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E1E #B

hx0ERE

71 % (Diospyros kaki Thunb.) (X7 % / %%} (Ebenaceae) » ¥ JE&IZJ® L, TE, AKX,
BRSO LTV D. BXRBICIE 400 B OEMBFHETHESNTNDRE, £0
2 ATEGHE - BVE IR IC oM L TR Y, X0 XD ICEF-IERIC oA LTV DR IT
< e, BV - AV HIRIC O L TV A I X BEMICIE S EOREN LV, b
XL —HONEERLEFEZRE, BEAERASHEARTHY, TXITHEOBEEBEE THEE
PR R LB 2L D CKER, 2008) .

X ORFEHMIIPEEBCHY, PELEEERHB LT, BRCERLEEEZLN
TWo (KA, 2008) . THFR] X TEAREL] ICEIHASCAL E L THF oK
W DN, HxERME L TR LRNO IS TREM4A ] (918) & [Fi4
R (923~930) ndH D (i, 1948 ; (L, 2013) . £7-, FEREHEROEHOK
HMOMBZ2 G2 Lz HEEX] (927) IZHELOBICA LML T Lty L LT
Lk STV CKk#k, 2008) . ITMHIFEATFOREKTHY, BHFORS HWVIR
SRNTAR I R B A A A (BN RRAX) FEDO “fMERL ThoH. “fFEA
FAREEF TS (k) THY, HATHEREHRRE TRENRZTEITTHo 2. —
Ji, LPFRERET, BEHFTFELLTERLALN TN DI RRBEFITEED
A ThY, ThABREHTHEI LN, MTORRETFOAREZEE VMM e ML
et MEIME TN (LE, 2013) . 2, “BA° I E R BRI A
(BEET) BREORETHY, JBEEFT XA Tz, 1898 4F, I RIR RS
TROMVFEBESICEEFIARY 57 o4 LML T -SHERY, Z0%,
1903 7, BHEGARFABGRZHMEELSRICAEMETHL Z 2RO LN, 2H
WCHEENIRE o7 (B 1I8EIRENEMAERSFEITEZES, 1980) .

HAxEL&kAx

AXITHEE, BB LORRNOBEREIC X > T, 582 H 7% (pollination constant,
non-astringent : PCNA) , 5E4#: 7% (pollination constant, astringent : PCA) , F~5%E4E
H % % (pollination variant, non-astringent : PVNA) , R5E4#: 7 % (pollination variant,
astringent : PVA) (23 X415 (Hume, 1914 ; #27, 1946) . & 1 RIZRL1Z X H 1T,
TSR TXFITHERBREDE (T T AT ER) OER - EEEITEBMBICHEL, *
NSO FITHEBEREWE (T2 T AT ER) PAERK - BETDHZ EICL - THE
5. ZORT, T AT FEOERPHMGHICEHWD b OR ATV X, M
KENZIER NS DB ARERET X, FEAEER LRV ONERE T X B INT
Wa CKkFR, 2008) . EAHATXIE, BTORBECHLIPDLTEEREN LV EITIE
b, B, RREKRICOPEOBENAELL2bOTHY, ‘BA X WA



RENDDH. BEETXIE, HEITrOFEIIPOLTEHELLEKEZAL, BBIXALT
BRNbLOTHY, R R EBRE RERDDH. AREHITXIE, ETrRAERIN
HEZOEMICZEDHBBMPAELC TCHIXERDIN, BB DR EEDORNE
SICENRELDOT, HENRAE X HMEL RENRDHDLH. RERETXIL, EHT
DFBHIZOH DT ICBEENEL D0, BEOZNVEHDICELLERKOH D H DT,
CEEE S CREHARM RERDDL. AREHAXFETE N TELIERAICSE
DWBBERAE L D70, AEIIHW. E2FTXF0o5b “BH IETFHEEEZHA LT
WHTD, TR LZWVIEERNOBHEOENE L, MAREEZA L TWVRY KA
R P X VRWEITHS RS (LE, 2013) .

&!ﬁ

BRERICETSAHFHBORKRE S UVRE

I B B oD 7 - K5 i FE 1L 1,340ha TRE4FH TH D (RARKFES, 2015) . HAF
FEROEMTHY, HERO MFEMESKIL I AFA~10 A EAICHF D FEAREAE,
10 AP~ TaICHm SN “MARAEAR, 11 A EA~12  EWicHmEnsd &
£’ Thole. L2L, FEEHIXTHD "W EA TEEPBEALLT VW &
RRADBELS BERARTHDLZ L, “RARAFR TRHEKMELPBEELLT NI L
Mo, MHGFMAKTLCEY, TFE HmRAE oRFLEE LT R, R
ARAER ORPFLHFEE LT KK AEAINLTHD. "B ImREAEDTELR
HAHFELTIOAPMANPSOINENTEX D2 L, REAITFRL, BAK T~ TN
EFEAERAELLRNZ END (WAL, 2004) , HHFEMAE <, &HEANTRE SN
TWwb. LiL, “WHREAE LV bARFLMENEVWZ L, FABERREIIKTTS
ZERBETHDL. KK FHEOELAHIFITHY, BROENTND Z LMK
KO TH D (IR S, 2001) . ZOFREIZY 727 L LcgEICER L TEBY (1L
B, 1994) , Yo7 BV 7 EEAENPLTRTCHIEOBENERETH L. o, KRR,
1998 “FEHN D, TN MB X OFERBEEFTEICHIST D20, BNTHE "B I
WMOMATHND., ZHRIFEFHED 8/ oOWMmET%R, 12 Ahaictsd 2. #
ETCORBHMENRENTZD, BERSWRERE/EL TS, ZOBNTHE 'F
H Db, K&, WE, RaPX - FEoRXELZHZLTVWI b 0% TREM &4
fiF, EEREO Ny 777 RELTHRIELTWD.

B RIRFEO I X TPRBLIORETHSELPLICHALTEY, ‘B BT
L ERTREETHSORPEOR 92% %2 HDTWD (L EER, 2015 . ZIEME8
RIRPTH DA, WRMEBITEEXL TS, BEERNDRVWETYH, REMKIZ LS
Y, DXOFEZOLONRPHLLTVLHEEZE2bND. ZOXSRRKOF, FH
WEREHDF—T—FO—2LLTBWLEIDRZDLD., IXETTEHRL], EYeEko
HEEREDNFENTVWDIHICEBNT, HEE=—ANEL, FEEBEOMIML TV 25 i
HmrdD., 7RO vy A~ AAy N, Vrdo YF )AL=, FUD



CHhESET, HUXVEHO HED RETHY, INOHLO®XBRIZTEENENT
WsZeThsD (hH, 2014) . 22T, IEREBEIZEWNTIE, #7927 EE2HFLTH
L KK, BT T RELTCRHMiomWIEENTRE B4 REBKOERLTH
HEMOK VICERYEALTHS.

—BIC R OB VL SIS R, R, AMEBE R, FERRL, B, AR, K
FERENPOEREIN TS, LoL, IFRECEEN TV EHE (Ei27 =,
Uy amE) ERTRAMTERWIEEDL R W (20 - Ak, 1988) . /=, h¥FE
DHFEFIZOWTIL, FHEEME D OFRE (Horvat 5, 1991 ; F 5, 1996) B REFFEAl (Lyon
5, 1992) OHMEITH LN, FEVEOLONHL, TOMEKY R ST HFoMHE SN
TR, 26D EnD, PXFREOBWVL SIS ECHMERZR o ik,
ERXREREORNEICL - TREEND. BEEPHMEKIZOVWTOREITZLHY,
Wk - [iRE (1984) 1E, HAXB LT X 1I8MHEOREMKE T A7~ N7 T 7 4
—THELIHERERE L TWD. ik - /NE (1987) 1%, “BF BIO® HME
H ICBWT Y ainfiEEo > ThoHA X —EOEME LMK E OBRE
WMELTWD., A XN —BOFEME EFITHWKOEMIZERLZLEEBEZO6NATWNDS.
EB5 AZ (1990) 1%, HAFBIRET X 6 SIS 2R 2RBEHR O & A
VRN E—BIEEE ORI OWVWTHE L TWD. e, MEER EHIFE LT, A -
BH (1982) IXERME, MRS (2010b) IFERELE L FERFEIC OV THRE L T
W5, LoLl, RREESLEEZEFAELLIBVWL S OFMOBEILD 220,

AXORHREE
AXOFRWEEICITMEMAERR SV, “WHNEA THE, CEE&E L KK
O WRETH D (LE S, 1998) . F 72, FREIIHE > TR A EEE LS 2 < 72
L. N, X (B2 TXFBLOEIFATFS A TODARERETX) FES
BRI ENTEDLN, BIX (R2ETX, AEESBTIBLOE TR+ Ao
TWRWARZERETTF) IIBBELR2VEES TRERDZENTE V. AT
IR AT APLEEIERL T v a — WV BBIER ERH 0, Wb B A%, B AR R K
TT5 (b, 1987) .

— W RN E TR EMEEFIC Lo THESINRD. LML, RE@EEFIZTT
Py EBEALERORKRKEANZHUNT 720, ABMEMRE L T s 3, [F
— REEZREEAICIEM TS 2 RN TE ARV, FEMEEE S LT, Abbott 5 (1968) , Finney
(1970) X, WEZFHL CREOHMMEZNET 2 HFIEEZHB LR, #EXot
P CTIR#BAZHBE L TW/=., 2T, Muramatsu & (1997) %, FEfREEI X OVFEREfilis
ELTC, RECEZRBERESZEXLROEHE L —Y —Fy 77 —iE&E (Laser
Doppler Vibrometer, LDV) THIET 2 HFiEZHB L. ¥ U A4 7/ —> (Terasaki b,
2001b, ¢) , Y= (k 5, 2004) , ¥4 I 7 ) (Murayama 5, 2006 ; Taniwaki



5, 2009b; Terasaki &, 2006) , &% (Taniwaki &, 2009a) , X 7 > (Taniwaki o,
2009¢, 2010) 72 EICBNWTC, HMEBEICL 2 RABESCEXEOHTE 2 ENHRE IR
TW5. 51T, Kuroki 5 (2006) 1%, LDV iEZIGH Lo 5 E8IETEIC X 2/ HE
LEEZABEL, P~ M ATAZORNBEEHE (PEH S, 2008) , B3IV F DR
AHB L ORAERERE (TS, 2009, 2010a, 2010b, 2011) , 7 KU O fFEIC
% A OB REE  (Takahashi 5, 2010) , =K F U ORERE (BRKH,
2010) , 7RI FoEHEBE TR (Koo s, 2010, 2011a, 2011b) , F—r D
ILFESRAE & Tl (K - #H, 2011, 2012) , ~ > 32— O FRMEEHE & SERFF (X
= « B H, 2011, 2012, Fumuro * Sakurai, 2014) , 7 X OHEHEEE O RERE (KL
5, 2013) , EX Y OUHEEESHE (Fumuro &, 2013) R ERHESINTND.
DX, BEBIERHEICL T, F—REZIFEMBE TR TE 5L 91
720, ZLORETCRERABELPIALNIENTEL., LML, IXFREIZBNT, &
FOBENEDBRESEEZEZERBLEZMEIZIZEEAEITDA TR,

HhFEREORR

AXOFEICENT, URNTAEPBERREZIEREKE S TWER, HHAE,
WEOHEIZINICL > THAERHY, EHbob TRWRK] T EAMESITHNT
W5 (IE, 2011) . EEE KK BIREPHESEKL2WVWRTETH 50, BERITENR
TWa RSN TS, ZOERKIT, REAY 727 &L T0D 2L (IR, 1994),
BRSO LIIHEMEARRD L (BWAS, 2010a) RETHDL. Rl L LK
BEREFISETOIFICRRVHLRRETHY, SVARER/RTND. 22T, 20
P H 7 EOFESLIEBFEFMIT D720, EEMRFMFERLE LR TE .
— A e BEFEME L L CERRBRAZ T ObIL TV D2, F8M a3 b IR E T
& % (Taniwaki * Sakurai, 2010) . FE7z, H&HE L LT, FERITADRANTTHFICHE
T rEE~A 707 3 THBIT 5 HFENPHIE I LT X 7= (Christensen * Vickers,
1981 ; De Belie &, 2000, 2002 ; Drake, 1963, 1965 ; Lee &, 1998 ; Seymour - Hamann,
1998 ; Vickers * Bourne, 1976) , fHEAZDO KT W &, BHMEOL W LR ETH
7. #FZ T, Sakurai b (2005a, b) ¥, Yu—T7% P U FINNICEANIE, FORIZ
AT LEBIRSHZ 7 —T7 LA M OMICHRATZIEBER F TR T 2 &N E L
it (Acoustic Measurement of Crispness, AMC) Z ¥ L, [T ¥ — 73 AHEE| 2L
STHFav IRV FONEMEZAT2. DK, Tmmwmbem%)m,%ﬁ?—
BaZ )8 —T<NVFT7 40 F CHEHERERI 2T TEIERL 2. £ 0 &KIER
(TI : Texture Index) 12X > T, % F (Kuroki &, 2008 ; Taniwaki &, 2006a) , % ¥
~Y (Taniwaki * Sakurai, 2008) , & 3 77 (Taniwaki &5, 2009b) , AAF (O
#H, 2009 , 7 FU Cafb, 2010) 2 EOBENMARE SN TWD. TDOK,
Iwatani & (2013) (%, REBRHELZ)EERE 2o MEE L FICE 2, =X LF — 8K



FELMELRMEECTEREL, 240 CGEFLH, 2011) ORBEFMHIZOVWTHE L T
[ARSW

WX OAEREMAFIET KK oV sV EEEEFMT LI THLL, AER
RV BRTCEBRE R ENL Y I VKO EEFMAER RO LN TE . AMCIEICZ X
ST, VLT OHERDWORAKBERFME N TEn, KK o sV 7@EiTER
FEAN & AL TV AR,

W EREOKERF

RN —FOHEBT, AFLRAETEHOVWEINTE RN ETHY (A%
W EIE AN PR R EW S, 2015) , BRFLESIORERFOBIDEEREXDO K E 2
BERDO—DIZ7>TWbH. BXOEEIEKR, FRARTEEZRK D ZDICIE, BEXEHOBW
LWREZMRETHELEHICHERFIZCE T LWREOHBHMZIEKT S Z
EMEETHD.

