solubility, pyridinoline cross-links and meat tenderness
in aged goats. Animal Science Journal. 75: 319-324.

Shibata M., K. Matsumoto, K. Aikawa, T. Muramoto, S. Fujimura and M. Kadowaki. 2006. Gene
expression of myostatin during development and regeneration of skeletal muscle in
Japanese Black Cattle. Journal of Animal Science. 84: 2983-2989.

Sithyphone K., M. Yabe , H. Horita , K. Hayashi, F. Tomiko, Y. Shiotsuka , T. Etoh, F. Ebara, O.
Samadmanivong, J. Wegner and T. Gotoh. 2010. Comparison of feeding systems: feed
cost, palatability and environmental impact among hay fattened beef, consistent
grass-only fed beef and conventional marbled beef in Wagyu (Japanese Black cattle).
Animal Science Journal. 82: 352-359.

Smith J.L., V.R. Edgerton, B. Betts and T.C. Collatos. 1977. EMG of slow and fast ankle
extensors of cat during posture, locomotion, and jumping. Journal of Neurophysiology.
40: 503-513.

Suzuki A. 1971a. Histochemical classification of individual skeletal muscle fibers in the sheep; I.
On M. semitendinosus, M. longissimus dorsi, M. psoas major, M. latissimus dorsi and M.
Gastrocnemius. The Japanese Journal of Zootechnical Science. 42: 39-54.

Suzuki A. 1971b. Histochemical classification of individual skeletal muscle fibers in sheep; II.
On M. serratus ventralis, M. supraspinatus, M. infraspinatus, M. semimembranosus and
M. triceps brachii. The Japanese Journal of Zootechnical Science. 42: 463-473.

Suzuki A. 1973. Histochemical observations of individual skeletal muscle fibers in starved sheep.
The Japanese Journal of Zootechnical Science. 44: 50-58.

Suzuki A. 1976. The pH stability of myofibrilar adenosine triphosphatase of five fiber types in
skeletal muscles of the sheep and cattle. The Japanese Journal of Zootechnical Science.
47:95-103.

Suzuki A. and H. Tamate. 1988. Distribution of myofiber type in the hip and thigh musculature of
sheep. The Anatomical Record. 221: 494-502.

Tanimoto Y., M. Senda and N. Koyama. 2004. Meat quality of Japanese Black multiparous cows
grazed on abandoned fields and evaluation of their meat by means of consumer survey
questions. Bulletin of the National Agricultural Research Center for West Region. 3:
1-14 (in Japanese with Japanese summary).

Tikofsky J.N., M.E. Van Amburgh and D.A. Ross. 2001. Effect of varying carbohydrate and fat
content of milk replacer on body composition of Holstein bull calves. Journal of Animal
Science. 79: 2260-2267.

Totland G.K. and H. Kryvi. 1991. Distribution patterns of muscle fibre types in major muscles of
the bull (Bos taurus). Anatomy and Embryology. 184: 441-450.

Tozer P.R. and A.J. Heinrichs. 2001. What affects the costs of raising replacement dairy heifers:
A multiples-componet analysis. Journal of Dairy Science. 84: 1836-1844.

Tsuji E. 1991. Nutritional physiology and clinical nourishment of EPA DHA. 79: 644-649.

Tsuneishi E., K. Nishimura and Y. Takimoto. 1988a Changes in fatty acid composition of depot



fat and muscle in steers fattened by concentrate feeding after grazing. The Japanese
Journal of Zootechnical Science. 60: 315-320 (in Japanese with English summary).

Tsuneishi E., Y. Nakanishi, K. Hirano, A. Shoji, M. Matsuzaki and N. Shiba. 2006. The contents
of functionality element and free amino acid of Musculus Semispinalis from grazing
cattle. The West Japan Journal of Animal Science. 49: 103-105 (in Japanese with English
summary).

Tsuneishi E., Y. Takimoto, K. Nishimura, A. Watanabe and H. Takeda. 1988b Fatty acid
composition of depot fat and muscle from grazing cattle. The Japanese Journal of
Zootechnical Science 59: 614-618 (in Japanese with English summary).

Ueda Y., A. Watanabe, M. Higuchi, H. Shingu, S. Kushibiki and M. Shinoda. 2007. Effects of
intramuscular fat deposition on the beef traits of Japanese Black steers (Wagyu). Animal
Science Journal. 78: 189-194.

Vanzant E.S. and R.C. Cochran. 1994. Performance and forage utilization by beef cattle receiving
increasing amounts of alfalfa hay as a supplement to low-quality, tallgrass-prairie
forage. Journal of Animal Science. 72: 1059-1067.

