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ENBARBRHEEREGE X —IC X 2 WHEB MRS XL, Ak 24~25 4%
AP DREASEEE 1T, KA FR A MBI Tdo 2 OISR LK 9% L T2,
BEAN L7 ORI 25 & TR 25 U TEEFA ) TRt
DEPER] I Tz, £z, HEEHED 48.8%I1%, Tl AL REHDOR
FEEHELTWAHEY, MEERIIRFN T ICHERV A (43.8%) ZHEA] <
(W5 ORZ RIFRE (34.9%) A ] LTWA ERIZIN TV, ZOXIHICH
PEFRNT S 2B AR < . IHBEE OIFAHEIFBRED . REOWGIZH L3, &
B0 REIZ L0 RO Fnd oA IEm W 2o BEASEITARE A L0 I3EW
ZERDNoTND, ZOZENnE, BlEL, SERFIIER OHSTWE
EFHERGE P OOEFERGIN S, — T, SRR E RO EICEL T
WA BIRIZBWT Z OEFERGIN R LR E D0, BEFORDTND
BWLWEREIIT R O0, FROERFAR & B 5 2327 2 05 PR iR S
N5,

2, FHORKEICHELKIZTER

FRZIZLDETHEYOREMICITZ L OER BB > TW5, B(E
K (BB Ik 2ZRIT, MHE, KREE, REBRE, A, SICX @K
KF23 0 . i S DATOEAITRHMI CIRE SN D TERAREY ) < T
PHZSHEIRRE ) 72 SIT B2 KIET, ZNDOOEROHF T, BAHTFIZKRE R
% RIE LT DA RNENI 2 MESLYE Beef Marbling Standard (BMS) DV VA & Ak
PEOBMRIZ T STV D S IEE 270,

Fro. LHEBROBERIT, BRROBMEECHTHERMEENH D5, AT AR
TEEHEOHE Y F\ -, MTF X ONIEGHEL L/ NEIELFEE TORD BT 5
LOTHDH, ARKIZIE, BRESCRELZ 2 he—LE8T, Kb D WIEEZED
LU CTHEMRTTET D wet aging &, WE, HE, #RA —E L L THRIRTT
% dry aging WD, S HIZ, ITHETIE dry aging IZ XA EHRELL MO £
BRI HE L 72 o TE TV D, ZNHE OERN, BKREICKEL 525
ZliFE<menTng

Z 2T, WIZAR OB 2 B RedHlid 2 BR O & RFHE O B 218 E 512
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BV X OHEINF TH L BKRKFIZONT, WEMKRT (B b5
A7 Bk - FOBIOEK) (250 TEBIZHHAT 5,

(1) YHENET—RRK

BROREWMEZ TN 2EEOMEMKF L LT, AFRORE (77 A F v —)
ELTONE, MK, A CTHTL % dripping & L TOZHMERHIT Hi
Do ETH LITBAONTZSIZONTE, BN OKR L E L OFRBRER D D,
HFROFHAZ 7B, RES DT THONEIICRWIEEL 52527
— U 2T AT U R EORAREE X NI ETEAZ NI ED IV
T FAREIN DR S LT FOMm T a e e EORES L%
BT NG, D) BEDFHRO N SIS N IEICAEET D 5
Bk DO PEEE (meat stroma) & fFH#t#ETIZ & 2 HUEHME (myofibril) O
BIOREBIZE - TRED, SHICBRNELTOIZADL LTI, AT L DB
FOME (FREWE) CMmEy GRE) ICX20UH b EENH Y . Z OREMEIC
DNTIEE L DIFFEHRERH D,

BRTDOEOFHFAOREBIZIARICE > THHEL< 2D, ZhiEad—7r o
BOEINT 20 TIERLS, a =7 o FRZAERHENT 5 2 LIc kv 7
5P ZERbhoTND, HATIE, FHRZRDLL T DO

ENTEEDN GRRIC L DHILERICOWTIIER) . BB I OAmORR S
T RNICE 2 &R 528 (EBICEVERYAEZIED) b hEED
TE7, AAROBEMFEAFIMHNAEEGENE P A NTRIAEEH
O AN T 54 LA 2 (C18:1) 4 PpET % Bovine fatty acid
synthase (FASN) 35 MW EARAIIZ U @ 728 Monounsaturated fatty acid (MUFA)
BEROBEWVIETORWVIEN 2>, F7- stearoyl-CoA desaturase (SCD) [Zfd
FRERsEE D 277 U VR (C18:0), 7SV FUEE(C16:0) 25 1 fliRARFIAEAAER
DA LA U (C18:1), 7SI MA LA UEE(CL6:1) BT DEEENR AL A X
AFED 4. 1%, F1 M) L0 b 3SEABICEVY ZEbmbnTnd,
BIE B ARIZBT 2 BEMEO T CHIPVEEFomfE (B, 3% 1%, SCD #ix
T OB OFERES (4, BE. b, HBR) ObOIZhigL T£<, #
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NEBIGEFEH -S> TOWAZERDN->TWVS, ZOFEERY NARKDFERADRLD
OIS, ZHMEICEDLL Z BB XN L0, EOREONGENEY Th
L NI S TR,

DXz, HOMEMKTFCHLEE (77 A2AF v—) 1. AEKOHE
KTHLHAL 7 EORIG . A, IENIZHMEE &% RIER T o 5 AME
DER BB VEEE KT LA > TWD,

(2) (EZERHRF—%K - &Y - AR

BWEBWIMT 2L ZNR & LTE, BREFVRDHDH, BEOIRIC
BI9 2Ry & LT, Bl L0 N3 2 e 5-IMP (1 v o) &
FERET X VBT F RRbIT oD, ZRH0H TR, SEWRNETH LA
I URETNE I VBEEDNT CAFEETH DL, TV I U (GLu) PO
TIBTIET 7= Ala) BEL, RRHHERDBH D OBFUTH D,

RIVAL A RO OT X 7 B, IRy D20 Nishimura 512 X
D 1988 AR BT EN TV D Y, Bl ICilElET < AT 5 Z L1z
\WC, Nishimura S 3F5AFICIFEET S aminopeptidase C, Z® 3 fFD/EM %
2925 H ZHBERE VY L, ZOBFEHOLNILTWDS, MT I/ XTFH
—BEZFRRFIEHSEL L EZNENHEMOER LD 51T IV BEIFHEK
L, ZNoD07I /B 7ro=r, IV, 7y, 8 v, ALF=r
oAy, Ny, Tz M (Ala, Lys, Gly, Ser, Thr, leu, Val, Glu)
ETNVF = (Arg) THo7-, E£7-. aminopeptidase PIIN KDl
(Pro) Z T 5728, Z OIERIIMOERET X / BOMWINZ b 552 2 &35
LBNTWD, =, REETDHIZEINFEPRESEZDOEETIEHEREZE LR
NRTF RIZOWTIL, BBRAZIEH L, B2 AT L LR LMNIR-
TWa W LhL, IRIHZ OO B EENHRBAEZEEICAE L L & DK
CHIZIFZENOD @ EMEICRREICEAG 5 2 ENE X O, RIEAHR AN
EARS

FHVIZOWTIE, B W2 DICANDENIEZRNLIRSZ L TRELND
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7 (orthonasal aroma) & HICEHTeZ & THEMNGL EIZIRIT TR U LD H
75 (retronasal aroma) d 5,

BROEFVITITEMER EMAEZNH Y . AEFEXITIL, ARATORS R,
MR, KRR & k% O ifb 7K 3%, methylmercaptan, ethylmercaptan,
acetaldehyde, aceton, 2-butanone, methanol, ethanol, ammonia 72 E23&% 5,

ML 1993 FEORRFL T, FHEALE (conditioned raw beef aroma) |3 /L
7 BRI HOWER E S, FRUTIIMMAE & iz B e AR AR 23 24 2 Tl
PGS D Brocothrix thermosphacta 12K A D7 ER_TWA W LavL,

AT R DOF D TR <AFR THRAMICE VAL DIEFY Thol,
E 512, 2001 4F Matsuishi & "IXREBRFRICBIT 2 H B IE3WE Y OFFE
B BT L, y-nonalactone (= =Yk, HEEROFED) 12X D LMELT
W5, LorL, BEMEOHFOFY ORIEIZENROFEEICEL > TH 2 kL,
HIETEOMELHEM SN TE WS 19, —J, MAFEKICITRAMEIC X 5
WA —THRETLEMBUC L 28— NEXNH Y . ZhL L-Cysteine &HEIC
XDA =T —=FIBIZEDHFIEXLWED (2,6 Dimethylpyrazine %) & L T
Okumura & Wiz ko THESN TV D

2,6-Dimethylpyrazine IZZ < fH5HE & L CTHEADS I XV #HE SN, B
LEZHGTHHERANO—DOTHD I ERfMERIN, —F, EES 2, B
EMHRAOEFVICONT, BiiEEREERIEY (thiazole) PN &3
D E, BAREM, "AAX AL TUoAAFEEDENTHDLZ EE2HREL
7o ETEREMEOH THLEMIC L 2B WVIIEERKOILAEDOEIZLDZ L
LG L TND, ZDRA—T — REUSTREITE E 45 KEMEDBEHTEIRS
X3, DEVIEITLHE TH D glucose, BEFEHIRD ribose 72 & LlFHET X /2,
oligopeptide & DMBAHAIIL E B 2 HALDH N, HAGH TOMBARKWIC
pyrazine BDEWMMN LN P Z Linb b, ED XD RIEHEEIC L > TELT 5D
DR EOIFITETEARTH 5,

b, BREFD - ARIZEAOBRIEIZRWVICEE L TWD A, fiE O A
ER 2 BIERIA SIS n-o205 Y | TOEMS D ZITHANY/H I T D



3, FRDRER L BKME

FRIE, EE®RTIC24 CT2-3 BREAKT 2 Z LI vifb L, EEERN
HRINDZEIFTEFRAONDEZATHD,

INETODLRETOFRORMTIL, EIT wet aging BEHINTET,
LEH, 2~ACORRRIET, WBED 3> ho—/L T &N T, 2 BERE ORAE
WENTE Tz, Eio, WP LA SN D FRIFEZE O S, (KR Tl -
RIFSNTWD, Lo, Fili, ©AETIX, dry aging 23EH STV 5, dry
aging 1%, ok, KEICBWTHRERNORGMEE GO D7D, RELREEZ 2
fo—L L, ERLENORFEL, BT 55 ETHDL, BARTYH, BEMF
X, IRRMER @ Te D RIFER R <L 1~2 A RlTE T 2 RIS 72 X
NTWLHLD0LH5, 2k, 1HO dry aging TH D, UL TiE, BEx 7 filE
DODWZE, WEEREZa fe— L, EE L CEMITERT 5 dry aging 3%
<WiiET 2 L oI o TN 5D,

BRI Z DAL DWW TIEZ S OREDRH Y, WV T LG, TaTT
—BEI N IMP @3 2E STV 5, 2405 OFEIC DWW TE T 5 & (1975
FEIN D TT HEIZHT T Locker B 0%, BloR 0 MERIEIC LY, FEHEE) D
FRFEIZF5 1T D AR HEDIRBE 2 Ca® IC K ATEMEILIC L D ZIB L O T HoZF H I
Z< OHENRHRTEY , ZAOBHROHEENE T A=A LTHLZ L%
B 522 Lz, 1979 4E121% Hattori & Takahashi *Y288ARE SN Ca®'
B EF U2 Masa ks 5 2 L 2 il O K & 3 L OERIKENC & 55+ &l
EICE VST LTz, £ LT, Nishimura 5 2 [ ZAFPIPIRE SR 2Y 14 H LU
Do VIKILTHZ LAWMELTWND, ZHUL Ca™IREN EH- L, Ca¥ Y VR
BERMEME L LT A LIk U UIEEONSIIE S R L. Z B & e
T2 DITHiFHbT D & WV I L OBF A 520 L7z, S HIZ a —connectin
(FE2807) NCa AT HZ Lk, KS5FED B -connectin (53
®21005) VT 7T 7 A MIBEUBMENK T T 5 (Tanabe 1994*) Z &
b S,

F 72, Koohmaraie © (1988a*"b™) IL# A+ D#K{LIL protease ® m-calpain &
p—calpain {EMEN 14 H TH F505%7F L calpain 3% VN7 E & 3R Liktit % Z
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&, 2006 4 1% p —calpain AHALIZE D> TN D Z & H#E L7z, calpain
(X H RN ZE5E pH &2 FFo 73, Ca* Il L W IEM b SdL, A Y v R Ba R L 7
FROMEFIE., myosin—actin M OFHAAEH OHEFI LA N connectin DBAZLZ 5|
TR LIMRICTET D, S HICERME protease T 2 cathepsin (213 B, D, H,
L23®H Y B lXmyosin ®43fiE. D X myosin, tropomyosin, troponin, e —actinin,
connectin Z43fif (Zeece™) . L% Z MO RREE . flFRRHED /N LICEHE L T\ b
(Matsukura & " Mikami 5 *?), & HICBR DS E D27~ EOBFIE Yu & Lee
75 1986 4EIZ pH PIELE L IO MM = EDAFZEZ G P LT\ 5D, & BITITE,
Okitani & * | Nakamura 5 *°9)%, #pkdic42 U % IMP 28 actomyosin ODfi#
HEIZB > THBY . MIEDOA D =X LIZHb>TND EELTND, 2D XD
12, ZHE TIZHARRIZC X 28 LHEHEIL 3 DM BB SN TV A0, TNEho%
HEIWZBE L TiX, RIEAHATH S,

AP D AR B R BT D EHE T, BESE Ny 7 LI RR
DAL (wet aging) IZOWVWTROLNIIZET 2 HEITN 202H 5, (Smith
5 0, Jones & °¥, Brewer & Novakofski *). Bk L7=25. I D wet aging
Tl & BB OIEIEEIL calpain, cathepsin B, D, and L OEMIC X - Tk
ENb (Okitani & ) & HUME Ca* (Hattori & Takahashi )12 X v #k{k
END, BBRICOWTIE Nishimura 5 2 21IRL A A L 2ER O RS O
TR EH 4 ENS 12 BT THINT 22 L 2MEL WD, 25D
ZAbiE Bk @ aminopeptidase C & H OEHICK VW BIEZ &ND Z 0D
Do TG 10712 1992 £ Shimada B IR/ AL A VIREEONTZ SN 14
HOTHRELEZ EEZHELTWD, Lo LAARKHIEBEY X 2 BREINT 5
ZEL MEEIBWEIND Z EITMONTNDH, EEOREKIZ OV TITAY]
ToHh D,

wet F721% dry aging 2B 2 BRI OV TOHREIL, Cambell & 4%
2001 FIZ REW% dry aging T16 H & 21 BRI EZbOIE, Hex, A
BROBS, ZHMETHR2VBICHO LD X BVMER S LI Z &2 #HE LT
W5, ELIZHRERDORD B & wet aging T 28 HTH-7-Z & (Dixon b
M oHELH D,

Nishimura 5 P ZFFRINFESHERIZE ZE 28 H TR VD LIZZ & 2HE
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LTW5b, BIES 1% 1995 4EITHRIL A Z A RO HINE L AKRIZOUN
THK 32-56 AR CHBE SNENE HICZRU EOBER TIHE T Lz Lk L
TW5,

DX DIZFHERY A ORRMIMICET Rl IIER A TH Y, B2
HARIZEA S 20272 > Ty,

4, FHOIEEE L BWHE

HEMFORIL, o MFEORIZLE T, fANORGE BRI 238 —IZ

B LT NRIAZRHEN AN D 0 <, BBIEORWE SO 15 ThHDE, HAMAOR
ABIZ LY BENTZEROFRIZHT 24013 T, 2 < OETIIRE R &
< #fli & U5 (Richardson™, Grunert®™, Verbeke & Viaene®, Holm, L. &
Mohl®®, Lea & Worsley™, Killinger™) @ iZxF L. B A TIENE N5 Mt
(marbling beef) MEFMICHE SFHMIIINTWAD, DOAREICEIT 5 EE4D
OB EIH LML, X 0BHEOE WS DIZT 5 Z ik, TPPIZ XV 227
PRV A-TETH, HERICEELH X T, WIS ~OH % fEEICT 5
ZENTEDLLEZROND, BNIZMEFORBITAIE L0 b0, Db
MIRERE, VB - 2 &, RER D FH (MEAKTIIBLISNRWERS L
MAFOBE ™) CTAMEERTFIXLNED D00 & FRERIZROEN RV
WRETH D, KETIEH, TORNVIORNE~DEEIZ DN TR S,