INHEZRIC X REORENEATL2ERICIE, REAEROABIMEN, REILOK
AR, WMEMCX DB A ® S (L), 1970) . ABEERICIZREELD O b
EH5b0EFMIETHD. IPXFREOHMLIZITZTF L UREDboTEY, =F L ARk
B LTEZLoFENHD A S, 1991 ; HH 5, 1969 ; & H, 1982, 1983) . M
Ko (1986, 1994) (X, “FEEE 2BWT, 7ha— UREABEICLY =F L o4&
AR ED &, MELBICIYVBEZO T VU ERNEET I ZE2®REL T

% . Nakano & (2001) 1%, ‘WS I2BWT, KOA ML ABIOBEELEICES CO,
ARLARZF L UFBEICEELTWAZ EZHELTWS. T4 M5 (2002) 1%,
‘e BWT, ~ 7T EER BRIV FLUERORBR NI L EHMEL T VA,

BES (2006) 1%, “JIWREAE BT, BRIISELBIZLY =F LU EREN
W22 L2@WELTWD. Fo, IXFRETIE, KOEBUZ L o THEEN 3~5%
2725 L RERBONHRRDBBA L, 5%Z BT L HRBER, IR HBLL, WENH
ﬁk#é(@ﬁ 1965) . RENLOKRSABMICEHL TIX, ‘B REEZXRY =T
VURICER T D ERGABRIE S, IFERESEND Z L (R, 1960) ,
A’ %%%mﬁxﬁfﬁf#ékﬁﬁﬁﬁiw%m YHEAR, =T L UEREN DR
7% Z L (Tuchida 5, 2003) N#HHE I TWVD

AL B OB IT M BERE R oy DRI K D EF 26N TWnWD. EH (1986)
X, 7 a— A BRORBTABEZICE T2 CEEE O ER T IEKREESXY T
YOHEMTED EHMELTWD. A S (1989) , Itamura 5 (1995) X, 7= —/b
Bl icBir o EHEE X JIREBEA ofEARB i ~I e — XD RIS
HEHMELTWD., HFHE (2001) 1, 7ra— B L ORBET ABEZICBIT S F
B OBALIZKEE Fomiooya  BEOINE KREESLZ F U HEH YO T
BUBEBEORALBLIUOANAI L e =20 REAKL TS EHELTWD. £,



Tsuchida & (2004) %, ‘“&A  HRIFEITHT 2 EAITHE 2 7200 o BE R 55 R 53 O
Bl L s HmELTNS.

FERM 2 BERBARELT, AL (1998) 1, ~nv A JIREAE ITBWT,
CO, LEEHRFIZ CO, IRE AWM T2 Ll E, =F LU AREL IR, REME
ZRFTELZ2ELEamMEL TS, #FE S (2002a, 2002b) %, CTSD (Constant
Temperature Short Duration) i#:i5 (Matsuo &, 1976) (2 K 2 BB % D N7 X )
WEA ITBWNT, AARY =F L a0 B W E L M2 2 BeAR — Uk A 2RI &
D, =FLVUAROFELEHILORALIE T 5 L 2RELTWDH. £z, 2010 4,
1-AF v r7mra~Xy (1-MCP) AHARTREIEREEIN, 201545 ABME, Voo,
F, BXFTHEANAETHS. I-MCP I F LU LV b =F LU R/ERICHT 58
FERELS, ZTF LYy IR F LV UVZRERICHEE T 270, TREBOIGEED M
FEah, EEh - BN IE S E 02D (R, 2005) . Vo T (XJhmh s,
2005 ; AT &, 2010a; Tatsuki &, 2006) , 3 (B H 5, 2011), ¥ 7 A 7 /L — (Boquete
5, 2004 ; Cantin 5, 2011 ; Kim &, 2001) , 23+ (Jiang 5, 1999 ; /N 5, 2008 ;
Tojo &, 2009) 2K T L mE R, ARbMER LR/ HFEINTEBY, X

o
i

D

BWTh, JIMREAT - ‘WS (Harima 5, 2003) , ‘MARBAEFTAH CHIDL,
2005) , ‘PESRT (AMES, 2005) , ‘#HF (Ortiz B, 2005) , ‘Rojo Brillante’

(Salvador ©, 2004b) 72 EIlZHBWT, #ILIMHFHOENBRE SN TS,

ZOEOE, BIFREBZFT=TFLORKRGAEBERIMILORESE, I-MCP 2 EIC Xk 5
BRFFIZOWTOMERDH D28, BV L SICHDL L WEREAM D & E R FF IV THE
HLTERETDR., 220, TXRREONEFMB L OMERFICET 2L LT
> 7.

BAED “BA ICBITHANHEEAETIE, HMFICEWTELERANE T E TRE
IZ o> TWRW., £ZT, HB2ETIE "B OWENMICETL2MELZIT-72. 51
BT, S2EHEBLOCAMCEICEST, “BF OWEKFMHOLEL, Thbbai
REEZPALNICT D E L BICBRE TR Z/ER L. FH 2 ik, TBEHES X
CAMCIEIZ X - T, “BF OMEIFHE TCHLIENTRE 8F OWHERFMEZHL
MWIZTHELEBICBWWLSOERZH#HAL .

TR BRERORARFEICHA_RTHRLERES, FAMEOK FTRR NI &R
METH-o/-. £22C, 3 BETIT "B OWHFMB X OMERFICET 2%
ATo7. B 1IEHEE 2HICENT, BEIRHEICLY, "B ORAEEERER
FOBREZHALNCT D EEHICMERFENTZRE L.

KB FEREWROENT-HETHY, BV I ELERBEPARTHD. 2O
VI IEEENT LR, IXOHF LVWHFEELBMEST I EHFINA TS, £
IT, BAETIE KK OWERMEB X OREREICHETAHEEIT oM. F 1
TlE, EERHEICL-T, KK ORAWMEREZHALNCTLLEEBITBVL



SOEREREL. FE2HTIE, AMCEIZE-T, ‘KK BT 7427 KD
EEMFIEZBEE L. B 3IH T, AMCIEIC L > T, KK oREHMER IV
BREZHALCT D EEHICMERFEMNZMRE L.

¥, SRl b, IWHERH T RIICRIT HINEREEL AL L.
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F2E ¥ ‘ERF ORNEFM
F1f FERDEBLIUVAMCEIZELSDF ‘BEF OREFAMLEENEFA

BIE, WX OMmAEEIRES, B, @R EFONBICLYVKSSN TS, LaL,
HWEREPEBZMOI X ZEAT 2RO EIERERITA, KT D (BT - FFHE, 1979a) .
Fo, MERIERDFEMEANDIBEORERBRIZEMDEMN CTHY, TOHBIT B
DG ThHDH (Kot - G, 1979b) . 2D X 512, LRINSHEZE L /NEIEN D
IZRDTWDEDITHRTH o722y, FEEICHZFMN L 2R IE 2020 Thh T\
Nl

NXOEWICHED ERERITH S, RAMESLIORERETHY, IF, FEEIC
DWNWTIE, BRGICBITLINEMHER Y —8A, NEEICBTLAIHEERRRE, &
PERB L OIRZEHE TORY AP ITHOILTWD.

—F, FRHEESCRERICOWVWTIE, EEMOMABRITOIL T, Rl R A6
TS RELS BT L2, FEBHICEANEPCHIBENDLLZERENL, 20
AT MO CTEETH D.

ek, RABEORIEIZBELRETIThR TR Y, A - B (1960) , 4 (1960,
1961) X “BA’ BT OTMPORE, Q¥R XOTAFENRNMEEICKRIE
THEEZHREL WS, LoL, BEETIEHRA-RRBICBT H2RENLHEN TE R
W7o, BXRREARORLAMEHBOFMARE CTH 7o, EHMRIFMEEL L
T, K&F-ER (1994) 1, ERVOMMEGRBENICR T 5EH ) & EREOREGEN
MO SEZMET 2 IEMEBETMEEE (HIT hvo %) 2% L. HAFS (1995)
X~ EEZBRFIL, HIT AU o 2L 2= "— L RIREFEEZ, BIO,
NRA MR RA—ZICLH2HEMBEDOBICENFEBEEERI D Z EEH LN L. L2
L, 770V x 2R RmICHEMSETHET S0, A—REOMKEHEICES T, &
FEXFLUOREAECLDRNBEE~OREZIEM L. IF, FEmkER X OIEEAlE
& LT, Muramatsu & (1997) [T REICEZEIREZ 5 2 - OREZ L —F — Ky 7
Z — g #h 5 (Laser Doppler Vibrometer, LDV) THIE T2 HFEZAE L. U A 70
— 7 (Terasaki H, 2001b) , U > = (5o4f 5, 2004) , & % (Sakurai &, 2005b ; Taniwaki
5, 2009a) , A 3 7 F ¥ (Murayama o, 2006 ; Taniwaki &, 2009b ; Terasaki &,
2006) , A v (Taniwaki 5, 2009c ; Taniwaki 5, 2010) 7 2BV T, FAEE O
HWERENRESN TS, L2L, LDVEIC KR EEEIIRESLS SEMTH 57
¥, Kuroki & (2006) 1 LDV iEZIGH L- F2IESEIC L 2/ EEEZHE L,
HETOWREA T AR 52 HHEREOCL{LEZH LN L. b~ b (P85, 2008) ,
A a vy (M5, 2009, 2010a) 7 K2RV T, R EREIC L D REREED
P A HRE S ATV D,



=07, WROREIETIE, REICADRNTZHICEETIHEEZ~A 7037 4T
FrlT 2 HERELRLTWEZ., LAL, AEZORENZ L, BEMEOZRWI &R
BEThoT-. Sakurai & (2005a, b) T e —T7%2 V% FNICEAIE, FORRICEE
TOEBRESE 0 —T LR M COMICERALEEER TR T 2 R E L E
(Acoustic Measurement of Crispness, AMC) % B3 L, X% =7 U O RWENM%E
TV, 2ONRT A== T2 ¥ =T X ZEHF ] IZHOWTHRF L. Taniwaki 5 (2006b)
X, TOBEBET =S 247 F =T NVF T 4 Z TREBEEHEIT L2000 THEL
2. X% (Taniwaki &, 2006a) , = ¥ X (Taniwaki * Sakurai, 2008) , &A1 =3 v
¥ (Taniwaki 5, 2009b) 72 2BV T, BREOKELELS LT OFii A#HE ST
5.

X BAOIWCBTIBEONMERETIE, HARIZBWTELRERNZAE T TR
NREZ > TWRW., 22T, AW TIE, ‘B4 KBWTEHERRHEICILIER
TR D IR EE R E B X OVEEE (AMCIE) X2 BEHIEZITV, INEROREIZE
JO2REREOENL, T2bbEXEHZPLNICTLEEHICRABEOLELNL &
REOTHRFARERTHDLZEEZHAOLNILTEOTHET S,

|

MRBELUVAEE
. EERBERICLKIRNEEDAE (XK 1)

I BIREEHfE  Z — IS Tnd “BA (1963 FEH) ORFEEMERAL
72, 2008 FFIXUNHESL IO 11 H 7 H, WHEREBO 11 H 17 7, 2009 FIXIXHESLH O 11
HSH, WHEEHO 11150, IWELHO 11 A 25081, REBSOREER “EH’
MAH 7 —F % — M (BHRKEERBRRGERE) CS50CZ2LERELTZTRTHh 72
RED L. REAORAEICIZAEGAEF (CR-400, 2=/ vx (¥) ) #MHH
L7z, #)5 (2008) o#FGICHE T TR E/ERL, MELZAHMAE (H ) 207
—F v — Ml (CCHE) IC&# L7, CCME=—8.101XLN (H°) +38.829 (1’=0.992) .