Velayudhan B.T., K.M. Daniels, D.P. Horrell, S.R. Hill, M.L. McGilliard, B.A. Corl, H. Jiang
and R.M. Akers. 2008. Developmental histology, segmental expression, and nutritional
regulation of somatotropic axis genes in small intestine of preweaned dairy heifers.
Journal of Dairy Science. 91: 3343-3352.

Vollestad N.K. 1987. Motor unit recruitment. In: Medicine and Sport Science. Vol. 26 (eds. P.
Marconnet and P.V. Komi), Karger, Basel, New York. pp.128-141.

Walmsley B., J.A. Hodgson and R.E. Burke. 1978. Forces produced by medial gastrocnemius and
soleus muscles during locomotion in freely moving cats. Journal of Neurophysiology.
41:1203-1216.

Watanabe T. 1993. Metabolism profile test of Fattening Cattle. The Volume of Production Brute
Medical System of Beef Cattle, 195-202. National livestock and production health
instruction association, Tokyo (in Japanese).

Waterland R.A. 2006. Epigenetic mechanisms and gastrointestinal development. The Journal of
Pediatrics. 149: S137-S142.

Waterland R.A. and C. Garza. 1999. Potential mechanisms of metabolic imprinting that lead to
chronic disease. The American Journal of Clinical Nutrition. 69: 179-197.

Weintraub H. 1993. The MyoD family and myogenesis: redundancy, networks, and thresholds.
Cell 75: 1241-1244.

Winters J.M. and SL-Y. Woo. 1990. Multiple Muscle Systems: Biomechanics and Movement
Organization. Springer-Verlag, New York, USA.

Wright W.E., D.A. Sassoon and V.K. Lin. 1989. Myogenin, a factor regulating myogenesis, has a
domain homologous to MyoD. Cell 56: 607-617.

Yamanaka S., E. Ueda and Y. Fujii. 2008. Multiple Effects of Zoning-by-Grazing in Reducing
Agricultural Damage by Wild Boars. Bulletin of Shiga Agricultural Research Center
Experiment Station. 47:51-60 (in Japanese with English title).



Yambayamba E.S., M.A. Price and G.R. Foxcroft. 1996. Hormonal status, metabolic changes, and
resting metabolic rate in beef heifers undergoing compensatory growth. Journal of
Animal Science. 74: 57-69.

Yang A., M.J. Brewster, M.C. Lanari and R.K. Tume. 2002. Effect of vitamin E supplementation
on alpha-tocopherol and beta-carotene concentrations in tissues from pasture and
grain-fed cattle. Meat Science. 60: 35-40.

Yelich J.V., R.P. Wettemann, H.G. Dolezal, K.S. Lusby, D.K. Bishop and L.J. Spicer. 1995.
Effects of growth rate on carcass composition and lipid partitioning at puberty and
growth hormone, insulin-like growth factor I, insulin, and metabolites before puberty in
beef heifers. Journal of Animal Science. 73: 2390-2405.

Zajac F.E. and J.S. Faden. 1985. Relationship among recruitment order, axonal conduction
velocity, and muscle-unit properties of type-identified motor units in cat plantaris
muscle. Journal of Neurophysiology. 53: 1303-1322.

Zembayashi M. 1990. Breed difference of individual muscle growth and their weight distribution
in fattening steers. The Japanese Journal of Zootechnical Science. 61: 308-314 (in

Japanese with English summary).



Studies on Nutritional Regulation of Constitution during an
Early Growth Period and Fattening by Grazing in
Abandoned Farmlands in Crossbred Wagyu Cattle

Summary

It is important to utilize the wild grass on abandoned farmlands as new feed resources for cattle. This
utilization is important for an improved food self-sufficiency ratio, environment conservation, and a shift to
resource circulation in the livestock industry. Alterations in foetal and early postnatal nutrition and endocrine
statuses that may result in developmental adaptations that permanently change the structure, physiology, and
metabolism in the adult lives of domestic species and humans (Levin, 2000) are observed by nutritional treatment
during not only the foetal, but also the neonatal early growth period. This phenomenon is referred to as “metabolic
imprinting” or “metabolic programming” and is based on medical research regarding “DOHaD.” In this study, an
experiment was designed to investigate the effects of the regulation of constitution during the early growth stage
and fattening by grazing on abandoned farmlands after nursing on growth performance (i.e., measuring the size of
the body frame and the plasma IGF-I concentration related to growth), mRNA expression of MRF genes,
morphology of myofibers, and characteristics of the lean meat of carcasses. Crossbred Wagyu steers (Japanese
Black male x Holstein female) were used in this study.