(1) JEiaE&BRICRIETRE

FERG MR ORIZES B % AT T ATREME & LTI, IR S SIRZ DL D%
T D2 & ARG O EWE BT D RHMEAINT 52 L. S HIZ, WMEND
O THEAEREDRNEZZ BiILD,

D FEMAZREL D & AR, HMARITREEE 2 Y0 S 5 72 T O R
I L 5 EBROFBINZIET AIEEMENE 2 6D, Tk Fd ORI R Y
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EEETDHHNTHEBKRD D) FHhE, BHOMEE, mEFICL-> TSRS
N5ED, AEZFRRICERESETCEREZED DL EZ2 NS, 5 EHRMEIT
FREHE TR, BROFTHEY DT I /R EOEFF LAKNZRKE L
TN, LEZEoRRETa 77 A0 L, 2L, BERK, A00
KRB, Bt R 52D LML TWD P, ERMIEDLZ R EBITIIRA
R BHEVHELODLEDOTHRWVD, 720 L NRBREARMICZ < RIEN D
Rtz 52, S FEHREFE D LWIRE R,

INGZEHRETHE, WEORNILD FREDO LD EZ D 5 & RIFFICAEN D
(2] RBROOENIRE, IFWRIPTFFEZE L, 612, RIDRTH
D ERIFFIZ ) FHAZRO D EEZEZONDLN, ZTOEEFH LN TR,

(2) FYOHIEREE LTOBE

BEMFWICBIT 2 H L IE2IEWE Y OFFFEIX, Matsuishi 5 2k b 2001
12 y —nonalactone (YR, HERDFHF D) THLH Z LA LN I NI,
L, BEMEOFHOFY OREIFEHBOEEIZ L > THE L, BT
EOBE LIRS N TETCWD 90, 77 M ALAMORIBMRDfRIAIL, K72
REINTNVR,

— 75, MAERIITBEINMBIC LD AA—THREGAEMBIC L 5 —R |
FEZNH Y, ZhL L-Cysteine EHEIZ LD A —TF — REIGIC L D FIZLWVED
(2, 6-Dimethylpyrazine %) & LT Okumura & """k o> THE SN TSR,
ZTNODOFVIINEHBBNET HZ EICLVZHBEL, 2L MHEWEE SN
TW5 #,

— 05, PERES i, BEREBAOFEVIZONWT, EEGERER LAY
(thiazole) MEWZ EWNMOETEFFE, A AREAFE, RAVAX A FH, TV
TAFEEL DFEWTHDHZ EZ2WE LT, I HIT, $#NICE DEWITIRE R kD
{BEMDETHLZ LW LIRS TR, BEMBMEEDO G AZHE XM
HINZAA T — FEOSICEG LIFE LWE—T7DFVICHFGE L TWnDH B2 6N
%, FEEE HIEAEESEMT 5 LIESIETWED & HWE Y B38INT 2 & @wiE
EhTnn®,
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ZOHFELVWEDIRE—T7OFVITFRNOEER S FHWEAHMT 52 & 1%
EiL ) BHABEDRICE ST, FYBROBS 2T 52 L0, IWARED
DAFTEDN 5 FRDORARZ BN S D Z I LV RENTWD, Fkk
T, WEOHANER P BIERA LS 22oH 508, FRICB W TR
ET2HZEICEVHKEOEIT 2] ZEITNE I NIELIHEH I TV
W,

(3) JEWEENT 7 AF ¥ —ICRITTEE

FI D0 6 E OFHEIL, AR X 512, JENIZHE Marbling) (2 X% & 2
AINKRE, SN T D Marbling HFFETIE. 1959 4£, Blumer & O35
(X 15%LLF T o 72y G2 HED & % 1T tenderness  juiciness flavor
D HH flavor (BN L LN L HE L TWD, ZOHOMIETIL, Blumer 5
IX 1959 4F & 1962 DL V& £ &, 1963 FRITHRE T, TR HEA DRk
FPEIZOWTIR R TV D, 1 5 OREI R MER G4 1%, HAEN & & 0. 87-14. 82%
THHN, TOMBIRMOFEZ, Lo LNE - A - ZHEICES L- &
HEhi,

VT OWEI DO RE I ZSHEFZEIE . IEE B & SR O EEARHE & o B T
A, May & % 1%, BUIEE 4 CHIBILE L 0 BB HESAR A 21 PECJE B D
B EAHBEAE D o T2 E A LT D, Shackelford & b [AIERIC, EHEIGE T
1372 < JEMIZRHESE RSP b S LMW Z R o T LA LT\ D, £72,
RERIFE THSTKREIZBWNT S, it TN ZHEF 2 R4 i oo
bhoZ bW ShTng (Platter 5 9, Killinger & ), UL, L
HONRNAE B3 B AROIRIAZHEE & X2 72 5720 F SV (8.8-10%), &
51T, fiTid Marbling 2326\ 4P (USDA Prime) 234 CHEE STV DA H
RIZBT D EHEALFRE (10~20%) ThHhodH, HAROBEMFOBIEFEHN
7 Wagyu HEIR SN TE TINDD, HARD 50% %2 2HIENEZEO b DI
72 BARORENME AL Ob L) SFHEIN OBREZ H 2O ONRBURTH 5,

—J5, BIEOBATIX, BABMNHEC XD REKMAIT TH D A5 SEko4A
OHREN & REIL 0% 2 B2 T\ D, LB B AHESE K (BMS &5, 1~12) 1X
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HEZOFFRVAABERE DD VWE ST, BIRMEDO SN DIFEERD &
I SR B\EANRH 0 UMD O /N ¥ Cameron & ¢, HES ™, Ueda
5 W) EEF OIS HERITEMO —i& &= > TWnWa, LavL, A LIE%E
TE DML T LS WEEFTLEATHARWETES ™, ha ™) LHEL
TW5, EE A LA —iE &S Thmtg T 65k THlRESNT
WFIE D — o CE OB S I 69% ThH Y . —MIEEE T X D ERERT
HTIEHESNTHFEN T -2 5 ™),

A, ZUNRTEMERMEZZLINTOWAERPBEEICEENTH S Z &1,
EMmEERT 2700 FEEL2BME L TEE LV EITWAT, EOREDIGH
GENLEE LVONIEERIETHD LWV 2D,

5, RDMET L L Bk

FRIF—HEREMALTRT D, TOMBAFER, FROBNLIZEH
IZBlE LT ND,

FRRRHMED BN X B LI DWW TIE, Locker & #1%, 60°CH 5 100°CDORE D
IMBTHIFEMMEEL 27 =7 N EMT L EHmEL TS, £/, 60CTORRF
BB 5% T0°C TORRERIMEATIX, FEMHHRHED L 7e 072 D3
FeoTWBM, T0°CTOERRER LT 80°CLLEDIIETII AR FURRAE DA M &
D, WPREETLHZEZHOMNTI L, L L, ZOINBIRE & CHs L 7ok
DFEROBRRMEIZBE L TiX, RERP 2B L0,

BEMFTIARCBO TR BIFENDFATHS (FHS ™, Koizumi 5 ™)
L, LTI, BEEMREED . REWOZ KRNV R T A FEO R % 4T
AR ZTETWD mEs ™),

WEDOEENAENIT—a v /8T, WIZBIT 5% < OFFEFENEINT
Wb, REWEHFALTERTNDZ END, HMOBWFARTL, Thiaeeb
LB L TR FIERE S, EERENTWD, MBI 2 4HHH
HLFVRIZBE 9 D22 Cl, Schock & ™ (Iva—AW (I semimembranosus) % 45
F5H, B—RA b, A—T R TELIFESLIES 20T TELMBEEIT - 1208,
WTHOFBLIETH, ROLNS, HY., eI & IR o7 L

14



AL TW5, Batcher & Deary™ | Morgan B ™ 13 m—2 FRELC X 54K
28 broil F7oid grill FAEO LD LV &, LOOLNE DR THENT & #HE L
TW5b, Morgan HiE, R ORI WX, MERIZAT a7 —7 00
AR E KRB BEDOEINZ L Vb 60 I BT L HmiE L T 5,

Goodson 5 *V1% 2002 4E(ZfT 7= [ AT —F BT BB HEFHRA] (2B
T. WD flavor Mg b RUIREREMHMETH D Z & 2HE L,

Adhikari 5 *Vi%, BERKAHERIC X 2 2FA D medium-rare JREEN B — R FHE D
R EAHD LD B, juicy 2D flavor WEWZ Eh, BERKTHEES LV
YR AETH D EFHEL TV 5,

FHIRE NG & OREMEICHONT S, WS ODOHENH 5, Lorenzen & %
IZ. 2005 T, BEIPEDO B W E—T7 A7 —F 2B L 72, AL O R AKEE
IREEIL 55-82 CTHDH LHME L TWD, DL DIl O TEIZET 5 #H
TIEZ 2 HDN. ZOMA LTI, RAEMBURE ., @BONEED £ D
FHERREE 720 & SRR E N EMET X T RS D S O TIEAR Y,

Flo. T LWIHENEICET A0 L LT, IRIER R (LTLT) (22
WTORIZENRZ L 22 &L TV 5 (Laakkonen 5 ®, Vaudagna & *, Obuz & *, Ko
5% Gunving 5 %), ZHHD LILT IZOWTOMEIZREZLH 52 < LTHE
Wizamos ZEIClT260THY, BIEREMRIZBWTH ISHEHIRT
W5, fEfEMEEZBER L BT ETIX Fulton & Davis®, Joseph &
Joycelyn™ [FBEFL vVl ar Xy g —7 0 TilHFE LA &2 il L,

F L VMO, LD %< D collagen WAL 2D THEL 72 B 720 &3
HLTWD,

LEXED | ARZMBGHE L7256, KbbhhS, 29, BIRABL L S

(CREREEBELH 2520805, LL, FRERICEIT 2501384 72 A
MHRENTETEND DD, [FA—EALE AW TR ICTHEL T L 21T > T
e, T L, SRR ONEY) FIESTOBFE R SN TS
EITEZRVIRILTH D,

TNEGHER U 7= 2R A O B MM 2 BHECHIE T 2 FHEICOW T ORI, B
FEAM & BEERIE S 8 2 05, BEERTE B LTl RIZITEBIA 70 B EME 2 51
TEDHETITNEE > TWARWVIRILTH 5,
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Z 2T, A CIIEWEL BN ORBIRNHNT 2 5L LT, B hO
S5k (R, BHE, MR, WRRE. MR - (RAMER) SR> TEDETHMT 5 2
EBIOZORE (BfEHMEiL7 %2~ : BATEGEIHMISSR ) THhIER
il & VD FHEE WD Z I LT, BREAHMIET A U I Tid 1940~50 4RI
TN KBERROZEMEICET 2 7 L — =i O EEENEH SN
T EITHEE VK L AATIE 1950 RIS A AR A HAE R O FEa TLELY:,
B BEHEE PO ST OEREEEROFGARIC IV ME O IERNOE
R & L CIRE o T FIETH D, BIETIL, EFEEREHME international
organization for standardization(ISO) & D¥EEAEMLMFISN>OH 5, BEE
PO FE L, SO SERMEZHET S, HIESRE L ik S, ik E T
FTOHOFHETIED Z & 2 ST, ZOHRIIIOWRVE GEFTl & vg i BB RERT
i3 d 525, Aaaw Tk, 2SR/ OHRr DM ME A O REE & HEBR L 72 Z 8L 417
5. ONRIE R AR LT-, & SIS OO AIERERHN & = & DIEA I
BRI B U 7o B E M O ALAE R A a2 2 L2 L 0 | R AR
PEDOKEENITZ T EHE X 5,

FHE1  FROERERHbE R

6, HFEDHB
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RN, Fnde, M. ARV R Z A CRRHSRD § OSSN B Ol A
BHY ., TNENOREIZITFEDNH D Z LB oo TWnWD, £z, Znb%
FE LR OBV LS ZRET AR T L LT, Bk, Y, L0 E0Va—
VSR EORENEETHDL I ENRDNSTWVD, L2rL, ZILH DT,
FROMEGE, IBIE &, ARGHEEICL s TEDLL Z ENR L AMBA TN
%5, HEZ, BHARTIE, BEMEOFRITHT AEHENEWICHED ST, £
DRI L RETHERICEH LT, a2 BaiThnclinol, &
D EE, AHOBANBRELTWD TPP IZxf LT, i @725 i TE 720 a]
REMENR B D

ZZ T, AT, bAEOFRICEMIMEEEZ ST 5 2 L2 RKARE
L. FHOIEMERLE RTA4A V 71 X 2 RHBE SRR IE T2
A EREREM & B AORIEN LA SN L, SHERAEM EERSL 2 L&
B & L7,

51 B TIE, MEGREGIEICHE B L, BT IEDR R OB RIEIC RT3 52
ERat Lz, TORER, 7V A ONC e — R F BN OF ORI A £ 5
TEDHZEDHBA LT,

2 ETIX, BEMFALIY LT, ZOIENE &N RO RBKRMEICKIET
WEZ R LTz, T ORER, HIEN & &2 36% DR M i b ELHER mW 2
LD TH BN LT,

HI3ETIE, RIA AP 7LD 60 AMOEMAREIT - ZBEMFA
AV B BRI M T ROB 2 A LT, T ORI, 40 H R D 2RI
N CThHhHZ 2N LT,

LIS, AW TORCRZFEANIC IR~ 5,

BIE MBAGEPFROBRMEICRITT R
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1, BHEY

BEMFIARANCKEFENTVWHLRRNTHS (HH ™, Koizumi™), —
Ji RV A LA v DR RIE EER O A2 IZ NK EF LTS (BHE ™),

CHRHORIE, AETIHAEET, FEALEOES, INEGHE L TG A
SETrn, B, Z< OMEANZIIRBGRN O BN OBV L S X
BICEDEBERRENVWEESTWD, i CrLicL T, FROMBITIEIC
BT M TIEZNE TV DD EDPHLNIINTE 2, 6 0#E
EELODL L FRZIMBGHEL L HE, Sbona, ik, JAkA BV L
SICREREEEEZ2DLLEEZOND, o, BT HHF7EIE, BRx e f
ERLRENTETUIND bOD, [FA—H0 &2 AW CRIFFHZHB G EZ1T > T
WRWED . LS ERARFRER (INEY) HIERE OB AR ST
HEFEZRVRNTH S,

ZF T, ARBIEOE 1 ETIE, AEOBW LS 25 & H NG ko K
Wz L bz, FRNBGREOSRMZH ST 570, WEHEICHW 2 MHE 6
FHHZO DY 7Ta—2& e, INEGHE VAT ER 20 715 & LTl
T, HATHLRELSEHSNIBEMRFELZ Y bu—L Lt L, BHRGHE, &KL
BEZFHEE, FZERIEREL, B LU b fiE L, 22, WEL e
D D&M T, WNERIRE & 5 e 2 R0 B E NI & 7 BN A
(ZHEE T HATD 60°CE L TIEGRER 21T 57, T OFREEHEHZ DWW TERR
A 2T 9 EFRFS, A —3UR 2 I RIEFRFICHEERAIE 21T 5 2 LI X 0 ABRIC
B E 52 DAL IEIC L D INEVE SR O KR & R (L L. BT IR 41
ORI KIFTREZMRNT AL EZHNE LT, EREIToT,

2, Jitk
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(D FRARS

FRFREHI I RICATELS DATZLEREL TS EBEXLNHIENE &

(#9 10% NN OILHFERE 19 » A OHRNV A X A4 o RBESTHE LTz, L&tk
0 C T14 HREEGR LA e — AR R (the Longissimus thoracis)
DB L% 25 cm, 5 kg AL, 4RI, HELWEHER TS 71y 7IZH0 45
F s OB AFERICT v ¥ ~A AL THEH LT, (Fig. 1)

------
‘‘‘‘‘‘

After cooking, the center

portion (34X lemX 2 or 3
pieces)of the inner part of

7\ sliced meat was taken and

After randomized, a piece of
sliced meat after
trimming(500g:10 X 16 X 4 ¢m)
was cooked by

RO,PO,VPLT,MW methods. analyzed.
RO
>
> PO
500g — VLT
— W

Fig.1 Preparation of experimental samples for cooking and analyses from

block meat

(2  InRFHEOIT L
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PR GEE L TT AU A TIHH I TS American meat cookbook
(Aidells,B &Kelly,D., 1998"), 7O HERIE grilling (BUF GR LW9) (hot
plate; Zojirushi, Japan) . @—A + (ZKLBEXTE) oven roasting (UL T RO)
(Electrolux Convection Ovens AR 170S, Sweden. Plate size 300 W X500 D (mm)),
H B\1E poaching (LLF PO) (4,700 kcal/h), EZE{KIRFHIE vacuum—packed
low—temperature cooking(LLF VPLT) ., FE+ L > P HIZEN microwaving (LA T
MW) (Harman combination range, DR50SE GMO-S 1300, 1350 W, 50-60 Hz, 415 W
X365 DX 265 H (mm), Japan)® 5 ff& L7z, PIEBHVLEEL I 60°CITEE L 72iFA
INEGET & LTe, (Fig. 2).