ILHERE (ULFETL 0 H) ~ULHERL 40 H £ C, 1 BB XTI EMEEEIC L D R
DR E, BALEFEL LOERFMA E21To7k. 7ok, £FEIT 40 HHEIR FICRE
L7z.

ML X D2 R WEE ORI E IT/NRIRDRAEEE ( (F) AWKREFERT) %
ALz, REOA~ZZ EFAEICLTARC Y EICES, NRGLEZIRERE2 REEoHRHE
B %R B IS B A, 100~1,500 Hz OS2 5 2 7-. 55 2 LB () ZiE
S 58 3 X OV AR 20 B3R, Kuroki & (2006) O &2 #E U C, #ME45HE (EI: Elasticity
Index) #H M L7, 7ok, REER (d) FINREGREZRFOHATLTESI L L.

ALK E L, HHES (1969) O FEEZH W, HLEN (FETHTEMELZE S I
%, FETERRAO B KRRICRD) ICELERALZIILE Lz, 7ok, 2008 4
11 A 7 BULHEX 25 5, 2008 4F 11 A 17 BUXHE & 2009 4 11 H 5 A IHEIL 24 &, 2009
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11 A 15 IR L 26 5, 2009 4 11 F 25 H LT 33 B #kib L7 REOMHE 2 %)
fbg L L.

ERFMIE 1 A (F) T 2~3RKXHW, SEBFRETHEIBIRBWL I 250 L
oo BESIFIEFRICHO LY (—2) ~HxrH ERW (0) ~FEFICEN (+2) , BWwL
SEFHEFICEBNLI R (—2) ~F@E (0) ~FFEFITBWLWY (+2) & L. xn
IR BRI e ¥ — B TR L, 2008 FE1X 7T AN (BHES AN - tE2 A, 30~
50 5% A%) , 2009 X 9 N (BHE6 A - L3 A, 30~505%1M%) L Lz, wWTInoSx
MBIy Ao E L%, BEREFMEITo 7.

F7o, BERFMICBTZ2B8 VWL SOFER & IEBEERIC L 2 RWBE (MHEHEE) &
OB NG, AREEZRELL.

CHMEERROE>
AREBRCTIE, HFBIRHEICK /RN EESE CHMERE (ED 2lEL .
Abbott H (1968) 1%, V ¥ TRFEIZIBWTH 2 LG E MK & RWHME & O BIZEW
RS D Z EE2H LN L. ZD%, Cooke (1972) X, MR (p) 2 KOKT
KLz, ol TBREE, pl3HE, mIIRFEEE, LITFE2LBEAEETHS.
p=axp¥xm?3 x>
Terasaki & (2001a) (&, LT HIREOREREHE— NZHREL, & 2 LIGH KK ORE
B — ARG EICEEEREHARICERZ EEZHL L T EREEXOHEG 2 EAMH1T
oo Fiz, EiArs, EHHTOHLIBIRER o EEE p ZR< EMMERE (ED 1
ROKXIZ D .
El=m?®? % f22
Kuroki & (2006) 1%, LDV {EZ IS L7 BEIRENIEIC X o /N RRE) I E 48 & 2 B 38
L, BEORENMETEDLLI)ICHREOHIEEE (E) 2REHBEOEDVICEE
EHE (A ZHVWIKROXEZHE L. HAEm® s Th 5.
El=d* X f,

2.BE% (AMC) ICL2BROHAIE (EE 2)

I RIR SRR v — S Twd “BAa (1963 FEM) ORFEEMA L
72.2009F 11 H4H~11 H24 HET, 1HBZIZK 6 £ (WEHSE, THH1H)
BEL, WEE CEIRFICRE L., BREEEL, RESORKAN "B/ AL T
—F ¥ —METS50&L, EBRI1LFAKDOFTETHELEL.

12 A 2 BIZER 1 RO GIET, RIS X 2 N6 E 2 /R B E 2%

( OF) EWREHFIEET) THIE L.

12 43 BiZiE, BEAZEEE (AMCIE) ISk 2 RBEAELEE ( () ARSI
Fr) CTHIEL. REFREFZEI 2cm BEICEIHEID L, REICTOCIEWRRA %2
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6 MATHIE L. BMEo 7o —7 (B 5mm, i§5mm) ZBEKOm & I2H 22 mm
DEETRAICEASYE, TOMRICALI EEBRHZIEERT (K BTy
7 A) THRHL, HMHhEEEFEFEZa L Ea— X THRITLEZ. BFON71E 5L 0~10Hz,
10~50Hz, 50~100Hz, 100Hz 7> 5 25,600Hz * TiX ¥4 27 ¥ — 7 @\Z7 ), 19 O
BRI /0 E] L 7=, Taniwaki + Sakurai (2008) O EICHE U T, £ 8 5k ik o £ %
¥4 (TI: Texture Index) Z B H L 7.

Taniwaki & (2009a) X ‘“BA° & KK IZBWT, 191ZH5H L7 EREERD 9
H, 0~50 Hz O BEIFENFREAMICE T2 L@ WHEEBAOH L Z L a#HE LT
L. F, BAD (2009) TAA BITBWT, BRI 0~50 Hz O & &=L, I
MBI L AWMERECRHE CEAAEEEREBL TS, 2RO &b, BIK
fiiE (0~50Hz) & WMHEEEORFEEZ R .

(BREROHZE>
AREBRTIE, AMCIEIC L2 BEHEHEE CREESE (TD 28 EL 2.
RENIWENEEB T L5 LICL50T, 20EEY 2 fT 5L VX —ICHY T
HIEWC D, 22T, BRIERE (TD 2RO L H1cEFR L (B, 2013 ; Taniwaki
5, 2006a ; Taniwaki + Sakurai, 2008) . v (I7 0 —7 OEEHHEE, n IT7 XK TH
5.
TI=X (v) /n
Tu—T7ORBEE (v) LY nb0EEME (V) EOMITIE, BB EIFHRE
BT 2T v=VXE OBBEAD L7720, BIEEE (TD EKROXTRITZENT
5. fIRBHAEAKETH S.
TI=2 (VX)) >/n= (f/n) X2 (V)

fIXHIHOFLOBEEHTCHLL D, Z0 2 FIEXHEO T & BRI OE K E A BT
TEEELLS DD, BREHE (TD BROXTRTZENTES. FTRAKEK
(f,) , EBREMEHK (f,) , #iE (V) BXOTF—%% (n) Th .

n

1
TiI= (f,f,) —— Vit

n i=1
wR
1. BEERBZEICLKIREAEEDRE (K& 1)
NIREROEMIEEDOEL

AIEER U7z B e X RE, I D 5T, IR (IR 0 H) ks
FEIE—ETHY, NEROMMEREREOEITREDO N —2m L (B 1K) .
INHER% 0~14 B (BEVEFEHE 43.4~14.2X10° cm?Hz?) FTIEREX<LIEFL, 0%
RMNITIER T L7z,

-12 -



DNERDOHILESLIURBKDOE L

WTF RN ORI B W T, X% 24 HE TIIEEORENRD 5T, 35 HAlI
BURE, WALEIICE L2 REOEES (KFE) BNEMLE (F—20K) .

Flo, WThONEREHIZE N TYH, BlRiHiics T 28 S OFE A%, INHER (I
% OB) 28— 0% T LA, BWLSOFFAI, INHER 10 Brigz2E—7
WAL HER L (F— 2 %) .

ERFMICATIFREBEHERLEOBERK

EREREMIC BT 2 S OFE R L WMERRIE L ofIciE, B OFFR 0 EKEICLT2 o
OHBZEOHBEABEMARRD N (5 2 X) . FHEGREIIE I OFERS 0 LETr
=0.873, 0 Rli Tr=0.779 Tho7z. I DOFFEN 0 KM TIX, S OFFEED 0~
2.0 FTKRELEATIICL b LT, WMEBEO AT 144~5.0X10° cm’-HZ’
FTCTEhEI Mol

Flo, BOWLIOFEREHEREEEOMIZIE, BOWLIOFANKDKI W 0.4 DR
DOFVEFERE 22.4X10° cm®> HZ2 Z8EIC LT, 2 2O ABERELAOHBEBEZRRED b
7= (3 X) . FHBEMREITWIEFEEE Y 22.4X10°% cm® Hz* LA T r=—0.855, 22.4X
10 cm?-Hz* R T r=0.813 Tho7-. BWLIOFEAN 0 UL EDWIEIERIT 13.563
~30.202X10° ecm®*HZ> TH YV, ZO®MAEZ B ~NEERE LK.

A BREDFH
Terasaki © (2006) OHEICHE LT T, WX ([11X) ~D7 4 v T 40 T HITH 2.

Y=Yy |1 ——— [1]

Y X THEMEFERE, Yo XU % 0 H OFPEFEAS, tIXINHER B, o & BIIRETH D,
RE, abBRX T4V T4 7ILY, BREDOEERD .

AR O BPEFERE 13.563~30.202X10° ecm®> HZ2 2 &P T, kb7 4 v T 4 70
Rho 7N % 0~18 HE TOMMERENLDL, KOXE/{7Z (r=0.999) .

t
Y=Yy | 11— [2]
9.386+0.830t

-13 -



RIXbE~NEH (RNEERBED Z2RkO5700I1C, UTORICEF L.

9.386 (Y—Y,)
(= [3]
0.830 (Yo—Y) —Y,

B _EMAH () OBMEEE (Y) 1£30.202X10° cm?> HZ2 Th A0, 31156 L
ToXTRkDOLNS.

9.386 (30.202—Y,) [4]
0.830 (Y,—30.202) —Y,

ng
I

B REEH () OBMEEE (Y) 1 13, 563X10° cm*> HZ2 Th A7=%H, 31015
UToRXTRDLNS.

9.386 (13.563—Y,) [5]
0.830 (Y,—13.563) —Y,

o, BEXEHEHOTRHRITM4IX, AEEHO PRSI E o,
E, RS (Y) FEHEEERICBIT D 10924 LB E Lz, IWH#E% 0 H
OFEPERERE (Y,) bHEEHERATS.

ZOTFTHMXOBFENEEHERT 272D, RERICBEWTHRALEZRFED S H, Tl
MICHWERELZRWTZ 122 ROBUEREORET — 2 2 H\wit. REO R SEGS
B FEEE 28 30.202 X108 cm® Hz®, A& K IEFS Y 13.563X10°% cm®+Hz” |2
Y20 & L (FEHMHE) . ZAEOFHIEAENELEYH T43 B, BEKEH T 147
ACThole. TUMMEIE, WHEHK 0 BOMMEEELARO 4], [SIRNITRAL THE
Lz, B_XEHRMICET 2 EAMEE TR O ZE (Xt E) 1%, FERESIER 2~6
HTO05~1.0H, 7~I0 HT13HTh-o7=. —J7, BXEKWICB T D82 (M)
X, ERMENSULHER 11~22 HTO0.7~24H, 9, I0HT35HTh-7= (FFH4X) .

2.8 (AMCH) ITL5BROBAIE (EE 2)
DIREEOEREERENZEL

BRAERE T, WHER B ED R OICHEVER T Le (55 5 X)) . IHERR B B0, ek
FEHRWMLTLrLREEEAZMWELLZI2A3ZAETOARKL L. BEBEOET LIE

- 14 -



R b K E Do 7= OV JE I EH I 0~50 Hz T, UM% 9 Hix 7.7 Hz’mV?, UL HE#% 29
Hi% 6.5 HZ’mV> THh > 7. KT 560~800 Hz TH v, & & BB #8013 &K T g 130
oz,

F o, BEBAE 0~50 Hz (281 5 BEHEE L, INHEZ 9~15 HETIELE DL T,
17 HLUBIE T LEZ (FelN) .

DRBERELBEMEERLIOBERKR

JE I Btk 0~50 Hz (281 5 R AL & WM FRAE & O BT, & B o ik b
2 13.563X10° cm”™ HZ ZHIC L CT,2 o0 A EREOHBEMBEENRD SN (5 TH).
FHBEAR S T BEFE A 13.563X10°% em®+Hz> DL BT r=0.655, 13.563X10° cm’+Hz> R
fiti T r=0.647 ThH o 7.

BANEKE T, MEEEOZ(EOEN KE L (27.8~13.5X10° cm’ HZY) , &
I/ NS otz (7.7~7.2 HZ’'mV?) . —F, BXEHKHZEBE Tk, ARG
EoEALOENKEL (7.5~5.9 HZmV?) , BEHREEZ/NS o7 (12.8~7.0X10°

cm’-Hz%) .
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ER

X CCEA OWNHESL (UINHER 0 B) OMMERRAEIL, INHEREHICE DL T ENR
bivieinofo. IHHE B (1998) I, IWHERFHINE 223 ERNBEE LK TTLLE L
D, TRNEEAOEEIZEDLE THRREZIToEDLEELXLND. WXRIFTREHO
RREOZNELEL LT, AFETCIIKRERICBIT S ‘B4 HiEEOD T —
T — MESOIWCELEREZER LT, MEICENBDONEN-TEEZDLN
L. 3L, EATIFIREORAERB LM T 2B EO—>THY CKk4&, 2002) ,
INHERFHIICBE D L T REANRFE L ThI LR URABERICH Y, FAMEEIZZT 72D
SlebDEBEZLND.