At first, the regulation of constitution was executed according to the following procedures. Crossbred Wagyu
steers were fed high-protein milk replacer (110% TDN/DM, 29% CP/DM and 19% CF/DM, maximum DMI 1.92
kg/d (intensified nursing)) during the nursing period, and were fed high-concentrate TMR (TDN 73 — 76%, CP 17
— 19%) during the rearing period. I compared these steers (group H) with those fed only roughage (group R) and
conventional grain feeds (group JS). The main findings are summarized as follows: (1) The intensified nursing
improved the synthesis of IGF-I in the liver and accelerated skeletal development by maintaining high levels of
plasma IGF-I and ALP concentrations, which were highly controlled by dietary CPI during the nursing period.
The plasma IGF-I concentrations were maintained at high levels during the first rearing period after weaning, and
high growth was observed. (2) The intensified nursing during the nursing period influenced the increases in BL,
HG and TW. The differences in these body frame measurements at weaning did not change, even when the steers
were fed a concentrate diet during the growth period. These results suggest that increases in the length and
thickness of the body trunk were affected by feed quality during nursing and the later growth period, which would
be the most important factor for producing high meat yields. (3) Intensified nursing increases myofiber length
rather than thickness, according to the increase in the size of the body frame during the nursing period. The

myofiber type composition and size in the LT muscle was not influenced by the nutritional condition and aging



during the nursing period. The expressions of MyoD and IGF-I receptors in the LT muscle decreased in the early
stage of the nursing period without the influence of the nutritional condition. During the rearing period, the
changes in the expressions of MRF4 and enlargement of type I and IIA myofibers in the LT muscle were
observed. This suggests these changes control the level of differentiation from the myoblast to the myocyte during
the early growth stage.

Second, the crossbred Wagyu steers processed by constitution control were fattened by grazing on abandoned
farmlands with wild grass such as Solidago altissima L. to investigate the effects of pasturing on such lands on
growth performance and myogenic regulation in skeletal muscle during the fattening stage. The nutritional
condition on the abandoned farmlands was quite severe in autumn and winter. The rumen juice and blood
properties in experimental steers were influenced by changes in wild grass intake, which was based on seasonal
factors. The main findings are summarized as follows: (1) The growth pattern of the length, height and thickness
of the body trunk suggests that energy intake from the roughage diet (of original ruminants) did not strongly affect
the length or height of the body trunk, and excessive energy intake from the concentrate diet developed the width
of the body trunk and expanded the bone to support the body trunk. (2) Myf5 and MRF4 expressions were
activated and MyoD expression was inhibited under the high nutritional condition, and these relationships
controlled myotube formation and maturation during the fattening period. In addition, when I consider the effect
of constitution control, the change in BW, high growth performances, and peculiar trends of MRFs expressions
acquired by constitution control were lost under the severe nutritional condition. The maintenance of rumen and
nutritional conditions at constant levels during the fattening period is important, and might activate MRFs
expression in crossbred Wagyu steers.

Finally, I investigated the effects of fattening on abandoned farmlands on carcass composition, myofiber type
composition of LT muscle, and characteristics of lean meat of steers in which their constitution was regulated
during the early growth period. There was no significant difference in carcass weight, total muscle or bone weight.
However, the BF (proximal part) and PM (fillet) weights to total muscle weights in the half carcass in
constitution-regulated steers (group H) were higher than those in steers fed only roughage (group R). The shear
stress of TP of the constitution-regulated group was significantly lower than that of the control. In addition, when
I consider the effect of pasturing on abandoned farmlands, the diameters of Types I and ITA were smaller in group
H than in the conventional group (group JS). The CP composition, contents of IMP, total and sweetness categories
of free amino acids, and a-tocopherol were significantly higher in groups H and R than in group JS. These results
suggest that soft, healthy beef can be produced by regulation of constitution during the early growth stage and by
pasturing on abandoned farmlands.

I believe that the production and marketing of beef of cattle fattened by grazing on abandoned farmlands may
become possible by the establishment of a system of stable supply with an original attestation. I executed this

study as one strategy for resolve problems in Japan’s beef production system in the face of increased abandoned



farmlands. My aim was to construct a production system for high-quality, lean, safe beef by the combination of
regulating constitution and fattening by pasturing on abandoned farmlands. Many aspects of this system remain to
be examined; however, the construction of a new, sustainable beef production system based on ruminants’
abilities of resource circulation in Japan is an urgent problem. I mainly investigated whether regulating
constitution during the early growing phase affects the growth performance and mRNA expression of MRFs of
skeletal muscle in crossbred Wagyu cattle and the practicality of fattening by pasturing on abandoned farmlands.
It is thought that manipulating the constitution of animals has various influences on tissues, organs and the
adipocyte differentiation factors of skeletal muscle. In future studies, I want to execute a more diversified

approach by investigating the merchantability of beef of cattle fattened by grazing on abandoned farmlands.
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