VPLT

Core temperature(°C)

0 600 1200 1800 2400 3000 3600 4200 4800

Cooking time(s)

Fig. 2 Relationship between internal core temperatures
and cooking time by cooking methods

The value of MW cooking plotted the average value of three points.
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w &~ 9] o] ~ co
T
w &~ 9] o] ~ co

........ Aceeeenk

........ A, i
:**".""""".‘"-I-""" )

Breaking stress{ X 10°N/m?),
]

Breaking energy(( %X 10%J/m3)
Tenderness(1:hard,8:soft)

=
=

60 62.5 65 67.5 70 72.5 75

Core temperature (°C)

= 4= =Breaking stress  «««4 . Breaking energy =~ ——4==Tenderness

Fig. 3 Relationship between tenderness and breaking properties

at different core temperatures of grilled beef

T RTOMBGHBIE BN T, INEABHAAIF O FEE ORI 10 CL LT,
INOOHRMT, PiT A MZBNT, 2747 AL 7 (medium-rare) 7226 3
F 4T LU T)F L (medium well-done ; 60-75 °C) DhEE BAEHL Z &0
T&E, TNOIXEREME S IV TR LSO LN, miHliAEbh
2t UFOERTHWLN, (Fig. 3).

Z 2T, BB LS LT HLEE A 60 CE L, IEEEEH (ANRITSU COMPACT
THERMOLOGGER AM-8010K TYPE K, @ 1.0 mm) % FH\WTHIET L7, BepkiE  (GR)
TiX, 200 CHAy FFL— bk ETRMAZ 15, KLU TEMZ 15 30 FINEL 72
(NEBFHDEE 60 °C), ZRLEBEXIE (RO) Tik, WEFHNEEEA 60 CloiET
5 FE T BVEXHEEG &2 LiAd&, MV L7- (30£5 43 : 180 CA—7Y), &
ik (PO) TiX | 100 C OPpkEAKFTT( 1.5L, @180 mm 7 T8 ) £ 18 43fl
(NEBHHCIEEE 60 C)MMEAL 72, EZZRIRFHE (VPLT) Tld, EZ24LP1% CUTE
PACK (Vacuum pack FCB-CR 27; Fuji Impulse, Japan) 60 CD Y #—H —/ 3R
(Advantec LD-220, Japan) HC6REIMEAL-, Z DML Ishii & % o

21



BIZHADNWTW D, B L UMY (MW) Tid, 600W T k L— EICAZ D+,
Ty LT 5 o, BIKL T, S5 5B L7z, 500g (£9.14¢) Dk
EF% RO, PO, VPLT & MW(10X16X4 cm) IZHW =, F/za> br— 2 LT lcm
JEEORERkE (GR) &g Uiz, Z OFEBRTIIERIES MO 4 SOFHESE L
R oTWDHNR, ZOHEX BEOHARTHERb A 27— RBEAGETH
50T, XE L TMA Tz, MBGHERE, S 5ICWER, LFRHlES L OVE
RERHil 21T - 7=,

Table 1 [Z/R L7 &L 912, GR & MW [ZARFFHEE (2. 5-10min) . —J5 VPLT I
ERMCTH 5 (6 hours). PO BX O RO (LB OFHEMFH L L UIEWSTTH
D8, BZERGRMBUZ T, PR OMEMR &2 % (18-30 min),

(3)  EHERHM

BHRERHMIL, ERCICR L7e FE MBI 21T > 7o, INEGHER L 72 R,
REE 3XAX1 em’ DR E L, B 10 LIRS 5 K 9 ITIRE 40 CTHt
L7ze AR U A MIBARZAREREPNRETBROFEBLIOAZ v 7 9 4
(22-24 7%) & L7z, m~RVIESBROMEHNIT A F&2# VIR LTV, SEIER
NS DR TR — N GbE LI EIT 72, BREFHEIZ REEZ Vv,
RLbbLNE, itk EoZ &, FROHFELWVWED . ) EHROMBE, RAET
DT E TONA3REE (FEE) & Lic, A7 —AbEOFILs » AT
FRGAON-SZ ROV ED] EL, 6 D 9 EOF%2 [h-nb o)
ELT, BOVICOVWTEIHFAL LWEIXLWEDZ IFELWED ) L, JE
DL LT/ Z2 TIFE L BRNWEY ] L LT, FLRVAZA RO R—
APFESNTEEH/EVIL HFELWED ] TEADENTZAOEFY 2 [hFE L7220
FD ] L L, 9 EWHOMEIET MSG (0.05 g/dl) ZFEHEL L CHlEIT- 72,
DERORS T D L X ITF Y OBV IR ST DD ) —X T
v PR HWTH Lz, 73% U & ME 5 SOREIEIC & %k 2 R FE L,
5EING 8 EIRAZ D RAIAT-> 72, T XTOEHE TrHlIE 8 BeREFHmRE (1 : 2
2, ZHAED RN, IFE LNE Y O ) EHIBE DD By | 8
RNV, ZIHEDOH D, 4FE LWED OFRV, 5 FHRIBE DRV, BV T
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1T-72,

(4) 77 AF v —HIE

HRerHilZ AW LRI AR A (RE S5 3X4X1 em’) & AW TR EE
kW4 %2 L 4 — Rheoner-RE33005s (Yamaden Co., Japan) & FH\\\TIT-7=,
WIS ) & A= F L X — 2 B2 HFPHBEE T L2 11 225 20 (A, 0.1 mm
A T7MTZ V% — (knife-type plunger) (BEfiifmfE ; 3 mm®) 2 F U THHE
W LEAICHIE L, Z0ISNOT AR O FH I Uz, BIESRMIE, EME
J£ 1 mm/sec, EAHZE 99% . Wi 200 N Th 5,

(6)  ALZERISAT

1) K- HIEHEE&ORIE

Koya e, IMEGHEZ O RO IS 1.2940.2g Z MW T, 105 CT 90
SITEINEN L e RE DR D EEAM IV EH Lz, £72. KoE ®mRER OE
ZRWNT, WIENi&ERMNEL Y v 7 AL —HiHEE (Soxhlet extraction) 1T X
»  AOAC method (1990) *NZHEWHIE LTz, T —Z IXERICHT HMEE LT
Fit L7z,

2) MY I BRAE

INEAGHERZ 2RO HLLES 10 ¢ 2 26 ml OZEEKT 1 o, a7 7 —
PIEMEAZ RS A D72 DIOKP THEL (FEVTAR) Lic, vk 4 CO
D BERRIS 10 2T (11,500 o), £ EEAZINE LT, LERIT A
#% (Advantec 5B; Toyo, Japan) TZ L F VU 7 u o ifE (trichloroacetic
acid :5% final conc) TERZ /37 ZAToTc, £D LBAHRKRERA T T T
1)V % — (membrane filter 0.45 y m, Advantec; Toyo, Japan) (Zi@L. 7 =
J T+ A ¥ —(JASCO LC-NETII /ADC Analyzer) Cilifff7 I / W& HIE LT,
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3) 5-4 7T UEE(-IMP) HIE

Suzuki B O HIE PICHEVTERL L 72, INEAGRERDS 0O 2R 2 Y BAMIX (BMO101,
Switzerland) & L, £® 10 g % 25 ml OiEEFHEEL (1 M HCl0,) ZMx 1 4
REDTA X LT, ik 4 CoOmLEEE (11,500 ¢ T 10 4T
Fi&E% Ak (Advantec 5B; Toyo, Japan) TAi L7-, AWK?D pH IL 6.5-6.8 |Z
I Mor 5 MKOH £721% 1 MHClI ZAWTHEL 4 CT—Buk@E L7z, EEL
a AT T T7 )L Z— (membrane filter :0.45 ym, Advantec, Toyo, JAPAN)
i L7214, 10 4R L C HPLC (Shimadzu SPD-10AV : UV-VIS, Detector LC~10AD,
Japan) Z W T 5-IMP HIE%#1T-72, HW/=# 7 Al (Senshu Pak PEGASIL-B
ODS 4.6 @ X250 mm, Japan) 20 mM phosphoric acid/22 mM diethyl amino
ethanol T L L7=H D TITo 70, ¥ElE 1.0 ml/min, 250 nm THIHI L7,

(6)  WRERHARAT

B HERAMF8 KX ORI E I I 1T DAEEHENTIZ SPSS PASW Statistics 18 %
WTHE % Tukey's HSD TH B ZERIEE1T o7,
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3, MR
(1)  BARZMBFECEZASBLIUCHENEEOEL

BT 2 BB IEIC X EHEZ LB L OUNEGER % Table 1128 L72, GR
& RO 1% PO & VPLT (Zhb#k LINBE D722 <0 MW X R TOFRMEL T EED
TMBRRRN KR Th o7z, tHXRRAKS RN DK S Table 1 (IR LIZ &
B THD, ARITKT DHERAIRKEIERIT, VPLT Dk bK<, —77,
PO & MW IE@Eh o 7-, HIENG&EIZ VPLT 23 bIK o 72, FHFRE RO -
TeBERL (77U v) FHERE R LBEE (m— A ) FHEIREEARIK 7336 K ONEN &

BNZ o7,

Table 1 Cooking characteristics of five cooking methods for beef

Cooking method ! Cooking loss (%) #5.0.  Moisture loss (%)? #S.0.  Fat content (%) #S.0. Cooking time (min)

raw meat 0 rawmeat 9.1 #0.0 A #8.D.

Griling(GR) 146 2 Aa 16.4 230 10.8 202 B 2.5 402

Roasting(RO) 10.0 #.5 A 16.3 #4.9ab 108 203 B 30 206

Poaching(PO) 20,9 206 Bb 185 +18 ° 10.3 205 BC 18 03

Vacuum low 200 #7 B 10.1 207 8.7 03 A 360 0.0

temperature

(VPLT)

Microwave 286 #16 ¢ 18.1 226 2 114 201 BD 10 200
(MW)

1) A piece of meat (500 g) was cooked by each cooking method.
2) Moisture loss indicates relative reduced rate after cooking against raw meat.
Different lowercase letters in the same item indicate significant differences; p <0.05

Different capital letters in the same item indicate significant differences; p <0.01
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(2) ER3MBGRBEICLDFADT 7 AF ¥ —Kpt
1) R 5MBGREIEIC X 54K OB EiHlisr:

S SERIMBGHE T EERIT > 2RO EREMOITIC L 2T 7 A F v —IH
H. T7hbb, bhbbhE, L. lEo Z SofEA2H41x L= (Fig. 4),
FNENOHB IR D0 RH Y | ZHEB LI OHE - Z S TIEBERR (77U L)

HEB LOZRLEES (m—2A 1)

bole, —H.

b, DED, e BN lEo I e ST,

LNSICBWTREEHETH 72,

FHFLIX S ERNH Y . IR 2N E W D EHIE T
PO & MW [Zb o, ZiHE. lE- 2 S THIZIERWEHET
VPLT 104

- oo
 —
8 :soft

6
5 -
4 4
3 -

©
2 10 £

.
[
; 8
\

8 :juicy

1 :not juicy

8 :fatty

1:lean

| GR | RO | PO |VPLT‘MW

Tenderness

| GR | RO | PO L/PLT‘MW

Juiciness

|GR|RO|PO VPLTMW

Fattiness

Fig. 4 Sensory analyses of beef cooked by five different methods (Texture)

*!in the same item indicate significant differences; p <0.05

**.1in the same item indicate significant differences; p <0.01

Analysis of variance

Error bars indicate standard error of the mean

Tenderness: F(4,210)=10.49, p <0.01
Juiciness: F(4,210)=9.93, p<0.01 Fattiness: F(4,210)=7.65, p <0.01




2) R72 25 MBGRELEIT K 5 4N ORI

5 FE D INEGHERVEZ K D AW %2 Fig. 512~
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Breaking stress [ %< 105N/m=3)
Breaking energy ([ > 105 /m?)
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o

GR RO PO VPLT MW GR RO PO VPLT MW
Cooking methods o Cooking methods

Fig. 5 Breaking properties of beef cooked by five different methods

0.1 mm knife-type plunger. Ninety nine percent of the sample was broken.
Head speed of 1 mm/s and a pressing load of 200 N.

* indicate significant differences; p <0.05

** indicate significant differences; p <0.01

Bars indicate standard deviation

TSN DWW TRINBGHENAIC K D AR R ET A Do Tz, Bl= %
X —IZOWTIE PO & MW NEEZR L. GR [T bR o 7=, T HRRHE DR
&E2Y PO & MW ITMMBVEFRIZ L > THEL 722> TWD Z EDVURIB STz,
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(3) B2 DIMBGHEEIC X 54RO RENK
1) R 2MBGREIL BT D4R DR
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Fig. 6  Sensory analyses of beef cooked by five different methods
Flavor and overall judgement)
*!in the same item indicate significant differences; p <0.05
**:1in the same item indicate significant differences; p <0.01
Analysis of variance  Odor: F(4,210)=11.85, p <0.01
Umami intensity: F(4,210)=8.34, p <0.01
Overall judgement: F(4,210)=21.20, p <0.01

Error bars indicate standard error of the mean

MW & VPLT 134 F LWE D OFHIE MK~ 72, BERk (77U L) s E AL
fEx (m—A F) BABIZHFE LWVWED . ) EHOM I B L O AR © 7EnE
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2) BRROIMBGRBECE54RFO I FHREOEE
2)-1 EHET I BEE

R DI L DEET R BEEE R 2177, PO 1T TR COMBNED
PCHROBIRWVIERET R VBEETH-o7=, —F VLT X2 bo7 2 /BER
N b hoTo, ZOMAIT VPLT (X 60 ‘CT 6 BEFEINENEZAT 5 7= iz
FEEMB X WERET X BEEINT 5 Z EnFEx bt (Ishii B %), T 2/
Mo Gln & Ala [FBEFICE L ABNER COEITIEHEAL S 2D B X bR
7o DFEWEZETEHTIEETHD Glu & Asp 1TBERL (F VL) FHEETIZZ
NEI 1.49 & 0.51 pmol /g THY, RLEEE (m—X ) SHETIIENE
AL 1.32 & 0.44 pmol /g Tholo, TNbODOEEOHFEIER DA EZIT2 )
Sfz, REEMOFEZENA LD Thr, Gln, Val, Leu ., Tyr O
Thol, TNDLOEFHERHOEIZLDbDEZ X Bz, Thr, Val,
Leu . Tyr OEIIFHFFEFROFE VY VPLT TLW—J7, Gln S&TEAD L1,
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Table 2 Free amino acid content in beef cooked by five different methods

(pmol/g meat)

GR RO PO VPLT MW
Asp 0.51 0.44 0.44 0.59 0.72
Thr 0.81b  079b 065Aa 134B (71Ab
Ser 1.03b  103P 081Aa 164Bc (89ab
Asn 0.33 0.30 0.22 0.37 0.27
Glu 1.49 1.32 1.10 1.36 0.87
Gln 6.91C 514BC 467B 254A 4808
Gly 1378 1318 108A 173C 1178
Ala 5.54 476 4.27 5.34 5.50
Val 1.23b 1.33 b 0.93Aa  2228B 1.00Aa
Met 0.40b  052b 032Aa 085B  0.39b
lle 0.43A 089A 073A 160B  0.68"
leu 1.04B 1718 086A 240C  1.198B
Tyr 0.28A 072B 029A 098C 053B
Phe 0.58 0.78 0.48 1.04 0.47
orn 0.69 0.48 0.61 0.61 0.34
His 0.44 0.37 0.41 0.48 0.39
Arg 1.56 1.46 1.72 1.77 2.01
Pro 0.74 0.55 1.17 1.13 0.52
Total 25.380 2389b 2077A2 27.99B  2245b