‘BA OREZIRLETS. TRDLDORAMEITKTT 5. BEIREIEIC L D BERE
IRFE B AICIE T L2, ZHhiE, Taniwaki & (2009a) 28 LDVIETHIELE ‘B
LK OMMEREEOR R LR TH o=, LDVIEIC K DXV A 7 — (Terasaki
5, 2001b) , A =3 7)< (Murayama &, 2006 ; Taniwaki &, 2009b ; Terasaki &,
2006) O HAEFRAE LB L TnD. F, RIS W T, HEEZEZ
IR LT, ko2 —TERNLE., B30 Fy - 757 027 &
FITRIR A B HICE DL LT, RIBAHGHE L BEEENOBEXEN PR TX S
ERBENTEY (EKD, 20060 , REOHEL X LEHiZDHI LICL->T, R3E
RELHIObBDOLEEZOLND.

FEIBIO2KEY, REOEBALSEL, BEKH (MR 13.563X10° cm®-
HZ’) @& % &, HHEHEEOZ(LOEIZ/hE< 20, RAEEOELE K UEEL 72
STz ThiX, B2 S E S B LT D B FE AR I 5 AL o0 B & B
LTWazd (BADL, 2006) , REOHUICE( N ET & REPLH ORI, T2
bOHMMEREOELOEIT/NSLS RbLE2ZLND. —J, HF6BLO®THEL,
WA 0~50 Hz I28 1T 2 BREMHBIEIL, BE_XEEH 20 ETH 5 OZEDOER K E H
ST, TOZ ML, BREKPHZBEI COLE, BREEO N MERELI L L E
WA Z BB CTEX 2 2 E BN o, U EDZ b, INEXZRD ‘&8’
REICET 2AEREMIL, BNEAHE CIXFEEHEIC X 2MERER, Zh Uk
EEEE (AMCIE) X2 BEHEENAEN R FIETHDLEEZLND. 2D Z LI,
Taniwaki ©» (2009a) (2L % LDV IETHIE L7z “BAF OMHMEEES, £XEHE T
A ThdEToHELFAKRTH .

IHE®%R D "B RECBTOIEMEEEOLLELNS, BREFPHXEZERKLE. &
NEAR IS BT D FERME & FRE O ZE GExHE) 3/hs <, FRAETEVWEE XD
na. —J, BEXEKEHICB T 28E (BXHE) XESEBHICHERTORRE VA,
BAREEH OBMERIZEIIETICESICEA L, TOMERBEREICHYT 2 AR EV
ZENG, ERHEREARMEIZNVEZSZLOND. LML, 4%, LOVHEOREVWT
WXEERT D720, SLRIRFABLETHD.
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Fio, RTHRRITITUCHERF O BAEBENALETH Y, BIE, ZOHEEE % &K
DL L TEATLIZLITHELLS, 5%, WERBOEMIR CEEOL RN
VETHDH.

BREOEFRIZE ST, WEFIZLIIEFRVWHEIOBW LW X 2RI L L
MARE LD, HHXOMIS OBLAIZITMEANZEZPCHIEENH L5720, TRENIZIE T
IRIFECHE B EITV, WG REICR TS Z N T&E D, -, BEBLEBISE X
KERLHIKTIE, HAXTHD "BFH OBEIIHIELNELS, B EN SN0 #
W, 2T, ‘B OBREHILIWIIHEEOEIHIZH o BENEHEM A RS T S
ZLIZEST, AFETHEY BA EEXLATWLWARPoH LWHLGZHET 2
TENTEDLEBZOND. EE, KRR EICLY, RERE NG S 1 EHTE
HBIETFTLTWD R, BXERRICEOIWBIIIXFOHEBEIIREHNL Z &N TE,
NXFEROEEALZR T ETEDEHMPBEEIND.
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cm?+Hz?2)

MR (X108

50
45
40
35
30
25
20
15
10

02008/11/7 (n=72~26)
A2008/11/17 (n=72~24)

02009/11/5 (n=72~24)

2 £2009/11/15 (n=72~26)
ﬁ 02009/11/25 (n=72~33)

faﬂ

i § : i3 g

A 4 im E
el B0 0 4 §14 o

5 10 15 20 25 30 35 40

Itk A% (H)

BIM  EHA (CBTOIER O BIEEE O L
HERR TR HERRL 2 2 7R 9
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cm?+Hz2)

MR (X108

r =0. 779%* (n=47)

WXL

F2R BA ICBUJLHEIOFEAEHEEELE ORBM%
#*L 1 %KETHFETHLZ EERT
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cm? -Hz2)

HMEREEE (X108

r=—0. 855%*
(n=16)

r=0. 813%*
(1'1:59) ® ’

BWLEDFER

T3l ‘B OICBUITABWVWLXOIA LA EE L 0BG
**X 1 % /KETCHETHDLHZ L amT
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4.0 r n=13 ﬁ’*‘hﬁﬁé%
3.5 | T
3.0 | 15
= 25 | 21 T
:]TJ,H 2.0
B 1.5 2 18
T
1.0 25 T L
T 1
0.5 F
0.0 : : : : :
9,10 11,128 13,14A 15,168 17,188 19~22H
2.0 r G
8
1.5 T
= 21 20 l
LN 5 I T
ik n?ﬁ 27 I 1
0.5 T 1
0.0 1 1 1 1 1
2H 3H 4H 5H 6H 7T~10H

EHE (R#ER A%

FAR AREES OIS T S ERE & TR & ORRZEOR%
MERR I IR ERA R 2 7R
PEPME & TR & ORZER K Gl is)
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BRIEE (Hz2mv2)

6.0

E£6H

9 11 13 15 17 19 21 23 25 27 29
I B (R)

“EAT BT D A B 0-50 Hz O BRI D21l
MR IAERERR 2 & R T

BRI TukeyD ZEREICEL Y, 5% KETHET
HDHIEEIRT

(9 day n=21, 13~29 day n=30)
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cm?+Hz?)

RMEFRER (X106

30

[ J
Y .
25 r = 0.655%k (n=22)
20
15
r = 0.647%¢ (n=31)
10
o
) [ N ]
5
0 1 1 1 1 J
5.5 6.0 6.5 7.0 7.5 8.0

REEE (Hz?mV?)

BIR EA OB D EEEHER0-50 Hz O BEFEAE & B R o BAfR
#*¥X 1 %KETHETHDLI EERT
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F2fi FEERDESITVAMCEICKIERNTHIE ‘EF OREF@EBLLSE
OF -373) X3

X CCEAS OOWHEREIT 1L A RS 12 HERAETTHD. TORMOAEES
XU EEME S, FRERBEEE, EHICIo THERES~OHERDHY, —EBTHRLZE
Thsd. EoT, IWHERIIDOHENICE - CTHEFEAENS R E D . HEM Il K
L TWaH, BEEKICL2EERMA, EEa A MIBMAEECTCHL. £, @
HORE T, MERENAGIV, THERNERICARDIERBEICHIETE RN, 22
T, BB LOERBERNICER D720, “BAH OMEIREE BRIz, )X
B ARG AL LSBT 2 HE (RS, 20000 , "TATHE ZEICE= 1%
WEST 2 HE (BES, 2005) ZREDRF IR, RkMmkEO ), MBI X
ORBBERLED A NEIPNDZ D, EHAORBHZEANIZITEL RN >T.
LrL, Z0%, FTHRICONEKRHZESOEL 2 L0 TE 28T (M, 1993)
MERIN, 2EO—MHMOEMTRYVMAENT. BRETE TREH < TB5<A
fil, kLR cix T8 R/l 7 7 FATHEBERZESL, @k7 7 K& LTH
BTN TWND.

WNTHRE: “BA BEHKT T FELTFMESTWDERIEL 12 A A S
NHETTRLS, TORBKDORIICHD. BEEE "B ONHERY (11 A 20 HE)
DHF)3~4 B LICES K-> TWD Z End, FEIXEL 225 (A, 1993) . %
T, R TIE, EEREIEIC L D HEEES X AMCIEIC L2 BIEEEALRE L,
WrTHE “BA OREHMZITY, BEUADOBWLIOEREZH L NIZ LK.

MRELUVAEE
. EERBZRICLKIRRNEEDAE (XK 1)

I B R R BE AN v — R 0 TR CEAT (1963 FER) ORFEEMLHL
7-. 2008 451X 9 A 10 H, 2009 41X 9 A 8 H LXK £ T, AT 7 4 U8 %~
EbEw TRIFET LWL, 2008 4F1F 12 4 11 HIZ 14 %, 2009 4EiX 12 A 9 HIZ 50
B, —ANHELL. 0k, REIEETICHREL, WEZ30B T MR 2 BRI
RANEE, REABSIOSLEREEZHRE L.

RPIEE R E IR E I K D/NRIRBPELEE ( (F) AWIREFER) CTHIEL
oo BREOATEZ EMESICLTAR Y EICES, NEHLEZRGEZREORELO
XF A AR F IR < A, 100~1,500 Hz O iREI & 5 2 7. & 2 WG E K () 2 A X7
MLE—27BLOMHENSRD, Kuroki B (2006) OHMEICHE L T, BMEEZE (EI:
Elasticity Index) ZLL FOXCTHM L. REBEE () ENES EEZRGOHRATLEE
&Lz
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El=d?-f,?

RIEHORE AT AEAEGT (CR-400, ==k 7% (Fk) ) THIELZ. #H
5 (2008) OFEICHE L TR EZMERL, WELZAHAE (H° ) &% ‘86 AL T
—F ¥ — Mi (BWRKESRBRBREEE) CEB L. 7 —F v — ME (CCfH)
=—8.101 XLN (H°) +38.829 (r*=0.992) .

WALHE LT EBE S (1969) OFiEZE AV, BILET (FETHTLMELEZ I IChk D,
FIERAO =R KIZIRITR > T D) Zakfb & HBrL7-. 2008 Fix 15 £, 2009
i 26 L LI REOHE Z (LR L L.

B, BEEE CCEAS OBMMEEERS X OEHIERT, AEOER 1B D IHERE
#, 20084 11 H 17 H, 20094 11 A 1SHOT—% &L L.

2. AMCERICLHBROAE (X5 2)

I U RN o — RO R T RS CEAT (1963 FEM) ORFEEMLHL
72. 200949 H 8 HDULHERFE T, HENT 7 4 U IE~TZLE O TRFET & HE
L7z, 12H 90, 2415 HICREHRORELZEAS “EF M7 —Fv— METE, 8§,
10 DEFEEL 6 RER L. £/, 12 A9 HicxHE LCaly (B4 5o 547
ZREICER L., BREAORTEITIER 1 EREOFETIToZ. T0%, |RETIC
REL, 2H17THICEEEZMEL L

BT AMCEEIC K 2 BRI EEEE ( (F) AWERHFETT) CRIE L. RFERE
WAEEZ 2cmBEEICEHTYICL, BEO o —7 (B Smm, & 5mm, 6 30 ° )
TREICRRCIEWVWEATZ 6 20T, MATROmEIZHE L. B 22 mm O #E TR
EHEHICH L THAICEASYE, TOKRICELITRBIEHZ2EEZYT (K 5+t
v A) THRIBL, WHEEGERFEZa L Ya— X THRITLE. GohnEEE, F
F OB =T NTF T 4 EEHNT 19 OFEEHHE RIS L. Taniwaki - Sakurai
(2008) DOMEICHE U T, BB O ZEIELE (TI: Texture Index) % T BRJH %4
(f,) , ERAEMEEHK (f,) , BiE (V) BLO®T—%% (n) 6, UTFTOXNTHEH
L7z.

HR

1. BEREICLIIRAEEDORAE (KB 1)

WNTHE: A BT INHERRORBELOREEO (T —F v — MME) 1X, 2008
FEN 7.1, 20004FEN 83 ThHY, TDHKk, MIELE (F—41) .
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I HE B 1% O BEPE S X, 2008 4FE T 23.7X10° cmz'sz, 2009 4E T 24.9x10° cm*-HZ?
ThH (F8K), WMHFELbBHERED F BT D ILHE B 1% O AR AR D K9 55%),
IHE%A) 7 B OWVEFREEICH Y L7, UNHER% o WPERR L, W4E & IR 10~12 A
HETIHREL, TOBRBEONITK T L, BHEKEEEFERHFEOEMEZ L.

WAL =R 1L, WEL BILHER 18~20 HLLEH ML 7= (F— & W) .

2. AMC%I:J:%E@O)EEIIE (X8 2)

JHEEE CEA BT L2REBBEEIREA (DT —Fxy— M) BAEWVITE,
LLY?’F;%Elzn%b\ FEE» o2 (BBIOK) . 12HA9HINHEDON T —F v — Fa 6 DREL
12A 15 HINEDH 7 —F ¥ — MESDORFE, 12H I HNHEO N7 —F ¥ — ME S D
BELDR2AISANEO N T —F ¥ — ME 10 DREOBEIEENMZIERETH > 2.

F 7o, FBEEEIR 0~50Hz I8 W T, 12 H 15 FIHEO BB IZEICXT 5 12 H 9 H
INFEDBBRIEEOE AT N T —F ¥ — MME 6 T 99.0%, 8 T 97.5%, 10 T 94.6%TH YV,
HT—F % — MERBWIEE NI hoTz (B 10&) :

12 0 9 HICINE LR “mh7 L@h (EBR) B 54 Loz
b\ﬁ”ﬂ@ﬁ?~7’~v»«Mﬁczﬁu\f%ﬁ,@@?ﬁﬁ% :% B LNl noTe (5 11I) .
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ER

=FRvFy, Vg, 2%, 7T RURETIHHRERDR, SMEHRRESIOHEIE
ZHME L TELT N ITOR TS (UMK, 1982) . LL, A% “BA BT
WEMITOBEIE, INHEREOEILIZ L DI - BREEXEOT W BB L OEREER
FHIETH 5 .

PR CEAT O % O BIEFEIE X, 2008 4T 23.7X10° cm®-HZz?, 2009 4F
T 24.9x10° cm® Hz" TH Y (58 K) , W4FEL bBEHRE F4 BT HREEHD
BEPEFRHE 13.6~30.2X10° em®-Hz® (53 X) OHFEANTH 7=, BT B4
XU FE £ Ot E TR HES, RABEENR T T 5720, [NHERICIEEEICE REIC R
STWhHEBxbRZ., £/, ZORMDL, INHERIZIEZERIZEVIREIZ/ > TWVD
EEZbNT., ZoZ &k, BILEITI~NV (1. Ty SAICEY, T. 2FI2Hi
DERS MWL D0, Lo LTWwWd, M. {THTLEMELZIICRD, £HITE
WO —EBRKRBIRICARSTWD, IV, EFICKIF LD, THEFREO—HNBEL
TW5) 96, ILENZ5%EAN, MAEAH~OWERY, VA RAR & LA .
5 (1969) O#HE &L —HLTW5.

W HE: BA BTN EESLOMEREEL, BEEEo B BT 5
INHERL K 7 H O BPEFEEICH Y L. 22T, 8 RE 58 OISR 0 H %@
W CEA OIE®% 7T BICAbE L L, HMEREOHBIXIZERETH Y, Wik
FERIC IR ONRN-o (B 12K) . ZoZ b, “EAF TILIUHERDH
MR O RBE AN R > TH, NWHERFOHERERSDINIE, TO%OBMEBEOHE,
ThOLAEREREETE D LEZDNT. F72, WAL X % 1 BERE 5k R 4> D 24k
TR FIEIC Ko TR Z 6 (AR5, 2001, 2002) , 2T ICE
WTHHREIZEERELTWALAREERODI EZEZDONTE. 22T, EBR2I1CBWVWT,
AMCVEIC K 2 BRI E2EE CRIEIEEZHE L), 8T oA EICL 2 BEHBED
EW, T2bbRAEOEWVWIRD Aot (FH11K) .

WHEFHE BA OWHEREHIX 11 A EA»S 12 ALATHDL. HELMREEZE
LRGBS X ORENMCRFEFICEEB T ZANICIHE LK 2T E 2o 0 EE
EHEND, ~EOREA (“BEA AIT—FTx— FMES) ICELEREZIHEL TV
L. T0y, WHEEZORNBEEIIEILAELS, AXEICRs TRy, —F, 8n»
THEE: CBA BR8N TICLAIREREEDOIEICL T, INERHAZBEEE LY D
K3~4HABESHE, 12 AT MICIEL TS, KERMNS, M T#_E T, LHER
ICRBAIRRE L 72D, AREHOMIIZ/R>TWDZERHLNIZEN, 20O &EREMN
JHEE CEA OBWLESOBEREEZONEZ. £, CBA OIFRB VB
MET D& GE - /e, 1987) , NMEREUHEE TH, RADEDS 2 0IE E HBR
R < CHrg o2& (BRI - A, 1999) 2o b BVWLIE LD EBE LN,
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BREEE (Hz?mV?)
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BRRIEE (Hz?mV?)
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RRIEE (Hz2mV?2)

RBRIEE (Hz2mV?

REFEERE (HzmV?)

F11K

- —o— MITHRIL-CCOfELI0 (n=34)
-0 B IRIE-CCEL0 (n=36)

) —o— 437N HHECOMES (n=30)
o AEREE-CCES (n=36)

—o— LM HFE-CCIEE (n=30)
-0 W E IR HE-CCME6 (n=27)
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B (Hz)

BEFEOBEVDS BA ORBIFEICKITTR

MER IR S 2 R T
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BIE ¥ ‘B OREFAFBSIVAERFHHFTOFASR
F18 FERBEICELIDY ‘B O0ORAEFAMLENEERFETORRE

ERHREEICBWT, REEORZZ MEOMALEDEITE o, GRoERED
HNAOHEETHD., EHE LT, RAMELOBAREE CRIMHMT 5 2 &1
FOGOME, BRBOEZRERERAV Yy ML, BlIZREREITIZOY—X
PTCROLESHMEN, TOHROMBIERICKERERELZ G252 000, FEFICE
G R S ol

Yo aTix ‘onN5T, T AT, XTI CCJIREBEAT BAEAREA
M CH L2, HAFTIE WA RE BDZ2O&REZHS TWDHEMPE -T2, W
FRA BARAZEHTXITHDLI L, BRNBONHE DI LR END, Fx MM
KTFLTW/., 2O X220 RWOF, 2003 12 “Fi A& I, MEADTE
EHTXRELTIO AP OIENRTEX L Z L, RRAITIRS, BAKT~TLT R
MIEEALERALZNZEND (WHEB, 2004) , FEHMTEHEANRED SN, LM
L, ‘BANEA X RAREAER IV bEEBHEREVNI L, Thbb, RAM
ERRELEK T2 ENHETH-7-. BRELEEILEICL > TEAR Y, A MHEIZ
ERWHEHEA THL28 (LA B, 2002) , HINKMICHFEHME, FICRABEELZRFET D
ZliE, MEEBCBTIHRELOHIBICMA T, BWLWIXEEHEEMLTL L
MHOLEETHD.

RWHEEIREMEFICLIPEN —BEHTHY, FRIZT T VY ZEBA LK
DERXEANTIHMT . LrL, MEVWERE LR TRIEROR N X, KV IE
72 S OFFMIIXEENH D (K&, 1998) . =0 X 57, JEMER L O ilE
& LT, Muramatsu & (1997) [ZREICIEXKEIRD 2 52 -RORHZ L —¥— Ky 7
7 — g #®) it (Laser Doppler Vibrometer, LDV) THIET 5 HFikxzM»s L. Lo»L,
LDV B L 2P EEEITIRKE LS &M TH H 7%, Kuroki b (2006) 1% LDV 5% i
LB EBESECL /N RIEEE LB L. 2 25F 1 #icik, FEREHIEICE
ST, ¥ “BAR CBITHONHEEZORAMEOE{EZH LML, EXETFRAXE
ERL L7z, BEIRBIECOREME (EMERE) IMP R I oF M2 Toh Y, FF
WCINEE S PO B_NEE TOM SOV TIEBHBUCHMA TE 5. £ 2T, AFZEIC
BWTH, BEEDHEICL-T "B REOM S OFME LML 7.

AXREOHAICIT=FLUREDbTEY (KA S, 1991) , Nakano » (2001)
X, KOGAPLVAR CO, AP LARZFLUFEHEICEHGEL TV EHMELTND. F
7o, M - EE (1960) , #4 (1960, 1961) 1%, ¥ ‘B REICET D EEL
Hr St 2 IR, RE S 0K ARG, KEEFE - & MR FSRMELHREL TV
L., ZhooZ enb, FRRBERRELFEELTE, =FLEG - EARE, K
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AT, K Z&HCIE], MAITREZ2 EABEINS. LaL, CREC LR IR T CUE
SN, HIRTO MAIFK (X7 A2AF v 7 7 00 L HE) 130 ARER EMN AR
SND (AR, 2002) . £/, T AF v 7 74NV DAEITTIIBNNDLT ENG Y,
FEHB TRV,

ZIT, AW TIE, R KB LIRAMERREIFORERE L LT, =F L~
TERBLE, KOoZABEMHOm» LR L. ok, RAMERFEIFOBRBIZYZ -
T, BEBRDEICIOWEME (BERE) CERETMCBT 280w L S & 0K
Bz LTz,

MRBELUVAEE
. BLWLEOFREBUERBRLEOBER (EB&1)

I BB R A o 2 — R TR RFEEZMH L. 2011 4 10 A 4 BIZ 21 R,
REHMOREENY B4 HAHT7—Fx— M (BHRKESRBRBRGES) T 6.0
WCELERELZIE L. REAONEICIT ARG EG (CR-400, 2 =0 3 /L& (¥))
ZEHA L. #HIIS (2008) OB ICHEL TKRAREERL, WEL-AHEMAE (H)
ZHT—F % — ME (CC ) I[CZ# L. CC fi=—9.033xLN (H°) +43.185 (r’=
0.986) . T D%, BIEFICHREL, 10 H 14 HETIC7l, 1EI%7=0 358, RAMEE
OWE & B REFEN A2 1T o 72

R EBIREEIC L D/NIRBPEEE ( (F) AWIRHHFEIT) CHIEL
7o REOATZZEMEICLTAR Y EICES, NERESIRERSZREORETO
KA B < B, 100~1,500 Hz OB A 5 2 7=, & 2 LA () A7
MLE—27 BLUONMHENSRD, Kuroki & (2006) OHEICHE LT T, sHMEEEE (EI:
Elasticity Index) ZLU  FTOXTHMH L7z, FEEHRE (d) TNEHREZRBOHEALLEE
& LT

El=d* X f,?

BREFEMIE S BEHEFERIET, B LS (FEFICBWVWLS 2w —2~3EFHITBWL L :
+2) AR L7z, XAV BRREEEINE X BB OIH I N 6~7 N (BMH5
A - IPE2 N, 30~50 mft) THERR L 7-.

2 IFLUERAMBEEAICES ‘B ORNEERKREERMORARE (X 2)

I B W R E AN o 2 — R o CREKC REEZME L. 20134 10 4 3 HIC, RIE
WOREEN B MAIT7—FT ¥ — MMETO60IZELZREZILHEL-. %&émﬁl
EWTFER 1 ERFEOFETITo., = F L UERHIREEE L CI-AF Ay s a Xy
(LLF, 1-MCP) ZfEMA L7=. BRXIL 1-MCP LH % L 7= 1-MCP AL [X 35 J OV 4L #
K& L7 I-MCP X, KEMEDT T AF v 7 5 (WA 117L) IR %E L SmartFresh™
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(B—=L T Ren—-Tx Ny (BR) ) Z ANLTEE L, FIHIIRE 1 ppm T 24
IR ] W i35 AL BR L 7=

LB 14 HEE, AZINST 582 mmX392 mmX100 mm O 7 7 AF v 7 a7 F(2 1
BECTHWARTEIRFNCREL, 1HZEICRE, RAMEBSLOREKALY, FoE{LRE
OFATHEHARAE L. [-MCP AFE XX 20 B, MAHKX T30 RELE. RABED
BEILFER 1 EREOFIETITo . B EITEHS (1969) O FiEx AV, #®ik
FEM (FFCHTEHMELEIICARD, FHEEEAO R KRRIZRS>TWD) 2K
L& W L7=. 1-MCP LB X% 30 5, MEALPLIX (T 39 Bdk{b L 72 R3O BE % i1k
KL, B, SIELLEREFITFELOBREL .

Fm, MORELELMEK L, =F L o AREE 2 %YL (Fonseca H, 2002) (2L - T
HHME L., P& LM 2kg (8) ORELZNEFFEA48L D7 7V VB OEAR 4
WWEHLT20COA v FaX—FICHBELL. BE%Z, ~y RAX—=Z2ADT A% K4
FEHOETZ LMW ABERAND YA 27 m2 ) P2 T20mL %4008 X124
~6 YT, KFERKEHE (FID) MEOH A7~ NI 7 4 —2kbh=
FLUVREZH L. BERHEF LUV REDOMG LY R/DE RIEIZEL > T—RK
CHTIED, TOMHEE2F LV UAREEICHE L., =F b o ARl E o F 32 %
TLEODEHBHROBZZRVAL, ROWYEE TEBNEBALTZ. vk, kLKL
REFRGN O RV,

3. KNZBMHFICLD B# ORAEERBHRMTOBMRE (EEK23)

I U R e o — R D TR AR L7z, 2013 4F 10 A 7 HICRTEH O R
RN A MAT—F ¥y — METG60IWELERELINMEL . RRAONEILE
Bl EREDOFETITT-.