Each value was the mean calculated using data of eight samples.
Different lowercase letters in the same item indicate significant differences; p <0.05

Different capital letters in the same item indicate significant differences; p <0.01
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2)-2 R MBGREIEIZRBIT 5 5 FRBRO BN OFE Lic 5 EWRME

WH D 5 EWIRE (umami intensity) X9 R OMHFERNFRIZ L - TH
KHENDZ ERDLNP-TND, Bl 54 7 ok (5-IMP) &7V I Vg
(Glu) HDWET AT XU (Asp) S5 THH (Nishimura & 7)), T I
g & R OFFEDRIZONTIE, HFP S PR, 7V, 7=, U, A
FHA=, EAFVUERE, NV T N T 7 R IR ERYE L L2
VEED 3 FHERIAELIZGE. O EWICB LU CRER, MEMIERZRL, &
B ERME & VLB I R EIIRIED 3 RFMRLENEET D 2 L 26
LTWDH, REBRTIL, 5 >OPWEIEIC L 2FAF 0 HHlE S L7z 5-IMP &
TIVE I UG EDD Yamaguchi O N2 Xk W HE L2 umami intensity %
Table 31ZR L7z, ZNWZ I UL 5-IMP UAOT 2 JERD H FWRICHT HH
BREIZIERWNEBE 2 DN TH D,

Table 3 Quantity of umami compounds and umami intensity of beef

cooked by five different methods

pmol/g meat

Cooking method GR RO PO VPLT MW
B A
5'-IMP 3.75 3.27 1.28 3.00 2.93
SD %1.05 #0.76 #0.05 #0.79 #0.93
Glu 1.49 1.32 1.10 1.36 0.87
SD #0.40 #0.52 045 #0.68 #0.29
Umami Intensity* 3.49 2.66 0.89 2.55 1.63

Different letters indicate significant differences; p<0.01
*:Umami intensity was calculated by the followong formula: y=u + 1218uv

(y; umami intensity, u; Glu content (%), v; IMP content (%))
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Fig.12 Relationships of crude fat and beef flavor intensity,
umami intensity, and overallevaluation
Fig. 12 \ZHIIENI & & & AR, © FROTR S I L O EFEHN & OBfR 2=
T, TNE, B S ERENC LT Fig. 9 BT D L. X5 X ITRE VA,

[FEED RSO RO —7 R TIE D, 2T, HEEEE2EHE L T2
W% F/NARIETY T, FHEB CTRAOE MM Z 5 2 2B &
RO, BoN 2 kRITNZRORFITR Lz, & 612, 2 wii#EF O

BMEZET 2RO ES L ORI A 0 LT 5 B e Racxf L CTIESE
TIFA L T DRNARHOA BT 2 e (RRE) DOfE R4 Table 4 (2
~LT,
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Table 4 Estimated value of parameter of equation between crude fat

content and beef flavor intensity, umami intensity, and overall evaluation

Term parameter S.E f-value p-value

Beef flavor intensity

X 0.2698 0.1313 2.054 0.0241

x? -0.003809 0.00185 -2.060 0.0238
Umami intensity

X 0.2545 0.1205 2113 0.0213

x? -0.003371 0.00170 -1.987 0.0277
Overall judgement

X 0.3483 0.1368 2.545 0.0080

x> -0.004932 0.00193 -2.560 0.0077

L ROBFIINTHHIET, 2ROFEEITVTNHAT, ZRENMEIICHE
BEThole, ZOZ L, JEMIZHREE TCEWIEEHATEELINHLH—
EDREZ A2 &FFRITIEERICD T2 2R LTWD, RREE 5
Z5ENEZEANSHET L RO X S5, WEREMKTIE 36.5%, 9 F
HROFR & TIE 37. 5%, MAFHITIL 34.9% & 720 . WIIIZEBWT Y 36%FLE
DS mWE IR Z 5.2 5 EHER ST,

ZOMEIX, Ml AT ey PLTHIEEAEED LR oT-, 2721
KB & B DL T ORE T —7 L0 EHOIRTIEN LY ZL 5N,
AR CEN NS oz, ZOZ Lk, KIEMEITIX, BN & &S0
WERZNLODHAIZTFE L TWAHAabHD 2 2R L TWD, LT,
ZZCHRE SN REEN EIENEUNAORE DL RIZE > TEHIZFIE T
FONDAREENRHHZ L HREBL TV,
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(3) —fiRm oy & B ReaT M4t & o BiSR

ARSEBRIZH W= (2003 F0 5 2006 52 0) Fn4F-HAl 34 BHO BMS No & HLARAG &
EORfRIZ Fig. 13 @Y T, BMS No.3 -9 ORI THENIX 23.8%M25 48.6% %
TIFIFESMICHE RS LT,

50
- 40
ES
E
@
o
2
S 30

20

1 3 5 7 9 11
BMS No.

Fig.13 Relationships between fat content and marbling Score(BMS.No)
for beef

BMS No DL 12 TH LM, ARIAW B Cldfikm o 9 THHIEN& &iX
K150% CTh o7z, 1985 D/ NMED DHE ¥ Tid, R4 (BMS No. 11, 12) Ol
MEMAE Bl 31. T% & B o 7243, 1998 42 T Tz 21 BHOFI4% 7= Ueda &
O VT, KA S & 4.8-39. 0% BMS No. I% 2-10 (TR FHIT STz,
INHD2ODWE % Fig. 13 LH#T 2 &R U BMS No THEED b DIT LK
L. EWIEICHIE G &ENZ L o TETWLZ ERbND, ZOZ EIZoN
TITHEH B 2009 4F IZHERT L T B,
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Fig.14 Relationships between protein content or

protein/moisture+protein and crude fat content

MG & & 2 o7 EE a0 BRI, MBS ER#ENT 5120, WE
BHROKSG, XU EERITODTIVE ERICHED L, & &2 23,8~
48.6% (2.0 i) £ THIZD L., AKIFIE 584715 39.6% (0.681F), X1/
BIL17.9 75 11. 6% (0. 69 fi5) 12D LTz, & BT, K71E568.4 75 39. 6%,
BT EIT1T.9 005 11, 6% LTz, WRIX, Z£hEh 0.68 {5 & 0.69
5T, IFEXFR L ThH -7 (Fig. 14),

ATRCO Ueda & OWE ™ Cld, BB & & 23%LL T ORWRHIARIA A 2 C
HIKGPD T2 Z X7 EEREIT 18% D L~V ERk-sTEY ., EIiEENE
MEL BN 2 L Bic 2 UV B E'EBBADT 5 LML Tunvie, Lol
PR 51X, 1996 —2004 FEOFEMEL 15 BENHAEF - 195 BH (28 » A ) OFn
O TRRIFOEAR (5.6-50.4%) & & b, EMRWICK LT ERRED L
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WL, APRIEgAE O L LT,

FEMGIS R A Th ., KT 22 7 EDORIGITHEV ZEL TWRD-o
Too WRITAKICE T ZWENRE IR L TlER IS8, 237 Hilik
DKEEVED 5 FRE°T 2/ W7 & O BRI BRI - Th . KBS

SORETFIEF-EIHRIZNLDODEEZBND,

(4) 5 EWRARSRIEE & B REFHE AR & DRILR

Fig. 15 \ZERBIOMHEMEE L A /) il e 7TV E I VEEOSHHEO G Z =

D
20 1
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. . ¢ £
S ' ‘ 3
tn| b
b ‘ G . 2 2
-' o ¢ ¢ @ LI ’
n " ¢ L] 5 . ‘ ‘
5 i L ¢+ Tﬂl ‘ L N ¢ A . ¢ N
Y . X ‘ . ‘o,
o 0!
0 0
20 30 40 50 20 30 40 50
crude fat (%) crudefat (%)
Fig.15 Relationship between 5-IMP (the left panel) or glutamic acid

(the right panel) and crude fat content
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NIOXFFREVD, HEFREEZRD D L ZE1-0.30(p=0.084) &
-0. 34 (p=0. 092) DA DOHBEIEH N A BTz, TIHD D EBETE B KD HFO
HAELLTARDEELLLEHOBEIMCI b LT —ETh-o T2,

L2y, BEHERH Tl d 2 FaFH ORRIS D KIZ L o T o EBRIZH S IR
Lice ZHUTIEMIDADERE & LTH EMRAHEMRTHZ 2R LTW5DH, AlRE
PEE LTIE, IS D £RZF Db OZMET 52 L. HAWITEN N 9 £k &
BT HREAMNTH2 L, SHICHER LT O TEGEEIENRE 2 LN
Do

Z 2T ETRENIE O EWRAHETRT 2 0B~ D 72D, fiHARE T L FEER
kT,

=
7
& 0 -
£ A
E 1 0% | 20%
E J
S 2 * ,
3 * %
**:p<0.01
fat content (%) *:p<0.05

Fig.16 Intensity of umami in a solution with 10% to 50%

rapeseed oil emulsion
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B ONTALENTEDOEEMETH DA /B L umol/g & 7V 5 I 0.6
umol/g ELHELWENMREDA /) VBT NI UL T NVEI VT N UL
[FIRFIZ G TekIE (9 ERIRIR) &M E#%E OFGBNZn2h 10, 20, 30,
40, 50%IZ72 5 L OITIRG L, BELZRWVWE D12 0. 1% D> a AT T ) R~
AT NERMLT vV g b LciBte B Lc, BEHIR 5 ml 2 1 AiICE
ATl E RICAITEEL %, I L THEORIZED 5 AT Ol S
R L7z, BUBIOIREEIL 30 C& L, DT EHDOKIZ 40 CTH 2 [\ OF
TN, BERGE & 10%a0BD O EWRRAEE 0 & L7z & EEBHR v H T
U7 — 3 b+ 3DORE TR LUIEREE Fig 16 (TR L7z, 7~ /LiF 10
ANTIT o7, HIBAIEIZIMIE S BN 51F L 5 EHRIRE N LT,

ZOFERTIE, BEOHEIMC LY AFIZEEND O FWREKOEITHA T
B2, 2.5 ml LLETHITWRIBE~DOFEII DR Bbhd, 5 e
U= &9 0UE, MIBITREEE 2 BN S & 2 72 & & i COMEHREE 23 8 L |
) FROBIMAA LIZAREMENR B 2 Db, L L, —EDREL B2 iU,
HAEZY 9 EWRIRIRDORE~OERZ T -t B2 b,

DI, ) EROMEIRITIILL FOHERNE X BN D, TR F4EORHEIT R
BrELT DX EHKDS FkE, BIOMEE, WHEICL-> Tl &k
INDEFY, AEKZFERICEASETEREZHOLI D THD, 2 EFHRMEIT
ZTHHERTIERL, AP THEAOT I VRO LRI LA ZRKE L
TRELLNDN, WMZZEoRETa 77 A0 L, 2L, BERK, A00
S, RN, Bt E 525 LA LTWA O EIE D EHE FICIEER
RV BEVHELNSDTHRWVD, RO OLNDREBENRELICT SRIANRD
Rt 2 52, 2 FHREEELDLLWIIREZR D, I HIZ, AA T — FRIGIZ
S LEFELWE—=TOFDICHFE LTS Y, EER KA & &SN 5
ENRESIEVWED L HWE Y BZ8INT 5, B VI3 bEICE T, FY
BROBRS 2R T2 Z L2 WG L C0D, £7o, IWNIEEY OFEN D FHRO
PR 2 BIIC B LS D 2 2R LT0D Y, ZhbzkaToE, HWED
FERAIE D ERZDH DO TR D L FRFHIAR O Z < R b S /e & ) RIS
Pzt 5 L. 612, A—F— FRILREICHE L TEHFY LFERFIZ S £
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WEAMOLEDENR D, o, BBKE > FHRPEWVFEELZRLIZZEHZD

OBk LB BNS,

—J7. HREDWERANEEND Z E1E Cover H ' EDEL DWMENRDH D &
[P Z D —RENZERD BT W5, RS WAEICT 5 72 DB AR

RHEREZIC LT R, FRORREME L LTREIZR, JBKRS D) LD S

ZICRHMIAZ TIF5 Z & b ARER RSN,

PLEDG | B FIARIZB T 2EHOEENT, HSEE-Z S, RbbNE,
Va—i—&, AL LWVEBR, O FEHROBIOT R TEERL, RETHE
mHObLHZE, L, BVEIITEENH Y 2B X E 36% L HE I N,

AENIARI R E WV ) ADEREEN S A TELR, HOEZED DT, 5K~
FLIEOE, MM S, BEHE, B EVEETH L, £ 9 TL
HEIERE G &IZS DI E T Z bR L Bbhvd,

(5) D sl & FRE T RO

Fig. 17 \CAHEA- 27 80 ( MR & & 8—25% ) OHIENI& & & BEREFHME Ok
BRHIOBREZ R LTz, HEENI & &OKRKIEIX 25% Th o772, B REFHMIE
ORI AR & & & EMRBERICH Y, BEMFEO LS ICE— 27 1Z4AE TR
Mmole, ZOZ EiX, ZMFOMENGENEEMEOE — 7 i ThD 35% I
HELTR2roTenbEEX b, T7bb, 35%ITE LW HiPH Cix, A
PiasEldZ iz s, BresHifEimat il Th o7z, DF V. 25% F TOMIEN
SEIIMNEBETHLEZEZOND,

—J7, PHEREEICOWE, Fig 18 /R L= K 9o, BEFFENEERA L&
WS IEFIBELR T, M MIFIEE LVOFHBE 2 R L7z Dkt U, ASMERR 138
o BERRN OB, BRSO LS, BLORATHECEIETTH Y |
iz y il Bl 7 R L7z (Fig 19, 21), LU, BEFMEEA I, BB
RSN 2 & AR OFHMA (x $i1) OFIFHmAT AL, f5> 2V RITEE R
(R VNS DB GIEO T, FHEAEm W L AR LTS (Fig. 20),
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EH [ it &
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] i e
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54 ERPHLNE BB PhONE
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Fig. 18 BEEFREFRD [RLb b FHEICIIT 5 BERkEE & & BE D%
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EH it fiteh
EHES 3 1
E84 EROhohE  |FRPhoNE
F—5H 7 77
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o BB 6.3% 5720
P FHiE 45004 47760
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Fig. 19 ZMRPFRD TR bS] FHEIZIIT D BERIE L B REDOBRK

7
1EH i sk
EHES 4 2
EH4 ZRRETHE BERLAS & 5T
T—4% 34 34

= B/ME 3183 3.714

o BAE 6.059 6. 059

40 FiiE 5.1498 4.9324

§ ZERE 0. 65256 0. 61486

& TREER 0.784

= mRER 1.129
B3P 0.738
tfs 7.139
Pl (i) 0.000

3
3 4 5 6 7

BARAT®
EUFEI Y = 1.129409+0. 738479X

Fig.20 REMEFAO TRAEFHE] EICRT 5 BERkE L RRYED LR
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EE B i
FHES 4 ]
Th4 ERGAHE  |BhRATE
F-5% 0 0

= BIME 3603 3603

j BAE 6365 5950

2 THE 16296 105

b2 EERE 063200 05751
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tfE 10,630
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Fig.21 ZZMEREAWICRIT D THREFHE] EIZRT 2 BEaiE & BRYE DR

ZOHEBELELT, WOPBEZLZD, 12, AHI LT, REAIX
< 72> TLE D OMEIRMEE DIRWAFRIIibN D, £2, MEATEL S
FEREG BIZET7 7 MR ENEIBMETH DB LV LA D FHET
Z<ELDIEREBEZDLND, HARTIE, EroREMFOEN (44 B
ELT, B (TEREX) b D, Tk, MBS R E < TR ORI 22 HE
FEOEWFRD, BTN Z EICED, G<MicnTEeEEZIBN
77

L2 L, I BEEOVEFLICED, B E L TOTBENE L TE
D, ATE M E TN AR RIE TR & T\ D S HER S L,
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4, i

MENG G B DRI DR OBRFHEZH L NCT 5720, BESRMGZH—L
T BRI RS 34 90 CHUIBN & & 23. 8~48.6%) % W TN A B BER AT %
TV BYLSERR O RIE & DR CRET 21T - 72,

IR & BoEINE, WERHMiOSLh LS, itk fio Z X &N+
Too Eo. IBVEOHEMMIKSZRESBS T LRIRFICETOZ o EEE
WO L, 9 ERMDEEEZMD LI, Koblcox "7 ERBIU
Ry &I —E Th o7z, TRIAITD EBRE A D LWEBE & 858 LA R %
e, BEEICITEED S M E &ITH L TR 36% 1" E—2 ThoH Z
EDNRENT, TORMITZENLU ETHIIE, WIENEL R0, fEo 2 &K
LHHRThboT,

S DI 27 BH CHLIEA & B 8—25%) (3BERkIN - FHAA & & ARG & &
PUNE E R - JER & BICHRERHIRE R S < e oo, THITEBICHEL
HEBH G &N Dol LItk p b0 EBEINT,

N

5, B

JENA G ED R 2 BREMFORBRFHELZH O NCT D720, BHEREEZREL
< L7 BEMMESA, BMS No. 3-9 #&AHT Sk B2-A5 CHLAENI & &= 23.8~
48.6% : H#n 21 7nH~30 » H) @ 34 BHHROZ Vv, BERRAIC X 55048
FRERHME 21TV | KRGy, ZUNU B BlE, TVE I UBE R TRETL
77

FUIBN & &0, AEFHMIOCh HnE, 2 o 2 S OEE M
SH7e, LR OV E ORIy DK E 72 & FIRFIC A T O
YR EEREOWY . SHICOTIREBRB IO VY I VBE R S
MK HTEVIHAET D EZNDIRIEFEEAEED L o7, IRIFITRERE
D 5> FBRDOFRES &AH L LWEBRZZIIIHR LA 2 @D 2 2 L 23R
ST, BEMIEICITHIEN G &IZK L, 36% a2 —27 L LI-ERHDHZ LR
RIS Tz,

55



HLIEIG & B 25%LL F OZHEAIZ OV CIERRENE IS b 59, MU & &2
I 213 E RIS LORR &6 6 b ERERHIAE RITE M & o 7o, BRAGHEE
IZBWTIE, BWHHFICENRET 52 EnE X6, BIHOZNEDTHEFF
KENDHMENRH LT, ENUTHRIH D B2 b,
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BAE RYIBERATIFR ORI RIE

1, BH

#1ETIE, MG ENFRO BRI KIETHELT I, 72, 2ETIE
FHROREN & ED BRI RIETRELHA LT Lo, 8 3 BT, ABils
PRI BT TR B2 i L,

B OFENERIE T EHHRGTEL TBARICE D, BHAMRKRISCH D
N 78D ERIFFIZ, BBRAWEIND Z LT LM TS, B I,
BRORESCIRIRMCE VR D, T2 REANZ VRV ALY A VT,
AR < . BRAMEIC K D wet aging DELETIE, 4CT 10 ARINS 2
HERBECH D, £/-, BELEAEICE D wet aging TIE, I 2135 2
EMTE D, RMFFMHT, KR DBEL —EIC L, RORMEIZERT S dry
aging TIRMFETH L. 1 W A~2 PARIOESEEATTREL 725, AATIE,
N5, BRI MED BB ORIL, dry aging TR ZIT> TV D HENE
W,

BRICHEEZEZ LIRS, BRICE VIO R ERmb TV 5,
Flo  BERIZE Y XN BEONTERT e T T —BIZ L5 H B Z Y
WEBET X BT T RN L, BRICEMES AN S Z & LIS Ty
Do Fio. WEEEYT X BOMEIL, MU X 2FRKDZW/INIEL 2 Lnb
FYOHRFECHLEIRL TWD, TNALOHBTEL TE, &< 26 ENA T
FEENTEY, ZLOMABELNTNS @O UL, AADESLRER
A OEIRIC L D BWIEDZEACIZBE T 278135 < Zeu,

ZZC, % 3 BT, 60 HEUR ST A D 5 EMRASY. AEHIRRE,
EREEPEIC I A L& T S IO % 53 % aminopeptidase i&ME &
EHIHRFI L, UMM AR O T I EEEME LT,
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2, Fik
(1) 3%t

B LTINS HE BB 5 80 (FeE IR pE(RIG 2 30 A il) & L7z,
ARSI LD AE%RRIT A3-5 Thotz, &% 3 BREICHAIZF LR
(2 C) THrEMia £ CRCES N, BRITZEDOEE L& 60 AR E TRAMS
o IZCHD30 BITBEZ TICLTREE, Z20O%D 30 AIE>5 LTS
7o BAREUITIE, 1-4°C | FAXHEEE 80-90% . WIFEMHICEE S5 Bk &t T
Wigk L7=, 60 AR, 1 &> k(5. 0-cm thick) & Wik F A (Longissmus
thoracis : ribeye roll) 735 4, 11, 20, 30, 40, 50, 60 A HICYID H L7~
BERSCH DPIZ, BN HEID L7, 24 BRRILINIZ TV R CHARZF R
FCHGE STz, TR K OVE RN B ARz RPICEITN 2 BEZ IS T D
Too 7ok, BRERHEO L& 4 H OREHI 2 RIRFICHE L (-40 C) . B HERF
ORTHIZ 2 CT 24 FEFfFH L2 b DB E DD EHEREL LTHERA LT,

BEHE2  Rp40 RO (PEBLL: HERMIZT)
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(2) {LZERR 34T
1) pH, 7K. HAEHG, FREHRILOHIE

P+ pH 1% pH meter (IQ Scientific instruments IQ 170 Hach US) TllE
L7, MixER (longissimus thoracis) DK EGEIZ, SV FICL-HA

105 °C T 180 4[], THIRZR CTMEAL ., MEFTHZOEENOLHEH Lz, AK5H
ER T HOE % Soxhlet FHHEZ FWT HIBN & &HE 21T - 7=, HUIENE
BHEIEL. ATE & [FEEIC. the Official Methods of Analysis of AOAC
International “IZHEVMT 7=, Z ISR LIAEIZ TR CTARBEIC LV EH L
7= MMEMBIITINBAAIZ OB R L,

2) 5-IMP O#|E

AIEE & AR, Suzuki HOFEVICHEW, AR L7z, T7bb, ADFRE
P BAMIX (BMO101, Mettlen, Switzerland) & L. & 10 g% 25 ml Diatgs#%
fe (IMHC10,) 2Nz 1 AT T A X LT, Ziak 4 Com.LorBER (11, 500
g T 10 T, EiE%E A#k(Advantec 5B; Toyo, Tokyo, Japan) TAif#
Lize AHED pH 1% 6.5-6.8 {21 Mor 5 M KOH F£721% 1 M HC1 % FvCiffs
L. 4 CCT—BiE LT, FBEREZ AT T 7 ()L Z— (membrane filter
0.45 g m, Advantec, Toyo, Tokyo, Japan) Z il L7=f4. 10 f# R L C HPLC
(Shimadzu SPD-10AV : UV-VIS, Detector LC—10AD, Japan) %\ T 5-IMP il
EHx{ToT2e 7% (Senshu Pak PEGASIL-B ODS 4.6 @ X250 mm & 3 =
- B2, Tokyo, Japan ) Z V>, 20 mM phosphoric acid/22 mM diethyl amino
ethanol ZENHH & 55 5 T1To 7=, diidIE 1. 0ml/min, 250 nm TR L7,
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2) WEHEY X BRAIE

Nishimura 5Dk N XV To7z, Thbb, AFRREOFLE 10 g
Z 25 ml OAREEKTI1IHRE, TaTr 7 —BiEEZELIMZ 520K THE
b (REVFARX) Lic, o 0o gl 11,500 ¢ T4 C, 10 2T
T BB ENE LT, EEAIT AR (Advantec 5B; Toyo, Tokyo, Japan) T
JEm L. MU 7 ooffEg (trichloroacetic acid : 5% final conc) TRH v
RY ZAT ol TDLEEBREE AT T T 4 HF— (nembrane filter

0.45 g m, Advantec; Toyo, Tokyo, Japan) (Zi@L. 7 /7 + 74 % —
(JASCO LC-NETIH /ADC Analyzer) CilFEfET 2 / Bz I L7=,

3) aminopeptidase C & H {EMHEDHIE
4)-1 HEERIEEDORIE

Nishimura & O FEICHES TITo7= 0 BRI, TE DR K& 250
NEMI 2B Y BRW 2 AER A N — X w7 &2 (1200 rpm) T#EL T 10 g F5FE L 72,
WA T 40 mM b U ABERREENL (pH 7.2) % 30 ml Mz, K TH LR H A

3 w7 % (Bamix BM0101, Mettlen, Switzerland) T 143 L7-%.4 C.
11,500 g T 10 4rffiz LBt L 72,

L& 7 BOWET Bradford 5% MW T protein assay kit (BIO RAD) %
AT T2, FMIET VT I B AKX — RE L THWE (absorbance at
595nm)

FBERIGMEOWPE TIL, Z V¥ I VKA 2@ B-naphthylamide FFE K
(Glu-NA & Leu-NA) (Z/EMH S, #HE L 7= B -naphthylamine EZ IV | &M
& L7z, BARMJIZIE, 0.2 ml OREERRKE 0.1 ml @ 1 mM Glu-NA & %\ %
Leu-NA 10 mM @ kU AHEERFEMERR pH 7.2 % 37 C T 5-60 494 > F = ~—
FL72%. 0.4 ml @ 0.23 N HCL in ethanol ZEA L. RIS&EILLLT-, %
D, 0.4 ml @ 0.06% p-dimethylaminocinnaldehyde in ethanol Z¥sHNL

W L 72 naphthylamine 278t S W72, =R T 30 /rflEfE L7-1%. 540 nm
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DRI E ZHE L B - naphthylamine & & L7-,

4)-2 R L BREEORE

4)-1 & FBRICHHSR U 72 BRI 20 ml 3BT T = — 712 AdL, 10 f5&ED 10 mM
N U 2 EREREER (pH 7.2) FIZAIL, 4 COMIRBIZTAY —F —Thi s
HRNE 6 REHEN S, 20%, BHEH 50 40mM kU R EEEFEE
R CFM L S B2 DEAE B b m— A A T A (@2.5X20 cm) (ZWKAE S, [FIFEE
% 250 ml CTIEWAEE 2 ATEWIEL THH, 0 M2 5 0.5 M NaCl £ TORMERE
FERHEEZ AV CEEL, 1HYE LT, 10nl 2777 aralb s Z—Z TR
£ L7, 20 U725 @ aminopeptidase {EME% Glu-NA & Leu-NA % FH\W\T,

E LT,

4) -3 WA DB O
4)-3-1 MPRUT K DEERTENE & Bl </ BROEAL

L& 8 HHEIZTF /W FERIES IR EHA A 50 ¢ $28I0 L, 200 ml & —7
—IZ AN, BEARBND ETHRY 7 Z M (RIEA4 A U Aath) 2z .2 °C
OIEIRER TEIEAL 14, 20, 30, 40, 50, 60 H F TRk I W7z, FEIFHROES
I hE LSRETRY MmN 1lem UG NI 7528 >ThbEH LT,

BN OBERIEME L FEHET X IO ZCET 2 HE X, FhEh, #/iE
3) & 4)-1 LEERIZAT o T2,

4)-3-2 WMEMRIE

AREINIE, BUBHAZEIERICEIZE L, ELICHK L-bOx 2 COMEES T,
24 T TREBR L T, I L7,

AWK 10 g ICIREKEREMZ, A M~ —CTHEL L, JEE L8R
B K TAR L, HEREE Lz,

PRI EGIE N, B RO e - BEREIIEHAS R U 7 g0 (M 1Y) %
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fER L. fFRMEMEEGRER 7 L — MX, 35 C., 48 B[], B v - BEREAIE X
20 C. b HIMEEE L=k, REIA 1 ¢ bV oag=—HKEHHE LT,

B3) T 7 2F ¥ —HIE

EHRMIZAWEZD R URBHZOWT, 3X2X1 cn’) , Rk L
Rheoner—RE33005s (Yamaden Co. , Tokyo, Japan) T 4% 10 [B]-4*-> & 5 G AR KT H]
EEIToT2, 99%MMWr L7z & & DS TTOT B dhifp s DTG 71, Ao 2
MRIETIG ). RIS 2SR D 7z, MIESMFIE, WE 200N, R 77 vy —%
AN, FEMESEE 1 em/min TfTo 72,

(4) B REREAT

BHEREAMIZ, 4, 11, 20, 30, 40, 50, 60 HHICKLEEOLRYIY HLI-A%,
JFAZ RV I 7 L, 1lemBEIZAT AP —TRAT A AL T=ERIRIZ 30 45 i
L7z, 2> bua—d 4 HREHIATEICHEENDED 72 L2, 24 FRRE,
2 CTREE L7T=, 200 ‘COAR Y h 7L — bk (Zojirushi Corporation, Osaka,
Japan) T M 1 M., Em 1.5 HMMBALFLIRE 60 = 1 C
(thermocouple ;AD-5604 AAND (China) and infrared thermometer ; refractive
index 0.95) & L7z (55 1 #ds L OV 2 BRI SR . BERE 10 40, IRE .
PREEICID > T3X2 om (ZEID L. BREFHMMFEL & LTz,

BEHEREMIZ, 4 Halkta LUl L= 11, 20, 30, 40, 50 . 60 HOZEH
FhE 2 HEgE (two—pair comparison) & U C=IRTITo7-, 2HEMHEEIX
[(bhbonE ), I1ZHME, THROHE LWE D O X (orthonasal aroma) |
(9 FEBRREE ] O 4HBIZOWT, 4 H% 4.5 & L7c 8 BRI R E THIXFE
MiziT-o72, RLEWVAKTHD 8 X, [ROLLNE ] ITBWTIHARESDLD
oy T 2BV TIEREYa—v—, [FROHELWEYORE ] T
X FE LWEFY BRER, [5 FRORS ) TIHIRE D FHRBENE L, —
F. mBEWAEETHD 1iF, [RbbnE ) TERENW, T2 T
REFSFEE, HFELWEY OBE ] TIEREHE LWED BHHV, 5 EBk
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DFREI | TIHRE D EFHROBIDFHNE LTz, 7SRV A N—F, T NDOFEA
ERFBEFA, 2 DWFREAL v 7 (T _XTLM) &L, $3TO/RRALA
AN IXE R 3 1T D SRR R B L OERE 2R b 0T FRE S
EXEIERBMOFREMNORBREFRFOLOETHD, IHIT, ZDEEREH
AN S E S ER 7 L — FOFREZHE LB-E R AT, ~FxLodifde LT
IHEAT T DR x R TR D LN S OFFALZFIB L . 2HETREE L7z, £,
FRATICEENDIHFELNEVIZTOVTOIIEE, FRTICE EN D EHEA
5-IMP & 77L& I UPBIC K DR BRI H AT o 7o, F72. 9 EHROFMIX
FEYODORANEZRET D720, /) —X7 Vv 72RO TEHMEi L7,

BEH 3 'BHELMm

(5) MEFEHAEAT

HREHENTIZ SPSS PASW Statistics 18 for Windows & H TR0 HTH% Tukey
@ HSD Z# A\ 7=,
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3, MR

ARSEERFE BRI IT B EREB TR BHEORZBAEHIZALNT., TNEi
DEREDZEEZ 2T, BRICEDENBHE CThH -7,

(1) 60 BEOREIFL (dry aging) L7=F|EEY F4WIZI1T 5 pH,
AoEE, HIEEER X OUNE¥E k0%

60 AR OEMZK (dry aging) L7727V 4N O pH | Kioa &, HE
Whe sds KOUNBRRIZH T 228k Aa K (Table 5) IZR LTz, &% 4 HODOHD
pH (X 5.84 Tholz, TDO% L& 11 HHND 60 HHIZHT ThTMIZb
L. B FEAORIR pH X 5.74 - 5.80 TH 7=,

T FnE N OKRSEBOELONTIE, E&% 4 HEDOHWT44.9%, 11 H
HORWIL 40.7 . 20 HEAOWTIE 39% LA L=, LaL, 30 HEDOAT
1% 43.4% &EIE L, TD%, 60 HEDORAT 47.6% LML=, —JF., HIE
MigiEixl s 4 BEHOWTL0.3%, Dk 11 HEDOWIL44.9% | 20 HA D
WTI 43.8% &7x~7=, LL., 30 HEOHETIE, 37.4% & LED%
FZEEDL LT, 60 HEDHTIL 356.8% ThHoTo,

FHEEZLIT, 11 HHOWT 15.8%, 20 HHDKW T 16.6% Th -7z, i
(X, 40 HHX50 HHOWIZHE LEETH- T,

64



Table 5 Changes in pH and moisture and crude fat content and

cooking loss, in highly marbled beef during for 60 days with dry aging

days f1 days 2 days N aays ) cays A0 days 0days  Fude Puale

$ NI Nl $ $ $ $

bt w st s s e e ot ow 55t owosmom
‘ " b b b b

i) MO0 1 W0 s W 4 & 2 B o5 &) 5 45 @ 5B 0
b " h ] ] 3

aei) 030 s Wb w omd e g ow owmte ow s w6 w0
4 b b b 2 q b

wigosth 25 45 0§ © B 0 MY Ry ¥ Ry 4wy oo gas 00

Values with different letters differ significantly; p < 0.05
Measurement was repeated five times for each five Tajima Japanese black

cattles.