KA BIHI & LTI B R BEE RN o X — DMER LB B R — v 2 L7
SR IE DR E R 2L 2 - 2 MEOE T 4 F—FRE/ER L, BITER— VI
A0 7. BB 7 A —BROFEIRE % B » 7k (JIS Z0208:1976  Bhim & 3544 kL
Pl R BR i) CHIE L72AE S, 130 gem?-(24h) ' & 15 g-m™? - (24h) ' TH o 7= (4f
e, 2014) . BREOREWHIET A4 T —JRKEZ RO T 2R ER -1 AKX, &
EOEKWE T A F— A0 TR — 5 B IX, BHiRT7 1 F—Rifk%x
B0 AT R o RIBITER - VXK EBREL, TNENHET - TEOHO LN %
BODHIH0VEBLOEDOHO DM EADH T EZEO5 HIAED THE L (BHNS,
2010b) . 0%, BR FICHRE L., HERBRX 36 & L, LHE%L 14 HH, 1HIE
ICHRE, RPAME, REABIOEEREZEOREZFHAE L2, SILRITLX 36 ik
LT REOHEL Lz, 228, REOE, BER—AHEHEA L. REMEEOHE
BLOALOHEITFER 2 ERFEOFETITY, BIELERERITRE»ORELE.
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wER
.BEVWLETOFREBEEBRLEOBR (EB& 1)

BWLSOF AL HERIEEOMICITAERIEOCHEA (1=0.924) AR DO LNTZ. B
WL EDOFEEN 0L Lo, BEEHEETR 22x10°cm®> HZ2 L ETh 7= (55 13 X)) .
Flo, WHBELEERRLFEORICIIAEZAOME (1=-0.930) AR D L Lo, Bk
FERE 28 22x10° em®-HZ® W, HEBLDRITHNI% Tho7z (5 14 X) .

2T FLUERHMBEEAICES ‘B ORANEERFBRMOMARE (X 2)

BEVEFR A VLR BB B 2 L7e . ALBR LA IS W\ T 1-MCP LB X A3 LB X ) D)
LbERBICEN SN, TR, MREOEITBO N7 (BB 15K) . EEM
HETH, I-MCP LXK & AL X & ORICAHERZTRO LN o7 (16 ).

AL R EOREIZOWT, MAFHX TIHLAEEL 5 BIZHO CTERO b2y, 1-MCP
SLER X CITALEE % 12 HE TRO LN o 7. MAPEX TR 11 H DK, )1k
REORENAM L, WUHE% 14 HOBILFRIL35.9% Tho7-. 72, 1-MCP LB X |
BT L% 14 HOBMILEIT 6.7% Tho7= (B 17K) .

TF L AR 1L, 1-MCP ALER X, MEALHLX & 4 (AL EEE% 5 B TIX 0.1 pL-kg'-
h' LFTHY, 6 BUMES L. FHICEOAHMKX TIEREL EF L, 1-MCP 4L XX
MK I RS HERB L (5 18 X) .

KRB AL, 1-MCP QAH X & AKX & OMICERBEO LR o1, LHEENGIZ
EEMRIC EF U INERN 12 BICIEI 7 —F vy — MEBR 101> 72 (T — X 1K)

e, BRI P OEIRIZTEY 254C (19.6~28.6°C) Th - 7.

3. KNZEBMHFICLD B# ORAEERBEHRMNOBMRE (EEK23)

TEATE AR — VA X O R IR I I AR L (55 19K) . BiBER— 5
X oOBVEfR R L, IVREE %2 DR 10 B £ TIEESLHIS, TRUBIEIRE <A L
7o, IR 4~10 HoORM, BHEERRN—AEXOHEEREITETER - VEX I A
BElom<HBr Lz, 2o, WEBER—LHABXRIIVEBER—ILH AKX IV G, BHE
DOETEELSHEBLEN, TV, HID EHLICABERERNRO LN DT INER 6 A
DHTHoT=. T, ¥ET—T O FICID2WEREOEIRD LN N7,
HERDRIT, BBERA—LVHBX, BHBER—VHE AKX, BITERA—LVHEXOIET
AEICESHEBLEZ (F20K) . MEFET—TOHY HFIZko T, BBBER—LE AKX
TILHER. 8 HUIRE, HESO N TR XV ARICEKLSHERB LR, iBER—LH B
KELOEITER - VEXTIIENRO Lo T,

WL, IR 12 Ao, SRBX b —RICHEML, AkRERRO LR
ol (21 K) . IR 14 HO(ERIX, PBER—VBXOIMY, HEEY &
HIZH 86%, PHREEAR—/L AXDO HEEY TK 81%, THED TH 78%, BEITEEAR —/L
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XD 1Y TK 67%, HIAEY THI 3% Th - 7=.

R, NHEZSABIC—HABRX THAERENRE DN, ZOfo B IZIEE
ERO LN o, AEENLGIZIFEMRWIC EA L, NHEZK 12 BIZITZL 7 —F
¥ — MMEXK 102252 (F—XWE) .

ek, RBYMEPICEST 2R VHENORE X, HETECEGRRL, BITER
—JLFE T 242°C, BHIBEEAR—/V4 A T 25.0C, BHiREER—/L5 B T260CTHY,
REREZFTRBOON o0, —FH, BEIXETER—ALFHO I 2RV CTUEIE 99%
RH Tho7o. BITER—AEO IV IZH 95%RH TH - 7z.
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ER

1. BLLTOFREBHEREOBRK

H2EE 1T, TRBEHECL-oT B REOAHEEFML, INESZOR
FEOFMERETREBEEOICETT2 28, BWLIOFEAD 0 LU o # 3 IH#%
K 4~14 BTHHZ L ZWONIC L. RFFED “BEK 280 ThH, INHEHORZE
OFMEEEIL “BA RO — THEEBEEMICEA L. LaL, ‘BA
DINEEHRORFETIE T T TBVLIOFERN 0 LN ThHo72n,  “Fik 1L
BERAEWEEBWLSOFALEL, NEEZOREOF AR Kb E > (F 13K).
ZOZENDL, B ICBWTIINMEEZDO RNBEELRFETLZEVEHEETHY,
T F LR BRSO K Sy 2K BB o 1 2> B S AR AR RIS O W TR L2
NXREORWHRERILIEIC, AEOME, WE, HEOFE, Ritozx, b
Ik > THERESR TS (EE, 2013) . gido B4 & "B ol
LINFEEZ OBMMERE LB L EIOFFA 0T, RAEICNZAEOREOE
v O (IHHE S, 2004) gL TWHEEXLNT.

2. ‘B’ ORAEERKFERFORRE

AT 226, ARHFFZEOHIZINBEEZ OBV ERNBEE 2 HEFITL52 L THDH. 1-MCP
Tz F LV UERAZ5RNICBEE L (Sisler * Serek, 1997) , A FIZBWVWTH L OEHALM
il 2h e D 45 2 & D (Harima 5, 2003 ; #)ll 5, 2005) . L2 L, B 2 12T, 1-MCP
REIZ LD B OBWRRABEORFERIFBO L2070 (5 15K) . WL
%5 HETOTF L AR E T ,me@ﬁa,ﬁmﬁak%molmkgmﬁu
TThoTeZ b (F 18K) , IWHEEZFIZI T 2 RERIL Z D 7200 Wi EE D
KHIE, =FLrridEiErsineEaronk.

1-MCP MLFRIZ L - C, #{LRITEL< Mo, BFELEEmELEZ (F17K) . 2
i, Fxms (2005) o ‘Hta’ RECBTLIMBREEFAKTH 2. L% 6 B
B, 1-MCP AL BEX O = F L Al B IS AL X L 0 K< #ER L 72 (58 18 1X) . 1-MCP
o F L UEREZEL, BRELTHRAICHS B OMEEN =T v Bk s i3
%5 Z &b (Nakano H, 2002) , KIELREOEEZIMATLEEZ DN,

¥, FEB 2 OBABEXIZEWT, LM% 11 BLIE, E{ERIIEmL 2 (58 17
) , BRI RESE T Lo (BB ISK) . 24U, SIEL7ZREEZOH
ERRELEZ L, HWERETEREENICKRT T 2720, REOKMERET & Zlo
MEA/ NS 7en 2 &, BALEIXREICHN CTHET 228, HWEBEOSE 2 5 E k&
EREOFHLEAZBE L TS (Akimoto B, 2012) , i Il & il 12 8k b o #1734
LEEMP TN AECLTVWDH I ERENRBERLEEZ L.

FBED (2002b) X, ~vU A IR EAT REOERRT, SRELZMX TR —
VEIZ LD KRB R EZRE L TS, ER 3 ICBWVT, BBER—ALHICE
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L R ORNBERREDENRDOLNE. BOLIOFFAN 0 LLEORO MY
BEIEA9 22x10° em® HZ DL ETH Y, T OHEIE, 81T B R — L 48 X 23 L HE 1% 2> 5 1Y
HE#R 6 B, BHEB AR — /LA KA HE B % O IR A 10 B &, BHR B AR — L4 KA
HABEN-T- (B 19K) . BHEER—LVEXOERZRDRITBEITER—-LVHEKXOE
BERAORIVIESHEBEL, RENSOKFGEBPIAHR SN EREREEZZ N

(FB20) . ZoZ b, FEBR2ICBWT, I-MCP AHEIZX D ‘B o REHE
REFIREDBBO SN N oo DE, RENDLOKSEBELIMEI SN hoTeZ & NE
K&z bz,

HE (HRERN—AVHAXEBRX) OEWVWIL- T, BEBLVEOEITIRD LN
e (B20) , WHEBEOZT -HERWTHEICRD O o7 (B 19X) .
¥ET— 7OV T (Y & HAFY) OEWIZE > T, EEFEADFEOZILEER —
L ARIZBWTRD AR (F20K) , WEHBEOZTRO N R o7 (8
19M) . ZNLDORRENL, REMERFEDR, aXA MBI OTHRENLEEERET D
L, BBER—VHARO I REROERAMRTELEEZ L.

HEF S (2001) (X, T AR CIREAET REOEBRT, ARV AEOKSE
BIEIZ Lo TRKA ML AFEZF U AR EIE L, ZO/E, FERZ M5
LEMELTVWD. £, HES (2002b) b, ZWMEEZIMATZER—/VFHITBWTH
FRo#mELLTWD., LarL, RERICEIT L "B T, NEH% 5 BETF L
VAEBREENEFITERSHEB LD (FISK) , WHEEHZDO A N L AFEEZT L
VOERIZED b ot E LN, DO EnD, BFIBER—IVIE O KK
BmHIc LA A P L AMFTEF LU DAERKRMENIC O TITHB TX Aoz,

ICHERL 12 HDARE, Be R — VA O FEBEICE D O T HEE T R E KT L EE 19X),
WAL MU (H21K) . F72, BOWLIOFFAN 0L EORFo HEEW D RITHN 3%
Tho (F13, 14X) , ZORKEOWHESL B HIX, EBITER—AVHEXAKN 6 B, PimE
R ARXDBKH10~12 B, BIBER—LEBXN 14 HUKBTH-7= (5 20 X) .
TEATEE R — VAKX & BB B R — V48 A K%, BRPEFERE 2849 22x10° em® HZ* I 72 » 72 H
CEEHADERN 3T oTHABMIZIERLETH- =0, BHEBER—1L5 B X CIITER
WD Z 3% 78 B AT R FEN AL U7, B B R — L8 0O /K 43 ZR B il s B £ 9
HOfA o Lo oEkzemfl Lz, HOMBER T 1L o Akic k- Tk
O, EEHIVEO EF IV LERNHIEOBENELCTZEEZLNT.