(2)60 HHEIEHABAR (dry aging) L7=EREY F4FRICIIT 5 5 RS DEL
1) 5-4 7 g (5-IMP) DAL

t% 4 HEORWO 5-IMP GEI1X2 pmol/g Tholz, TDhk, Hhxllid
L. &% 11 HEDORWT 1.63, 20 HADOPWT 0.56 g mol/g ThH-o7-, 20 H
HOWE 40 HHOKWO 5-IMP & &IIZ(ENR A LT ZE D% S I LT,
(Fig. 22)
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5'-IMP ( #molfg meat)
N

4 11 20 30 40 50 60

days
ageing period

Fig. 22 Changes in 5’-IMP content of highly marbled beef
during dry aging for 60 days
Values with different letters differ significantly; p < 0.05
Bar in the figure indicates standard deviations
Measurement was repeated five times as the average of four

measurements.

2) ERET X ) BRDEAL

kD FnEROEREY X /% (FAA) T&® % Asn, Glu, Gln, Orn, Arg LA
ShoT I R, Bk 20 HEETO LI oW Lz, —F . Thr, Ser, Asn,

Glu, Gly. Val, Cys, Met, Ile, Leu, Tyr, Phe, Lys [Z#\sk 30 HH M
5AMIZEIN LT (Table 6), & 512, Tau, Gln, Orn IAAOFERET X /s 4 H
235 60 HRECHBEICHIN L, Fig. 23Rk 51T, BB fndoibdt T
R BRREIX, LE% 4 HBHOAMNDS 60 HHDOWIZRDIZON THEIZEN
L7ze DFEWRMROGOUEDTH D 7 I U FEiElE, 4 BIZHEL 60 HHD
WTHEIZEL toT,
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Table 6 Changes in free amino acid contents during dry aging of meat

from highly marbled beef

4 days 11 days 2 days 30 days 40 days 50 days 60 days Fuae P value

SD SD $D SD 8D SD 8D
Tw 2002 04 22 06 26 00 50 12 20 a g5 1§ o 0% 1§ 05 BE 00

hp  05e 00 Qda 0@ 05 09 06 02 08 b gz 06b 02 Q9 b o0& 3 0m
Ty 03a o# (4 02 (5 08 09 a0 {4b g5 1200 04 {9 b 05 2@ oM
S 0da 0w (4 on (f b 02 1 @ 04 {8 b gy 16 b 0¥ 23 b 0% sam o0
Mn 02a off (022 0B (3 06 04 a0 (f @ gz (0F b 0B (8 b 04 M o
Gu 07 e 08 (0§ 09 (0] & 00 {38 0 21 g A7 b 06 25 b 0% 0 00
Oh 522 16 39 & 14 37 b 1Z 336 46 29 b g 27 b 0% 30 b o7 sws oo
O 072 of 07 & 04 (8 & 04 124 08 17 gp A8 b 04 22 b 04 KNG O
Na 2002 oo {9 b o 20 @ 12 23 b oM QT o g 27 4 0B 3D & 0B W 000
Vo 028 06 02 @ 06 (4@ 05 0f d 08 10 A gy 0T b 07 {4 b 1B R 00
s 032 oz 03 & 04 Q4o 03 06 0¥ 12 gy f4b 00 AT b 06 T W
Mt 03 e 07 (03 a 09 (04 020 09 & 0B 45 A g% A1 b 0% {4 b 0% 0M 00
le 04 a off Q4o o (54 0F 1A 0® 19b (x (4db 0% )b (M 4 00
lew 02 e 0# 03 & 06 0§ & 0% {1 b 04 20b gm 2 b o4 23 b 0% A 00
e 02e o4 03 a 03 03 0 07 & 08 12 gy 09b 0B 150 0F W 0w
Pe 03¢ 06 (02 a 02 Q4 02 ff @ tf A1 b gy A1 b 00 41 b 08 6% 00
Om  03a 04 (24 02 (f & o 018 08 01 b oy 01 b 0¥ Qf b 0% 5 oo
Tp  05a o7 05 a o7 Q6o 05 07 & 02 12 0y Afbv 02 20 b 02 HE W
lys  02& 02 03 a of 0§ 04 0§ b 0¥ 10 b g5 10 b 04 13 b 05 BB 0w
Me 02 e 06 02 0090 04 08 03 o 06 04 gy 04b 0% (50 05 5E 00
Mg 08 o8 090 09 (8@ 04 (9@ 04 0@ g 1A 02 13 0 08 2 00

unit:zz mol/g meat
Values with different letters differ significantly; p < 0.05
Measurement was performed five times on five samples derived from five

Tajima Japanese black cattle.
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Fig. 23  Changes in free total amino acid (FAA) and glutamic acid contents
during dry aging of highly marbled meat

—@— Total FAA ceekee Glu

Values with different letters differ significantly; p <0.05
Bar in the figures indicate standard deviations.
Measurement was performed four times on five samples derived from five

Tajima Japanese black cattle.

(3) BB R o 5 FRFRE DAL

EECHAIIC LAY fnd=o 9 FBEE (The calculated umami intensity
Y) X 5 IMP &7V I UEEEENDLULTO X HIZEE Y &7z (Table 7).
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Table 7 Umami intensities calculated from the 5-IMP

and glutamic acid contents during dry aging of highly marbled meat

Aged period(days) 4 11 20 30 40 50 60

*Umanmi intensity (Y)|  0.94 0.87 0.25 0.48 0.81 0.35 0.48

*:Umami intensity(Y)=u+1218uv
u:Glu (%) v:IMP (%)

This formula was derived from the work of Yamaguchi et al. (1971)

FREVRFERNOLE 4 HEHORO 5 EHRREITALIIH T X CTOFR TR L&
ECHoT-, ZOZ EiF, F¥ I UBEEGEIFKOA 5-IMP &2 K S E) o
T LICERNTAEEDbNRS, L5 20 HAOHW® H £ IR I IEE B £
g UK o 72, 2o Z BiE, 20 HEORW T 5-IMP AL, Zvg v
BEES EIEEMAITTE 72 ENbmMEBFORENRN b - & IR ol bB 25
Nize —H. 40 BEHOKWO® S FREEEIL20 HHORA, 50 HHOR & HHEEL T
EiEE o7z, ZOZE1E30 HEDOHAND 40 HEDORICNT T AVZ I VR
BEPTMICHEM LI Z &, 5 FWRMEDOHINCHES LB b D,

(4) aminopeptidase FEMEDHEIE
4) -1 HEERTEEDRIE

Bk OWERET X BEE B OB Leu-NA X2 Glu-NA 72 EIZ/EHT 5
aminopeptidase C & HOIERN A 5T 2 &kt STV D (Hilf Nishimura 5
W12y Fig, 24 \R LXK DT, 60 HREEEE L= BV fndod Glu-NA 3R
JEPEIT, LeuNA MG MEIC B LKW E B 2 DD, L& 4 HEHORAOMmEESR
TEMEX, oo B LEdy - 72, Leu-NA ZfRIEMEIL 11 HEDOKW TIE F LT
N, ZDk 11 BEHOKWDS 50 HHOWE TLETH 7=, £Dtk, 60 HHE
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DORTIE R Lz, —J7. Glu-NA 3 fiEMEIL Leu-NA S0 fiEME & R C X 512 11
HEHORTEA L, 11 BAOHENS 30 HHORIIOIT TEETH-T, <
LT, £nnbl® 50 HEOWETHEAL 60 HHDORWTSIZZUHIN LT,
MR OIFMIL, BV OB E T D 75 I U ea Gl T X ) e
DOHIMZHFE LTS EHEE SN,

120 -1
a
100 L
< - 0.8
s & e <
§ o - 0.6 g fg-‘
B3 § 60 5 E
£ o o
8, Z| - 0.4 b E
® & 40 23
> 9 ® Z
s § b N Ve 2 &
5 20 b N ’ - 02 T =
< E.§ c ,2 bc £ 2
c “w g 3
0 0 < =
4 11 20 30 40 50 60
Aging period (days)

Fig. 24 Changes in the activity of Leu-Na and Glu-Na (as determined by
the activity of aminopeptidases C and H, respectively)

during dry aging of highly marbled beef

—t— [Leu-NA - 4- Glu-NA

Incubated at 37 °C for 5 to 60 min with 0.1 ml of 1 mM Glu-NA and Leu-NA
in 100 mM Tris chloride (pH 7.2), containing 2 mM DTT, 0.4 ml of 0.23 N
HC1 in ethanol and 0.4 ml of 0.06% p-dimethylaminocinnamaldehyde in
ethanol at 540 nm

Values with different letters differ significantly; p < 0.05.

Bar in the figure indicates standard deviations.

The measurement was performed four times, and enzyme activity per

protein was expressed as the average of the four measurements.
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4)-2 B LU e BERTEE ORI

Glu-NA L2t D IEMEDMK) o 72 Z & <0 aminopeptidase HIZ C KV & 7E LK
T LD, BB OB T X B4R 1L aninopeptidase C 0D Bk
BEWEFEZ BT, £ 2T, () THM LICEERRZ SN, HRETV, 73
J BRAERR D FFH-H3RKE > aminopeptidase C OIEMEDRE 21T > 7,

4)-2-1 aminopeptidase C @ Leu-NA IZX3 AEERTEM:

BRI LE S aminopeptidase C D A 2 UiEM & Fig. 25 TR L7,
Aminopeptidase C @ Leu-NA (Zxf9 H1EMEIL, 4 HEORWMNH 11 A HORITH
JTRECMIZIER L, 11 HHDOAED 20 HAOBIZHT, EABRALLRE (p
<0.01 ), =D, 30 HEHOWTITFHOME T L, LI, IHMEITER L2260 H
HORTOT R EARAONT ( AEERL ),

100 -
90 -
80 -
70
60 -
50 -+
40 - b

30 - c C

Activity against Leu-B-NA
(umol B-NA/hr/g meat)

ac
20 -

10

(0] 10 20 30 40 50 60
FARE A # (days)

Fig. 256 BARRIZfE S aminopeptidase CIEHEDELL (Leu)
BRI BTNT 77Xy M Tp 0.0l THEEHY n=4
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4)—2-2 aminopeptidase C @ Glu-NA IZX3 A EERTEN

BRI FE 9 aminopeptidase C @ Glu-NA (2% 9" HEEHTH M Fig. 26 (/R L
7=, aminopeptidase C @ Glu-NA (x4 HMEATEMEIL, 4 HHOWMNS 11 HH
DOPINZTTIE T L (p<0.01), D% 20 HHOWTERL (p<0.01), 30 H
HORTHEHETL (p<0.01), 60 HHDRIZHT TRRLWRIGEH DR EF-237
LT,

b = =
£ ()} 0o
I I I

N
1

[
1
(@]

acd

Activity against Glu-B-NA
o))
Q

o (umol 8-NA/hr/g meat)

bd

D
o

©
N
I
(on

o

10 20 30 40 50 60
PR H 3 (days)

o

Fig. 26 R IZAE 5 aminopeptidase CIEMEDZE(L (Glu)
B AT N T 7y FETp 0.0l THEZHY n=4
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4)-3 PEMOEEOKS
4)-3-1 MWHBERRIC X 2BEREE L ERET X/ BOEL

F#58£35 L O aminopeptidase C 1% 60 H OB F, FHIEBNTWDHZ &
MBS MNETeoTo, BERICBT 27 2 7 BOEINX, BHIC/ER T 2EHEO
XL, ZFoRTENOCRTF R, T BASEERSIL, FRNICER
ENDDEEZEZOLND, I T, BWRMEMAEMDORELRE LI25GE OEH
EMHEZRRETT 5720, MHPICBWTORKIC L DBERTEEZ MG LTz,

~~ 4 T
3
€
23
(=]
£
2 b
e 2 -
=
[C]
- 3 ab ab
H 1 a a
a
O T T T T T T
0 10 20 30 40 50 60
BEAH(H)

Fig. 27 BRIZ BT B8 Glu BEDZE{L
@ BMSNo. 5 BMSNo. 7

WD TNT 7y MEITp 0.0l THAEZEH
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PRI T D ERE 7 V2 X RO L Z Fig. 27 (TR L, PRk
BOTHRMBERICE Y 7V 2 I VBESIEINT 5 Z LR 6L 7ol

T 2T BERTETEICOW T O MET 24TV, Leu-NA ICxH S 1EMEZ Fig. 28 12,
Glu-NA IZxf 9 BIEME% Fig. 29 IR L7, WIihh 20 HHORAZE—27(Z—
H EF 2 R U 7o B RTE M & Rk O 2 8 LTz,

w H w [e2] ~
o o o o o
I )

Activity against Leu-B-NA
(umol B-NA/hr/g meat)
N
o

-
i
L
|T| ‘ c :
1
ab,& lll . ab /Qb
|T|
|I| a \I. 1

0 10 20 30 40 50 60
REBHE)

[any
o
1

o

Fig. 28 JHHRFRITHED Leu- B -NA 73 fRTEMEDZAL

€ BMSNo. 5 BMSNo. 7

BieAT LT 7y MNETp 0.0l THEEZDHY
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L N e
N H o)) oo
I I I I

©c @
()

Activity against Glu-B-NA
(umol B-NA/hr/g meat)
o)) [

0.4 b b
b N L
0 T ] T T 1 1
0 10 20 30 40 50 60

R B (E)

Fig. 29 JHPRERIZHED Glu- B-NA fETEMEDEAL
@ BUSNo. 5 BMSNo. 7

BT N7 7y MEIT p <0.01 THAEZEDHY

4)-3-2 WAWMRIE

5T aminopeptidase {EMED B — 7 (3572 575 PR 21T - 72 FEBR T H R
R TOFEMED A P TORT, B Tof LA 280 Lz, 2k
V. FROEWEIC T DEERTEEO I, FRPEMAEMIZ X A EH T
IRUVNATREMEDNVRIR S LTz, S BT, BRI OAEIIE 21T - T2,

LITIZ, &8 (A3), £Z (A5) FRORRUIHE 5 BER OBz MIE LIz k%
R
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AEBH(A)

Fig. 30  B\RRIZHE S BEREER DAL
W E% (A3) @ EB (A5)

FRRICEAD LT, EH D B EEBROMIM AR L, BB L7z, RIS
Bl 60 H H O TRIEIZHML TR Y | BERSRIIZKIC & 2 WO ukm EICFH
B2 [ REMEA U RIE ST, WS O I1E. 2011 EICEGREHATEIENICIZ. WO
MR AR TRERE DS HARFAE L T D LR _TW a8, BURICfE 5 FR oAk
ZALDJRR D ERETH D & D ATHIEIT R, £, ML TV D L iTn .,
WAEMRAEDOEE LTI nini b,

—RERE. DO BERE, TRTICBWT, BB (A3) kv L EB (A5) 0JF
N ME STz, Bk "W U7z Brochothrix thermosphacta 72 E . & F Clg
BHCVER T 2L, BIFGBDOZNES (A5) (2% EF LIz alHerk s H#e
BE, BEEOECHEMOAEBT I ELE 5 2 5 iJHEMENRIE S5 53,

ZDOZLIZOWTIHABRERDIBRNMLETH D,

AREBRIZBWT, —RAEREITHK 30 HB T, »2ONEER (A5) OATH
L, B 20 HHE T, BERHIEAAL 40 H HLAE & bl U T/ & B b Tidd
H1330 HEETHINL, 240 HEORZ, — AR, 2O, B, 3
TIZBNWTHHAD LTE Y FEHAN T 5 O A Z - TV 2 w[REE 2 R
e X7,
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AR 50 H LABE O W T OMAEY OLEALITBM R 2 D12y i, — AR, B X
O ONTRAL 60 H H ORTTl L7223, BERFIZRAER 60 H H O TRIRIZHM
Lo, —MAEBEE L TR O BfR, 38 KOO UL & R O BEfR % Fig. 31, Fig.
32 1T LTz, WEEE T A~ AE, WRHER OAEMEER I L D % R B 55
F OREE RN 7 L — N —DFAEIRE R e B 2 Fio & v, DO STE
Pz T, ZOBRBERMMERT 2 EFERPRMICETEE L TV LlEINT
WD I OREBIZE WD TS 0O U725 ICEEREDSEEIN L TV D 2 &k,
[FIERICDNOD KR TEMEZ T, ZTORBIC I VBB L2 ERBETE
Do Flo, —MRERE LNV LEEBROBEMAZRLTWD Z LG, BEROENIC
MONDOEEL G2 TWDL AR RBIND, ZNHLDZ LIZONT, 5%
BRI BLETH D,

AREBRIZBWT, N, BROEERNT, —RIICHIE SN LY D 7eho
7o ZAVUTHOWNEZRIEICHER L EHEIN D, DRI AME
DHDONREL, PESNIZPORERITARIICEE L TCW b ORfE L
LOLHETE D, W CHIE SNT-MEDE E REICAEE LTV LHMEY
BICBEIIH D LB 26N, SRITARE CREZITV., LVFELLI D)
SRR 5 2 DB OV TRFTT 2 0NERH D ERB STz,
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> 4.0 ®
o | 50
g€ 35 ©
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et X
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Fig. 31 —RAREE LB ORBFR
— AR WMER (A3) OE3 (A5)
BERE15E% (A3) OXEZ (A5)
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Fig. 32 Uk & EERE O BEf%
N/ MER (A3) ®=% (A5)
BERE,[1R8 (A3) OFEZ (A5)

(5) AT HFIENE

@tk 60 HRIRRR L7=FERE D Fnd-A O S OZbL 2R IET D 726, BWrlE
4TV, Fig. 33 [ZfWiIs /) ( Breaking stress ; Bs ) &A= R/ ¥ —
( breaking energy ;Be ) ZHEMH L7-fES%2~9, WS/ ( Bs ) XL
DO—MHDIN-Z L LTKLDER TH D, —F, =¥ — ( Be )
(XA Z A TS OET H O XX —IZFHS T 5, FAIL Bs & Be 23
INEWERRDO LN EE LD, TR FIFORRP O Bs & Be 13 & &% 30
HENZIZ & A BB B NIRRTz, ZD%, L& 40 HEZBED Likx
I Lz, ZhOGOREENORHERED OO LS TR 30 HHE £ Tl
FEAEENET. 2OBD LT HORLLN o7, 40 HBHLAFEIL, Bs &
Be ITAEITIELS 2D Z LRSI,
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Fig. 33 Breaking stress and energy during dry aging of
highly marbled beef

—— Bs = =i~ - Be

Used a toothed-profile-type plunger, the head speed was 1 cm/min and
the pressing load was 200 N.

Values with different letters differ significantly; p < 0.05.

Bar in the figure indicates standard deviations.

Measurement was performed four times on five samples derived from

five Tajima Japanese black cattle.

(6) ‘B RERPMMAFIE

PRI £ 2 BRFHEDOZ L Z AT 572, L4 HEAORNZRLEL L,

11 H. 20 H, 40 H, 50 H, 60 HHDOKE D 2 fILE Tl 21T -7, HHA
X, TR bnE ) T3 TR ) ERoMS | 2 v,
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Table 8 Changes in sensory evaluation value highly marbled beef

during conditioning for 60 days with dry aging

s Maays  Ndys  Ndays  Ddas  Ndas 0y Fabe Pale

¢ £ ¢ ¢ ¥ £ ¢
Tondemess 45 - 48 w43
licess 45 - 4w W

Faor 45 - 4T e 460 on SRR o SO SO o 4w o oo
Imanivtesty 45 - 4w 4 o 5w S om0 w4

<o

d

b
b

Values with different letters differ significantly; p < 0.05

Sensory evaluation was performed nine panelists on five samples derived
from five Tajima Japanese black cattle.

The score of 1: very tough, very dry, with very weak flavor intensity and
umami intensity.

The score of 8: very tender, very juicy, with very strong flavor intensity and

umami intensity.

FREVIFO [Rb bS] OFMEIERA 40 HH DKW E TITd E D Zh A
BT, TOERGBZICFHENE L IeoTe, T ORI, EHEEORE R L —
L7z, 12910 13, 20 B BORZRWTEED o7z, 20 HHOR
O TZHYE] DEBIZED» 722 1%, 20 HEOROK G EEMEN -T2 2 &
kB EEZON, TREEROBS) & 15 FHROME | 1T, 1ZEA LR URHBE
ThHhote, TOMITE S AR 30 B L 40 HHOREIMULOZER A il L < .
ZD% 50 H, 60 HEEM T2 Z EiIck v Lz, 40 HEDOKWO 5 Eko
RE ] NEEEZ R L SE, Glu & IMP &S HE Lz 5 R 20
HESC50 HH SR LENo7oZ & EFERL T,

(b bMnE ) T2 TRBEOMRE | [5 EROMRI | 2RI EREFEAMGR,
M, D FF O EAKEARIL 40 B TH D Z EBPO TH BN E 2o
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4, BER

TR, B FFERIIR A IS ChZ T AN NSO H D, B D FIFA
IZ DG NE, ZHME. O FHREGZATEFROBWEBRIZ XD O E W
BHO—2TH D, LL, BRI 5 BB 27813
RN, EZT, AMETITE &% 60 HIFREMEAL (dry aging) SH7ZFERED
R OB DZEALIZ DWW TR To, ARIFRICI T D RIE. RE R DRRL
BAL L TR DHER & 7p 0Tz, R FROIELEEERIL, REMENZ &3 K
KHBNTND, FEREE L-AIE, L&k 3-5 BMTRRIZE VD LT 2|5
1< 722 (Cambell &' Smith 5 ™), ZoO#kfklL BAHicr e s 7 —EIZ
roTHlEZ &5 (Okitani & ") nE7ziF.Ca® A4 4 (Hattori & V)
WL THIEEZEND, AR THWZERED FoERIL, R HEEE 3 &0
7o, B 30 H H £ Tl REH OO S OE(ITFRD LT, £ D% 60
HHETIZAO LT OMOLNIOEINE L b EHEI N, ZO&kIX
HREFEM 2> & WA E B bor S ve, B FAROMIEN & &i1X. K
30-40% T, MEBHET ISR —IZB L TWD, ZOROREN, FBREY
ML LN bEDE LTS (Ueda B ™), B FIFIE, & &% OB
DI THERDLOLNPNI EERL TS, &% 40 HHUBED X572 58k ki
a7 7 —ER ¥ A A OERIC LRI HOOERHICE b0 THD &
HEInT-,

T OB OZH O, REFHROMBREITR T, ARIF
JETIE, Tk Ao ERERHMIZ 1 2 23X 20 B B ORI Z RV TE 2
mote, —Ji, REFERNOEZIEIL dry aging 16-21 HH2S & EEH ICHE L
LV @Eho7z (Cambell & ') LHAEIN TN D, ZOZHEDOREFDE NI,
HIEMGEEBEVEAVICE I D EEZBND, B FFOHEN& &
T OSSR CHEICZ VL DX, LA U THD (Inoue & ™), bk
DFFICBIT A4 LA VIRERILRIT 50% 2B 52 08BV .. T ONENES
359 20 CTH D, L MEFOROIERELRIL, Z2HEEZ L7075 26
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b, T 212, MBI Z®EOFERE Y FAIFRFEICEE LW & £72 60

H IR L 72 78K 0 Fndeh O ZHAE DL D e v o 7o E HEE STz,

60 MR L72FBE D A0 EREFM & Glu & IMP 2B FHRE L7z 5 E KRR
IZOWTIE, 40 BB EVMETH -7z, 205 EBRBEOEVMEIL, Glu &
IMP 72 D 5 MR OMBEHRIC L Db O EHER ST, B Fddh ol
EAEDIERET X VEEEEN, £ 20 BUWIZOT NTEINL7=2, £ D1 30
HURE, < 0T 2 BRI Uiz, BT X JBEEN L2 &
(TR HZ aminopeptidase C & H 2MEM L2 &ick b e Ebns, K
EBRTIE, 60 HEEK T OER Y fiEOmEEAKH S, WEEEICBIT 5
50 HLUBEDIEHEOHEINZOW T T SN o7zt 2TATh D, MmEEED
TERBEIL fRR T REBETHA S, RERIZOWT, FAERDOZL Parrish
5 1% Smith & VICKVMESNTWS, Nishimura 5 ¥ (&, 11 HRE#
R E TRV AL A AR TRAIC L DIERET X 7 BBOMINTZIEEL L 72
Mol Z EERE LTS, =B "F, 21 BIEBVER LRV A% A 4RI
BUFOWEHET X BEREITIM LI EHRELTWD,  BIES P b, 64 A
LTIV AZ A AR OWERET X BEENIREICHEM L2 2R LT
W5,

AAFFEAER D . AR O S OZALIT ) FHROBSOE L —F LT, B
BT R0 b E iR, 5 EHRERBROR S OFF RN B I, AR
B1E 30-40 BN DEFE LW EQVRENTZ, [E 1% % Nishimura & P2
LHE, 9 FWEIE flavor enhancer & L TOEE N RKEWEIRRTND,
D EROME L EROR S IXEFER T DORE EBEDL Y BIENEEB X HND D,
SHROBETH D,

5, Awmm

BEME (BEF) © 60 HEORMZMIZZDWEELEZRD D, A3-Ab
OREME S 58 CHLUIERA & &%) 40%) 2 XI5 EREHliF X OB L E I E %217 -
7o &% 4 HEDD 60 HHE TO—MAS Ok, MR & &) ORAIZ L D
ZAbIX, 20 HEHOHWOKRGEENEAD L2 EUSMNTDOT M REEBH TH T,
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B 5 2 ST T, MEEHANE I & 0 W ) - = L — & 1230 A
HORE TIIER2L, 20k, Bk 60 HEBORIZT TIREE 72D | BHE
D [ehbnE ) LR ZR LTz, BREMO [ZHE 1%, 20 BHO
WEBRE (LB A LN -T2, 20 HHOROKEIL, KoEEORD L5
LT,

F7o, BReaHiioo TEEE] 5 EHomms ) XEEm%E<L, 30 H, 40 HHE
DR TEMZR LT, ) WS ERIL, BRI L, 72 vk
GIFEE A EDOWERET X BREITRURICHEWNEEIN LTz, X 2 U EOHEN
\Z%F 595 aminopeptidase C{EMEIZDOT N TH L2, KIEETITEAF L TE Y,
ZOFEFL WERET X BRI L DS TV E W S B SRIE S iz, 5-IMP
ETNEIVBERPOHEINTZ) FHRBES, 40 HHOW THREL L,
BHRERHM D 5 FORGRE & —B LT,

VL EDOFER NG BREMEORMIAAMITEE - 5 FHROMEMAZE L, 40 H
B3 b o & BRRBRBR TH D Z LRI,

6, ZH

FElE 0 o L 560 HHAMIZ L H5WEDOEESHT L, REWEERRDLA
BOEER LT, BRVAFAOSLODLNEIE, #ykd0 BHETIRFEALE
DO, FO®RRLIZ60 ABICET TEHIL L7z, RO OHMNIL, BHERF
fili & BT R ORE R & —B L7, BREFHNIC X 2B RO LI X220 B E
DREFRNTE0 HREIZ(ER A B2 h o T2, BREFHlid L UGIuk & 5- IMP&E:
ORI D ERRE T4 HFEOHRTROLEE THoT, ZOE W)
FURIRE L, 5 FHRARD THDH6lul 5-IMPOMERICLD LD LHEE SN
Too RbOLMNE, it 9 FHIEER LORBROR S OFE NG, B
O by R BAABIRIE 40 AfTH D L HEER SR,
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RACE

AHFFETIX. FROBRICHELZ MITTER E LT, MEJE, BEEE
TR WAL 2 ET LT,

ZORER, B 1 BT, REABERERDHENVAZ A FEin— AR T,
Y NAT RN — R M X DRBEFIENBREZ REIc 325 Z EBA LN E 7
oSfz, MATEELZITHRTLE LT, 77 AF v —NREL Lirotz, 7
7 AF v =T BRAB RO S OB & &R, & B ROBMES
NEE L, F7ZRILATH> THIMEAFIEIC L > TEHERE LIz, 20K
B3, BWMEICKREREEL XL LRGN ERoT,

UL, SRR 2 REMFONTIE, AHRFBICER O RICH S X 2 MR
Wag (v—=7 V7)) BEL DD, WO FRIZHE LA LA SRR Zni
DRSS Ty AR MEVRES RN Z S ix k< mbhnTnb, ZoFEREY 4
PHT L BN DT TIZRD LK. ZIHEICEDLZD, ARSI LB
RRICBIT AU BADOREERETH AR OBILIZITERKL TWRWE S T
HoHMW, AREZRET D) AT, RARRBRERTHD Z LB HER SNz, £
LT, D EWRMEDE <, BBED B WEESNBGREE N £ 0 Z E BB E
ol

%2 BT, FHOIBIHE ENEWEIC KT T EEL R LR, IBIE
L LTH 36% 03k d 9 EMIMEN R <. BRI REIC/RD Z L 2B b2
THZEMTE, TN RITHIBEMIEENZ L 25 & R OEIG B EA L.
5 FRECTIRE SRS T 5720, S LhWIETFIcioTLEN, F
WOBWMEME T T2 2 ERHLNE o7, &2, ZHEOH DK &
FEOEIGD 35% WV ICKZANRHY . L EOHIENE &OFRAITE-> 2 &
WU D EbaRENT, BIE, ENTIE, RO &S TUEEWIEE, G
DEEATTHIENR D 5703, Tha lET 2 ERRENS Lt L b,
2 E DRI E L TV 2 o Tz,

%3 E T, BRWIARL (dry aging) 28, RURMEICKIETTELZHRFI L, B
EMFRTIE, BRMEREWGEE, LEEZORTHIO MWD, BpkE
VEL LW ERBDNo2b Ly, LavL, B, BREMFHOLGEIC
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HEBEUE IR THAZ 2R LT, £z, 9 EHBEZEBETH & 30
—40 A THLZ L ZPOTHLMNITH I ENTE L, BAD S ERBEIL,
BHRAOOFEDK L FEE L, BBROLN D IZHERT 5 Z &R LS
TW5, BATIE, B2d 5 TS 2 FLLEFET D Z LIk D HEDE
IZX D D EHBRE IR I D, EH L0 1 O TR I N0 D IR
JEOFRBUIL, BB L OE V2 I VIREEDONT UANREICEETH
Do MENTUANEBETHLINEWZIE, BiEIT ATP O TAEL LD, K
FPRAR S 2 & IMP &34 5, — 5, R v 2 < i, BUkcoai
AR CEEENME K BN LE T, BRFRICR 2T E8MNT 5, Thbb, #ifit
21FE IMP &%, ERMRRT 2IEE IV E I VBEITIHZ D Z &0,
FNENDFERICL s TRIESND [ FHROMFDIR ) 12K D5 ERIRE
Db R < 72 DR HIN RHIFARIC L 2 BEMFRNORBERMEZ REICT 22 &N
HirsEns, TOLI R enb, BRHERICK 2W 5 HRMEOZEIE, &
WRMEAZRET 2 )X CTHMO TEETHDL Z L2 RTIENTE,