B 3k, HEORE, BR—VHEEAMMALTCEBY, REOWREEIIRRLIEMHETH
S, e, BR—1LVANOZF LV UVRESHTAMBEZIE L TR, 4%, ik
BR—LVHEOEMbEEZR > T H, EEORBEZMEEL, P THELARVWRERKX
ERETDHELEBICHEZORIZICKIT DR Z2BEMERIEONE, BER—1LHNOD
TF LV URESH AR EOMEZITILEND H.
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IZX - C, BB AR — V50 0 B R A X, ALEE 10~12 HOM, AEICE S HEB LIZ.
L2vL, EITER—LVEBIOEHOBEEEECS N TCEIIRD LR -T2, Mk
FEIE 25 22x10° em® HZ' DL EICB W CRABENRESND 45 & (5 13 K)
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— VN TR L2, BB R — LRI F LR EBLEZ®ELS (Pl b, 2012),
IR — VFIIR AT LB EV T, MIbEREE-T B2 b,
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U—RFLTHEROVMATHS. 1980 FRETCOBFRAE L, RELRENEL, HEMED
BRWRADFEREHTXOBFERTH Y, 1995 FICRKEMESLEROR S ZBR L7 KK,
2003 FICHRARFEORE L LT "B ZmEREGLE B, 2013) . BEAEOD
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B2 AMCEITEDAF ‘AW OBBIAGAEZDOMSRE

WA, BEOHEEITEEL TEBY, FICEWHROBEEENRIEFITHAS L TWND.
MHBAZAE (RBARIR, 2011) [2Lsp e, HHEEN 29U T IZHIT 5
71 3% O - KA T ON B, T A 60~ 69 ik O AR IR T 7.2% L FEFIT AR <
FRICBITIDZDFOFERTFTAEHRENRTWD., ZORWEIBL, 7XoOFEERE
ERL7-012F, HEE=—A2BELATTEBKOBENLETHDL. HWEEL I X%
AT OBEOEE R ERILA, WTHY (Bt - FE, 1979a) , £, /MEER L F
ZHEANDBEOREEARERIE BWOMFRE THD (koo - JHEE, 1979b) . 2O X9
DN D, WEE=—XL L TRREIEERBER Tho7on, BEHRKEERDOED LR
FOEREBREERE N EESE ERBEEEBOLZRE L T X S (BH, 1978),
NXEHIZBVWTHEE = ANEEBEBIND ZLITIEFEEAERL, REISRLALR
EMBEEMTCHEMAINLINEWENELS LT, L, BRBIBY, 5% X
FEHNAEZFE > TS 72DITX, HEF=— X2 KREBEREICMNESITHZ LA mO THE
Bl o T& 7.

R I 1995 F I EBRE SN TEHAEDOEET AT THY, BRIEAL TS Z
ERBRRKORFHTHDL (IWRD, 2001) . HEF~ORBT V7 — FMREICBVTH
AR E < OIE, 2009) , K3 A &mfEE L THMEERO —ME2H 5 Z &1
NXEBREOEBEILRICEND. KK ORBKOR S, BEAY 77 LLTNED
Z& (AR, 1994) , “EBAH LIIHEMRN RS2 L (88K D, 2010a) R EITHD.
BlcYy 737 L LERBBRIIAETOIXICERVEHEZRARBRKTHY, FvoLohsa
b EINTVD., ZORBEZEEMICHMT L2 L1E, BVWLIOMH L &I
LHODXFHEEIERKICERYMHICHZ> TEERKRAA L N THD.

WHRDOBIENETXEBICADBERLEFICEETHIEE~A 707+ TeHlIT 24
ERELNRTWE., L2L, MAEZEOKRE N &, FEHEDORWZ L RFETH - 72,
% 2T, Sakurai b (2005a) 1%, Yr—T a2V U T NVICEASYE, TORICEETHHE
BIREhZ 70 —7 LA N COMICEHRATLEEER TR T 2 8EH &% & (Acoustic
Measurement of Crispness, AMC) % L7=. D%, TOELET — X547 % —7
v IVTF T 4 v Z TR EE IR Z L2 THUE{E L (Taniwaki &, 2006b) , &)k H
WmsEEE 2 Hy, X VX —RBEEBEELFHE W E CTELR L7 (Iwatani b,
2013) .

Sakurai & (2005b) 2B W TIX, AMCIEIZLE > T ‘B OWEIFMZITY, T O
WRIT A= — [y =T R AIEE | 27 L7, $£72, Taniwaki & (2009a) (23T
1L, AMC (k& Muramatsu & (1997) 2B L7 v —H%— v 7 F — (Laser Doppler
Vibrometer, LDV) {EIZX - T, “BH & ‘KK OoBBXEZHALMNILEZ. H2=E
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% 1 8 TlX, AMC % & Kuroki & (2006) 23BR%E L 7= & E @ E O /NI EEEIC X -
T, ‘“BA OBRXEOFHEIT-oL. ZOLIIC, AMCIEZ T LT, I, I B
A OWHERMENRH LN/ TE T,

Taniwaki & (2009a) 1X, AMCIEIZ LD “BA° & K OBEIELE (TL: Texture
Index) OHEBN R D ZLEZHLNILEN, VY2747 L LERKOFMIZ OV TIX
BEfLTWAwn, 22T, K% TIE, AMCEEZAWT, ‘KK 2B 5% 2747
Lk (LLF, 7% 7)) o &M GTER X IR O R (CRIEHE O R KL
) EEROBEBIZOVTHRHLEZD THRET 5.

MRBELUVAEE
L INEEEREIRILF—EREEORER (ER1)

I B R SE AT B o & —HEAR O 14 F4E KRR AR L72. 2010 4F 10 A 13 H, 15
H, 17 H, 19H, 21 H, 23 HB XU 25 I, REFZORELEAN "8F A7 —F
Yo ME EMRKES RBRBRIGERL) T3S5ICELEREZE TRNE L. 1T —
%%~bﬁ35i®$ﬁ"Té‘k%’@W%%@T%D,ﬁimﬁﬂﬁﬁ%f%é.
REOOWEICITAEEAEFT (CR-400, =2=hI 7 F (K) ) ZHEHLE. #HIL
(2008) OHMEICHEL TRAZ/ER L, WELZAMHAE (H° ) 207 —F v — ME
(CCIE) I2Z&H#L7-. CCHi=—9.163XLN (H°) +43.807 (r’=0.987) . ZDt%, =
i FICRE L, 10 A 26 BICEENEL X OERHMAEZIT > 72,

BT AMCIEIC K 2 EZEE ( (F) AWERHFFET) CRIE L. RERE
MEREI 2cm BECHmYIVIZL, BEO e —7 (E£L 5mm, & 5mm, A 30° )
TREICRRLEWVREAT Z 5 0T, BEROmMEICHE LEZ. E5 22 mm O3 E TR
EEICH L THAICEASYE, TORICAELIBFEIREHE2MNEE > THRIBIL, B

NERERFZa L Ca—ZTHITLEZ. BOoNTEEFEIELI I —TLTF T 414
ZHWT 19 O JE RIS E Lz, Iwatani & (2013) OB ICHE L T, £ 8 B
o= 2L X — RS (ETI : Energy Texture Index) % 7 — # G (t) , EFRJA
Wt (f,) , FIREKEK (f,) BLOERE (V) 226, UFToXNTHRMBLE.

ETI=(1/t) X (1/f,f,)*X Z (Vi)*
HREREAMIL, S BMEREAETH 7 ¥ 7 (FEHICHV : —2~FFFITEV : +2) B X
BV LE FEFiIEBV LSRN —2~FEFIZB VLW : +2) ZF L7z, 3V
A ML, PXREOHEFMORBERMALEEZD 1 A (I5K) B0, RBRK4 %

RET7 9 %2 TREE L 7=,

2 EREHICRELE KB & HI OIRLF—EBREROLE (R 2)
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Wl X —fEDO 14 F4E KK BLO 15 4 “HEK 248 L7z, 2010 4F 10
H25 Bz, REHORLGN ‘8 MHI7—Fv— MET “X¥K X35 “HK
L5010 LR RFELA SR L2, “HK ORFELABEIE FE L WRARRA
B4 OFBEoORHTHY (LEH, 2006) , EREEIZIHSWNTIEH 10 AR FTAICHEY L,
PAEM e E L TH T —F v — MHES.0 TWHELZ. 10 A 25 BICRRWMEERNE, 10
H 27 BIZERENER L OE M E2 1T - 72

SRR TR A T K /N RREN R E R E ( (F) AWIREAZERT) CTRIE L Z.
REOA~TZ EMEICLTARY Y EICEE, NMEREZRSEZREOREL O A
MECEE A, 100~1,500 Hz ORE 2 5 % 7=. 5 2 W EEH (f,) 2 A7 b
E— 7 B LONMHE B KD, Kuroki H (2006) DFEICHE LT, WMEFELE (EL: Elasticity
Index) #LL FORXTHRM L7z, REBER (d) FMNESR EZRBOFEATLR S L.

El=d*f,’

BIEHTE & BEREMITER | LRBEDOHETITo=. B, BREFMITER 1 (2
S (EFITEH O 0 —2~FEFITHE - +2) EMMxTEMEL 2.

SINERHORE (BRER/) LIRXLX—BEEROMR (XREB& 3)

Wl o X —FRO 1454 KK 24 L7, 20104 10 A 25 AiZ, REBOEK
By BAE ORI T Fry—MET3ISBLOA4SICELLERELZE TRIE L. 7
B, W 7—F ¥ —ME3SORFEFTERI THWERELR—-—DOLDOTHS.

10 A 25 HICRWMEERE, 10 H 26 BICEEHERL L OERFMAE R 1B K02
ERIERD 1L TIT - 72

R
L RELZABEIRILTF—BRIEROBR (REK1)

TR L X — BRI E i 0~50 Hz, 100~ 140 Hz 35 X O} 3,200 Hz L kI
BWTILER BB P REOICHEVR T Lz (55 30 ) . JHAEEHER 0~50 Hz ICB 1T 5
TR X — BRI IR 1~3 B & 9~13 HIZIKFL,3~9 HIZIZIERMITVTH -
7= (5 31 ) . JEEEHEE 100~140 Hz ICBIT 2 = 3 VX — R EFEE TN HESL 5~7
HE M~ HICETFL,I~5H & 7~11 BIXIFEMIZV TS - 7=, B 5 H# 48 3,200 Hz
YL EizE Téizwﬂe~ﬁﬁﬂat¥k;oﬁ747‘7@@@5%“ X% S~13 HIZIK T L,
1~5 HIZIFEIZ VW Tho7m. BRI 11~13 HIZAMICIETLE (B31K) . BWwWL
EDFE R i*f&#m@@@#ﬁka&afﬁ*ﬁ%@?&%%%bf: (F— 2 W) .

F 72, FEWEHEE 0~50 Hz, 100~140 Hz 33 X 0" 3,200 Hz L BB IT 5 = x /L —
BEIEE L Y 7V 7 K OFFE L ORIZIE, HEAMRE 0.7 L E DR\ IE O FH B BI LR 2358 0
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bl (FB2&) .

2. BHRBHICIELE: KB & ‘H OIRLXF—BBRETOLER (ER2)

BEPEFRE R L KRk T 28.6X10°cm’-Hz®, ‘HH T 26.6X10°cm’-Hz" TH Y, i
mAEBICABE R ZTRD N R o7z (FH3HR) . BESOFAIL KK <-0.1, “Hf
B’ Tol1Thy, MifmHEMICARREXBOLRN T, 73 7 EOFERIT KK
T 1.8, ‘“HEK T-1.5 THV, WHMERIZ 0.1%KETHEREZNRBD LN (F 3
#) .

T, WMHAEMICBWT, EBR 1 CRLULEBAEEERICBIT 2 =3 VX —REHE
DH B, 0~50 Hz TiX 5% /K%, 4,480~12,800 Hz TI% 1% /K%, 12,800 Hz BL £ Tl
0.1%KETHERENRD LN, FFIT, 4,480 Hz L Lo & B <TIix, KK
NOCHK KA BRICEVZ XL —BEREREEL R L (B 32K) .

SINERHORE (BER/) LIRXLX—RBEEREORER (R 3)

R ORI T —F ¥ — ME 3.5 T 28.7X10° em®HZ?, BT —F v — b
i 4.5 T26.7X10°cm>Hz" TH VY, WXMICHAERETBDOON RN (5 4%K) .
HEOFESIEIH T —F ¥ — MK 3.5 T00, #7—F v —FHl 45 T-01 THVH, WX
MIcEBERETBOON Lo, VI H 7 EOFERIZTHI T —F ¥ — M 3.5 T 1.9,
N7 —F ¥ —MEA45T14THY, MXMEIZSDKETHFERENRBD N (5 4
) .

T, 2 008EM (W7 —F vy —ME3S5 L 45 OZFAX—RBBEEEORICE
WC, B R Ik 12,800~17,920 Hz Tl 5% /K%, JE B8 0~50 Hz 3 X O 4,480
~12,800 Hz T 1% /K %E, J& ¥ HCH K 3,200~4,480 Hz TIiX 0.1%/KH#ET, 77 —F %
— ME3SOHPARBEICHVWERX VX —REEEL R L (533 K) .
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ER

ARFEDT 7 AF ¥ —RBUIFEFICELL, BARAANIT 7 AF ¥ — IR L THMTH
D, ZEbYEHL-TWDE (B, 2009) . VoraovryF vy FERLAALDIDOT v
U ERMITITHEORBIENDY, TV ATy —L LTREEINDN, Wkon
FIIEZOL) RFHEOREBRE, 77 AF v —RBE T ero7c. L2L, ‘KK X
HSFETOIXICE RV I7V7EEHL, TORKIT KK OB WWLEIZ2RB LT
Wb, 22T, ZOoV IV EEEBENICHEMT 22 L0, BOW LML L DI
R OREFHMAEITO DA THERICEETHDL. KK ORAMEIX BEAH’
REWTHARTRKL N (TA2M5, 1997 ; (LHE S, 1998) , FAMEEE O #lEE 72T T
AT D L HEADZEMOL P WETEICR o T LEI D, BROFBMZ2HEZITV, W
IH 7 EEFMT LI ENEETHD.