INLORRERET DL, ROBREDORWFAZREMIT L 72012F, 7
JAF X — LW BROTRCEMERELZBEANRFRTHY . HIENEEN
36UFEE D Ao SN2 M2 3 H BEFAFR T, 220 40 HFEEE O FE 72 FARKL
Bo~tzth, PHEHREN DL FIZLWE Y OF 59 5 BERFHERE TE S h
bDOThHD LRSIz, DREOFRITIEMZHERE DM T 51E & RV
fHFDOIEE L 72 | IEFRITES VA S EDS B VAT OFREICINbh > T
L0, T E LRI —Z0RMNEL Z ERHLNER ST,

KIS THOLNIHERIT. BADRET 2REMFRNOREET LN LIZD
DThD, Fio, TOWOFEZEIED LIZRHBECRE 2 325 2 & Tim DR
WEAETHRANZREMIETE L AR LI EWVWZ D, TIUODHIRZGITFH
AT, HEFNOEM & L ToMiEZ GO, tEOFRITERZ 27200
WNEOFEL TERGBEDRHMA & L TCOMMN 2T 5 & & HIcs By ST
NREBFRECEHBLMEEZREL) DI LN TELIEND, HARADOEGEEDRKE
b RN THREIRCE I EMEL TV D,
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AR SCRAE DB

AR ORI L KIETERICE Y 55

(Factors involved in beef palatability)
% 3T F

OREORARACIE, SEORSRH Y, WEMATRE (Fud) | fLAME (EES
) | RHERE (F 1) Land, TWEAR 13FREEET L B CHE S
nNTWabo, TILHAE) IEERE ORIED TH D EF2WETICIES L
b, TRMERE ] (THAFOMEIC AT REOR 2 #H &b, WEOm Lz X
STEbDTHDH, WTNH 6+ AN 12 » A biEEHE 25 S, Y
20 7 AMB 30 y AETIEE S EE SIS, FTH, BEMPFIIHANICIEN
WERT 2~—7 Vo 7OEERE L WS ORAFICHE L, )51 < T,
BAMEDR BN E W FFEAER LTV, LML, imFoREOEERE Y
2 RPUTIRAN T, AT UL 26 412 6. 2% D) f#EEEE D 2. 8%
BB | ABREAEFEEISARREEE W E Trans-Pacific Strategic
Economic Partnership Agreement (TPP) ®EAIZ LV £ F I HEEIZN /=31
DIRFZ LD RN EZZ DD A%D TPPIZ X DA FROIEINZ BT,
EEEFRNOWE &R 5 7o Olid, EEFNORHEE HET 2 LRI, 2
AED LTARAFTE ONZIRBEFIEZ I OGN T2 2 EDETH 5,

INETH, FHOBWMEICHEL LT TERICET 5% < OFFER RS
TE T2, BEEOREICRE BT OHANBILER, L &%DORA
i &N T EEA] & Bk & O BEEME I 3ORTEFEMIC RS S U TULRYY,

Z 2T, KX TR, FROBMMEICKIETER E LT, MAKE, 4RO
NEWI & &l NS RMIBRAEE Z B B, ZEOZER A BRMEIC RIE T
B AT RV REREAL TR 95 & RIRFIC, FHIIE H (B9 5 B - (LR
N+ 2HE L, BREFHmAT AR & OMHBIrEZE5 Lz,
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B1E MRAFEIFRAORKREIZRIETZE

INBGRERFVEDBEIC OV TIE, WEDERNRE S SRR AEE DT
AU T OYLHAMEDEN The complete meat cook book” ZZHEIZ LT, B
(20, EARRRIBERL (7 —X b)) LI AARTS B & 7o T 2 i EE IR
Mt (77U V), —HFAKRIZBITLZTERLE, LesSlosvd—nr vy \Ils
R 7BEUNEL (ER) . KREFAFIC L EON D2 HE Y A7 4L L TKIRE
R (E2HRIEFER) . S DICKETOMERE (BE1Lrry) 52500
gt AT

F9°. HEAEO R HFERNOREMEZ B RERME L7z, [ UEE2 AT,
MBIt D 7 v v a A HIEE &R LOUKSE &, MErEsE, SRE% O
WHIZEEND I EWEWME (/v BRETNZIVEE) OEEEZNEL. B
REREAM#E 2R & bz L 7-,

FTOREFR., ZJUVNLHBELE e —X B TIZZ vx o7 a2l 5%
RN RN Z Wz it & <. BREHiE S mVMEZ R Lo, FRAGH R
FETOFHTHFS LWVDHETH > 7o, BEZERIRFABEITILHO O <, 5 EHRM
FENE Mo T2, FY CEHMBENME» - 72, B L v PHRBEIIERR T X <
MEnsh oo el LaHiE ™ &2~ 7, £, 7V ke —
Z FRHIC X AT, BEBRREICRB WO TH, 1L, 230 9 EHEME D
Kb DR NWZ ERALNEIRST,

INDHOERIZEY, REROMETIE, 7V Lk —R RS4RI
BFOKGy - BB K Z/NSLSTHZ BN ERY | RO G NESE
EDOFRIEIT2 0 5 5 Z LI Lz,

ke={11}
=]

B2E BHEENFHOREERMICKIETHE

FROFTH, BEMFORITEEGENE . BWMEICKRE 8% RIT
TZENMOBNTWD, ¥Rz, MBS E0EINET 7 AF ¥y —%2%ETH D
DEEZBND, BFELSEINAFROMIEN &8 Tl 50% %8 2 5 gD
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HOFETHESILTNDH, BN D R FEE D FAONEN OmEY) 72 &%,
FaimR STV, £22 T, AETIE, BV ENFRO R LIE
TREZFT, REGEZ, FROBEREATENT Z N TE 57 U L
TITo 72,

FERTI, BHE SRR L ORERE 2 5 E B U7 R ORBR . #
R 4% 2-5 CHLIENG & & 24~49%) @ 34 BEK Y, %54k 2-5 CHLIEN & & 8~
25%) DAHERE 27 A VT, 7 U VEIREE L 2SR OB RERHMI A2 TV, BE
R E L OWERNE & OF TR &2 T o 72

ZORER, MBI BT, WEFHMOLHOLNE, ZiHE, Eo2 &
AHEIME T, £, BHEOBINIAKS 2 K& LT ERFICETOX v
NRIBEEEWO L, I EREDEEZWO Lz, Ll Kbz oz
HEBIO) FHREADEIT—ETh o7, IEIHIL D ERRE & BN S L EBE
IR L, BAEFHI A mD i, RIS ®ICITE &S H 0 A& ik LT
R 36% DB EBWENEWZ EDRHLNE T, . R AORTIE, M
NEMI G EDS 26%LA T & oizicd, BIEED B & & b IE e E A
mLl ot

BIE EHHRRITFRORKIEICRITTEE

BRI, EEBRBRTES SN0 b, —ENICiE, SR0EdD 5 W\ ITHE2E
ARSI, WD L IXWHRTFE SN %, HEFEICE > T D (Wet aging) .
—J7. BRI, —EHIEKIR, IR TR D Dry aging MLERE L7124
Wb d D, FrZ, EfBEEMETHAEEFORNOAIL 60 HREICH L5H,
ZOHM T OREZEITH LN > Ty, 2T, BRI oZ
bz 570, BEFEMSH DT T 5 HHICONT, EE 4 HD 60 HETO
HHREREM 21T o 72, [ U E T, 9 R 0T, BRIHRNE 217 > 7,
S OIZHEREY X AR O 2 50029 572 aminopeptidase {EMEDHI
EHIToT,

ZORER, FFAOBERETMICL D [RhbbhE) X, BEkBIEH, K&z
BT beno Tz, BRI 2WMERIE TS, WS - B oL ¥
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—&HIT30 HETITEMRRBD Lo Te, Z0%, BAK60 HIZHT TIK
E& 72 o722, BRI ~OFEIIRD bienoiz, BREHlio 1211
X, 20 HZBREE(MAHDNRD o7z, 20 B OREITK D EEORAIZL D
EHEE ST,

BHREAHM D [EBE) & 19 EHROMBE | (XEMEMZ 7R L, BAEICHEVIETR L
3040 HCHEMEZ R LT, WD D FWOGEED O B, A ) ¥ VERITERKIC
KOWAD LD, TV EIVmEEIFEe A EOWEBET 2 /7 BEITABUIHEN
W L7z, BT o7V 2 I U BREOEINCIL, BET57 ) XTFH
—BCIEMRHFG LTV EHEESNT, 4 /U BETNVE I VBEREND
RHR SN D FHRRE D 40 A CTEMAZ R L, BhERHIiO o FRIMRE & —H L,

U EOFERNG, BERMEORNOSLDL DML, BRI FIcE b L7222
D, JABRA IR S5 ) FRIREE A RV 40 AR REERL B TH D 2
EDRBMNE RS T,

U EXD | FARORBRMICHEZ KT TER 2 LR R, R ROz
TlE, Z U Ak e —A MR FRINERE DKy « B OBEZ /NS <5
ZLEBHLNERY | FROREMESEOIRIEIZRY 55 Z LA LT,
Fro. BUZGEE O SR TH MR TIE, B ERICEERH Y . 9
36%D L TR BEBHWMENELSRDZEPHALMNE o7, BT, WERIE
Wizt A4 2 BEBMEORN T, SOOI, LHEEDE S, A
P LN 2 &b, 9 ERIBENA @ 40 AR R 238 B TH 5
ZENHLMNEIRST,

K X THR O RIT, EPEFR ORI TN A 1E D) LT RAFITIEIL TN
FBEITVEDRFINZ D72 b EERT & 72 L RRFZ, ME ORISR Z 72720
DEOFE L EERFEYE & B & U TOMN 2 ML D720 DR 2 e
Lo2bZLeEBERD,

&

89



Summary of doctor thesis
Factors involved in beef palatability
(FAORRECHEL RIETERICET 55%)
Fumiko Iida (8% FH3CF)

Beef cattle raised to supply our country’s meat has three types of
classification, namely meat-only (Japanese black cattle); Holstein (domestic
steers); and crossbred (F1). These types are respectively cattle bred only to
produce beef; Holstein steers that are a by-product of dairy management and
are fattened to produce beef; and cattle from crosses between Japanese black
cattle and Holstein bulls. In this thesis my focus is on improving the meat
quality of Japanese-produced beef.

All Japanese cattle are fed for 6 months from age 12 months; they are
then fattened from an average of age 20 months to 30 months. Therefore,
compared with overseas beef cattle raised for meat, Japanese black cattle,
especially, are characterized by marbling, in which fat accumulates in the
muscles. However, the situation faced by Japan’s dairy farmers in recent
years is serious; there was a 6.2% decrease in the number of beef cattle bred
in 2014 compared with the previous year, with a 2.8% reduction in the
number of breeding farms. In future, many cattle farms will be faced with
the predicament of needing to comply with the provisions of the Trans-Pacific
Strategic Economic Partnership (TPP) Agreement. If the amount of beef
imported increases under a future TPP, it will become important to highlight
the features of domestic beef from the perspective of methods of preservation
and cooking in order to maintain consumption of the local product.

Although there have been many studies of the palatability of beef, the
relevance of the intramuscular fat factor, which greatly influences meat
quality, as well as aging after slaughter and flavor, has not been reported in
detail.

Here, I examine heating method as a factor affecting the palatability of beef.
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I look at the fat content and long-term aging treatment of beef. Whereas
analytical sensory evaluations have been used previously to determine the
influence of each factor on palatability, I measured the physicochemical
factors relevant to evaluation criteria. I also discuss the relationship

between sensory and instrumental analysis.

Chapter 1 Influence of Heating Method on Palatability of Beef

The Complete Meat Cookbook, one of the most popular cookbooks in the
United States, provides information on selecting a heating method. My aim
was to clarify the taste and texture characteristics of Holstein loin meat
cooked until it reached an internal core temperature of 60 ° by using
different methods, namely grilling, roasting, poaching, vacuum-packed
low-temperature (VPLT) cooking, and microwaving.

Cooking loss was lowest in grilled or roasted beef, whereas it was
highest in microwaved beef. Moisture content after cooking was highest in
beef cooked by the VPLT method and low in beef cooked by poaching or
microwaving. The fat content that remained after cooking was lowest in beef
cooked by the VPLT method. The breaking energy of microwaved beef was
the highest. Beef cooked by using the VPLT method contained the highest
quantity of total free amino acids. Sensory analysis showed that grilled or
roasted beef was judged to possess greater juiciness, a more desirable odor,
and greater umami intensity. Beef cooked by the VPLT method was tenderer
and had greater umami intensity but a less desirable odor. Microwaved beef
did not receive a high score for any of the above criteria. These results
revealed that the differences in sensory properties of cooked beef loin were
caused by differences in cooking loss, water content, umami compound

content, and breaking energy resulting from cooking by different methods.

Chapter 2 Influence of Fat Content on Palatability of Beef
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The meat of Japanese black cattle has a high fat content, and this has a
great influence on palatability. Increasing the crude fat content is especially
likely to improve texture.

I analyzed the sensory characteristics of meat samples with crude fat
contents between 23.8% and 48.6% that were taken from 34 Japanese black
steers. I also analyzed samples with crude fat contents of 8% to 25% taken
from 27 crossbred cattle. We grilled the meat and subjected it to analytical
sensory evaluation. We also measured the amounts of moisture, protein,
nucleic acid, and glutamic acid.

An increase in crude fat content increased the tenderness, juiciness, and
fattiness in the meat quality evaluation. An increase in crude fat content
reduced the crude protein and moisture contents; it also slightly reduced the
nucleic acid and glutamic acid contents, although when the reductions in
these umami components were assessed relative to the moisture content
they changed little. Increasing the fat content up to a certain point greatly
enhanced the umamiintensity and beef flavor intensity in the meat quality
evaluation and raised the overall evaluation score; the peak appropriate

crude fat content for these purposes was about 36%.

Chapter 3 Influence of Long-term Aging on Palatability of Japanese Black

Cattle Beef from Tajima

After slaughter, beef is generally air- or vacuum-packed and refrigerated
or preserved by freezing before being passed on to consumers. (These
processes are known as wet aging.) However, boutique butcheries are now
selling beef kept at low temperature, constant moisture of about 80%, and
wind circulation to surface of block meat that has been dry-aged for a fixed
period. Although Tajima beef, which is produced from high-quality Japanese

black cattle, 1s aged for 60 days, the meat quality changes during this period
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are not clear. My analysis of the quality of highly marbled beef during this
60-day dry-aging period after slaughter showed that the changes in some
qualities differed from those of conventional meat.

The tenderness of these meats did not change during aging for 50 days,
but thereafter it gradually increased until day 60. The juiciness of these
meats, as determined by sensory evaluation, did not change during aging for
60 days, except for a decrease on day 20. The umamiintensity of these meats
in the sensory evaluation, and the calculated glutamic acid and inosine
monophosphate quantities, were highest on day 40. This high umami
intensity was induced by the synergistic effect of umamicompounds such as
glutamic acid and inosine monophosphate.

These results for tenderness, juiciness, umami intensity, and flavor
intensity suggested that the best duration of dry aging for highly marbled
beef was 40 days.

As mentioned above, as a result of examining factors affecting the
palatability of beef, in heating lean meat it became clear that grilled and
roasted beef were judged to possess greater juiciness, a more desirable odor,
and greater umami intensity. These findings could form the basis of an index
of the optimal heating conditions for beef. Moreover, in highly marbled beef
from Japanese black cattle, an increase in crude fat content increased the
tenderness, juiciness, and fattiness in the meat quality evaluation. An
increase in crude fat content reduced the crude protein and moisture
contents; it also slightly reduced the nucleic acid and glutamic acid contents.
Increasing the fat content up to a certain point greatly enhanced the umami
intensity and beef flavor intensity in the meat quality evaluation and raised
the overall evaluation score; the peak appropriate crude fat content for these
purposes was about 36%. Furthermore, analysis of highly marbled beef aged
for between 4 and 60 days showed that the umamiintensity of these meats in

the sensory evaluation, and the calculated glutamic acid and inosine
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monophosphate values, were highest on day 40. These results for tenderness
of highly marbled meats did not change during aging, and flavor intensity
evaluation suggested that the best duration of dry aging for highly marbled

beef was 40 days.
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