Fh 1 CINHEHZABORL DS KK ORBHER X OEBIEG A 1T o 2. A
#I 0~50 Hz, 100~140 Hz 35 X O 3,200 Hz LA BIC BT 5 = 30 X — £ @ f8 12 13 I
BHBPEDICHEVET L, Y77 EKOFFEREORIZRWIEDOMHEBEBEMRNBE D b
7= (30K, H2K) . LarL, FEHEAEK 0~50 Hz 2B 5 = % /L ¥ — &EIEE
DIRF AR = Z Y 7V EOFEDOKRTRNE =D LR D2 LD, BEEE
8 100~140 Hz 3 X 1" 3,200 Hz A LD = L F —BIEIEFEIZB W TH 7 3 7 O E &
PR FTRE E B b (8 31 K) .

WIT, FEBR 2 TREEMRMEBICIE L R & CHRC o RAEERE, 8%
HIER X OVEREEM O LE 21T o7z, RAMEZ R HERE S BFEAEMOME RN,
R O CCHEC CoOMICREREEOEEIRD LNV D, BREOETRDLND
NI B3R . ZTLT, TORBRKOEBIRIENMEOKEND LIS N
272 o 7=, 4,480 Hz LL EoO@EEEHIRKICEWNT, KK 2 “HK X AZECEV
TRANAX—BBEEEZ R L (F32K) . EBR 2B IOEHROFER 1 o/ RHE DR
b, KK OV 7V 7 EOEEFMIL, BEEE T TE RV, B
4480 Hz DL EIZB T2 =3 A F—REHFETIITE LI ERHLNIIR -T2, ZTHIT,
AL BDOY Y VEEERFMT D220, 1,000 Hz LA o & 8 il o il 2 k& < GF
fliLTWaELE %I CHADH, 2011) . 72d, EBR 2 ICBITS KK & H
K I e b EENRINEEMORELH VWS, bbb, MO REZ i
ZTWRWED, ZO/RBITMERZEDOA TR, TRLENOREDE N EEL T
WHHRERD DL EEZOND. A%, REZRZ TCEREZITV, XVEaBEICY s
V7 REeERFMTELHBEBEFEREBRFT L TS LELRDH D.

R ERAREZIEHEENMELS, Y I ERRO, WEAICR D & REE R
M, VI IENRL D IR, 2009) . BIE, EREBICEKT DS KK OIUHE
LT REHSORLEN “EF HAHII7—Fx— ME3SUETHY, BEELY LI
VI EERERMAL TS, 22T, IWHERFORE (REBORELE) & REOMEGEH
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BELE. W7 —F v — ME3S TINHELLRIEL 45 TIUHE L2 RFE L ORICRERE
DEFRBD LN >0, BEOZIROONE (F4K) . WHEEK 1 BOD T —
Frv—ME4SOREZLNHEXR I~11BOI T —F ¥y — MEZSOREIIBITF LT3V
XA EL T 5 L, 4.5 CINHELZRFEZORFIL 3.5 TINHEL-REDINHERL
T~9 HIZHYETEEZ o (B34 . 7+ 7L KK oL oA
FTHY, BREZEHLLLEBROPT, 7 —F ¥y — MEASLULEORFEOHFIT K
B OFME TICERNL ZENEESNTZ. 4%, ‘K o—EBoO77v Nz K
H7-0IiE, WHEEAEOBERGHEEIMRHNTILERDDL EEZ X DT,

BfE, PXORMBEERICBVTIE KK ORBKORIEZENLIEEENITHbT
BV, 2007 T REET & KB EAZMEL CEHR I KRR A5 R E
Sl (IWHE B, 2008) . ‘KR IEIAERETXTHDLZ DML AT 9 DY,
Biuete &7 7 Bk s (B, 2009) . o X5, 5%, Y7 EEH L
MO A ENTHMEN, VI H 7 EEEREFMT I LT EBEEIIRD L5
bl

Sth, WXOWEIMKEK D DX, KK OV 737 EEHHL TV LE
Wb, 3 7F 7 K2 EREFMT DI EICK->T, MEERSCHERINE X Oy
WOBREEZDRY, HERMICEDDLIZLENTEDIEEZLND. KK ZEEH &
LT, WXEHOEENRMEFIND.
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—-O--- 0—50Hz ---&---100-140Hz
=

- 3,200-4,480Hz ----- 4,480-6,400Hz
---%--- 6,400—8,920Hz ---<---- 8,920-12,800Hz
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—— ¥Rk
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ok AR I DA B D L —
LR RO A L ORI

JE I At (Hz) FHBAER %K (r)
0-50 0.806 sk
10-50 -0.277 ns
50-100 0.073 ns

100-140 0.705 skkxk
140-200 0.597 sk
200-280 0.433 sk
280-400 0.215 ns
560-800 0.429 sk
800-1120 0.073 ns
1,120-1,600 -0.130 ns
1,600-2,240 0.163 ns
2,240-3,200 0.695 sk
3,200-4,480 0.859 sk
4,480-6,400 0.901 sk
6,400-8,920 0.901 sksksk
8,920-12,800 0.892 sk
12,800-17,920 0.920 sk
17,920-25,600 0.928 kk*

nsiT A BEZEZDRNTE, *xx30.1%/KHET
BAENDHZLER T (n=49)
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B3R PHEEMINCUNHEL 2 KR & HAK D RERE, SIRD I

L FE A B AR ORE A
(x10°% cm?-Hz%) il s Wl
KEK 28.6 -0.1 1.8
HEX 26.6 0.1 -1.5
A ns ns Kok

“RREIZERY, nslT A B LRI, #kk30.1 % K HETH EENHAZL AT
(n=8)
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— A N wm o SRR
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&I 3 B gk (Hz)

FI2E pHERHNCUNHEL 72 KA & R D= — REIEEE D HLig
MER I IR UEFA 2273 (n=40)
UREIZEY, nslTAEEDRNTE, *1T5% K AE, x| 1 %K 1E,
*x%130.1 %/ KETHEZEZDOLZ AT
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BaRk AW ITBUI DR REWE, BIROE

MR PR EEERR TR
(X 10° cmZ-HZZ) S WaZAnZdr
CCf#3.5 28.7 0.0 1.9
CCAE4.5 26.7 -0.1 1.4
HEE ns ns *

“UREICED, nsiTABEENRNIE, K T5% KETHEENHHZLERT
(n=7)
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KK BT D R Al R L — AR 0 B4R
eI YERR 25473 (n=35)

tRREICED, nsiTABEENRNIE, *1T5%KYUE, sk(X1% K UE,
1130, 1% /KETHBENHDLLERT
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- CC{HE3.5: 3day

16 r
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S - B« S
0 N =
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B34 KK ICRIT LR, IR ARl L —RIRFRE OB
HERR I AR R E 27~ (n=35)
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E3fi 1-MCPRESIUVRVIFLUVAEIZELEDDF ‘K ORBRBRERHIN
)k

]

=

A, BEDOMEPNEERL TWHLH, ZLDOEMIZENTT Z v FMEO T 74
PiThbhTng., L REREHFRMEGESS TIE, FMENEI D IO T TR
—FKOMET ] BAEE c WREKOF—TU—RELT, HMEBLOBELLMEL LT
FYRERZToTWD., [Bk—]) « [HK—a)] FZOFDONyTTTL RTHY,
VX 27— ol 2~4 ol el CRel & Tnwd (- T, 2011) . £7,
M RN OFREMICIT, K< BREBESATWS RR&E TEARL, FRICESKD H
Hinflia 7 7 FE L CTAERE - IRBHEKRIKICHR Y A TWDHIRAH 5 (k- o,
2008) .

CREK X 1995 R R I N AEAOREET AT THY, BRAEAL TS D
ERBRRKOREHMTHD (LIRS, 2001) . ‘KK OBRKORIEZ, BRENY IV
ELTWDZE (LR, 1994) , “®BA LIIMMEkREZR2D 2L (88K5, 2010a)
BREEHDL. B IV LERKRESETCOIFICE VWHERRETHY, T
POEORABRELIFENTWVWS., ZLT, ZOBKOKEHRTHLIY 77 L LR
BN L7 7 P, Thbb, REEZRBHEAFET2Z2LNATEOEMOMN
BX, WEPETRVBEBH THLIIFOHFLWEELBMEST L LHHGSNRS.

NXREOWEHN B WL ST 2%, IFEICE T 2 MBEREE (RAMEE O
FEA) AT AT TE 2. A - ZEE (1960) , A (1960) 1T TEAT O4fE
IR E S NIT L, 006 mm OR U = F L UEIZ AN, 0CIZHFERT 5 J7 ik % B
¥ Lz, BUE, ToFEFERLIh, ‘“BF OWBMAREBEL TS, £/, X
% - e (2002) , F - BEER (2005) 01X, CCEEET AZRBU AWM LC®, ST A
Fy 74 THEAEL, 1CITRFTLE, K 2~3 AMOEIITE FTHE TH
L2 LEWBENT L. L, ZAb REMEEICHE S < BrjEtE o f Al & ARG X
B0 THY, BREORFICET M ITITHLIL TN,

BREOFMEATOICH 2D, EEMICHFMT 2 HFERLETHD. ZhET, B
OFFMITE RS AN TH Y, FBWIZFEM T 2 FiEN e o 7=, £ 2T, Sakurai
5 (2005a) X, Yo —T VT NVICEASYE, TORICHRAETH>EEBIESHE Vo —
TEEVANCORMICEEATEER - CTHRINT 2 BEHEZE (Acoustic Measurement of
Crispness, AMC) Z#B¥ L7=. D%, TOEIET —F&2XF I X —T~<VFT7 4 LH
T AR 2 &2 T L L (Taniwaki 5, 2006b) , #RENRR I HEE & W
RV, T X VX — BRI 2 s 2 E T ER Lz (Iwatani H, 2013) . £ L C,
RIf Tk, AMCIEICE > T ‘KK OV 7 ¥ 27 L LEAREZEREFMTEDZ L &2 H
5 L.
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Z T, R TIE, AMCEEZHAWT KK o7 %27 & LERE (LLF, 72
) BEEMNFMT DL EE LI, VIV EOERFEETICOVWTHRF LZO THRE
T5. B, VY7V OB, B TEANCERACTEZ2EIFET 20
W R 2 A L2 WERIR LM T CTREHL 2.

MHEELUVHEE
LRVIFLVEENIRLXF—BRERICRIETEE (ER1)

I B U R A e o — R D 15 A KRB AR L2, 2011 42 10 A 17 H, 20
ABXIO23 HICH 145, 26 BBX 29 HIZKH 6 %, REBORKENEG I 7
~%¥%Fm<r%mﬁé%ﬁﬁ%%%ﬁ)fss ELIERELZNHELL. REED
WECITEEAEG (CR400, 2= /% () ) ZEHALE. &S (2008)
®ﬁ%ﬁﬁufﬁﬁ%ﬁﬁb,WELk@WﬁE(W)%ﬁ?~?%~%@(dﬁ®
[CZE# L7=. CCHE=—9.033xLN (H°) +43.185 (r’=0.986) . 2%, #HFEEIT
FTERLEHOEAEL TRV ED E L.

ZTo%, KEER)F Lo (K& S 180 mmX270 mm) CTE@E L7z, HEHX
t—hy—F—TIT\, B FICHEE L. 11 H 1 HE 10 BICEERAER X OE G
iz Ty, TNZNORAICREBIOREZAZAFE L. 11 H 1 BIZINHER 3~15

WY HINH#EH (10 A 17 H, 20 H, 23 H, 26 HB X129 H) DOREHK 6 £,
10 HIXINFER 18~24 HICH YT HNHEH (10 H 17H, 20 BB XLV 23 H) ORES
SHEAEZMMELZ. RV ZF L rOEEXE0.03mm, 0.06 mm B L 0.08 mm D 3 fEiEH %
A7z

BEIE AMCIEIC L 2 BRI EZE ( CF) AWREMIET) CHIE L. RIFERE
WEEI 2cm BEICEHYVICL, BEDO 7o —7 (B 5mm, 8 5mm, &M 30° )
TREICROREWRAE Z 5 021, B RomEICllE L., B 22 mm O #FE THR
EEHICH L THAIZCEASYE, TORICAELIBEIEHZ2NEEL P THRHBEL, H

NEEEFEZa Ly Ea—XTHMTLE. BonERIL, A7 —T~vLTF 7 41
H &AW T 19 OB EE I El L7z, Iwatani © (2013) O ICHE L T, £ B
Bk o= 2L X — R EIEHE (ETI : Energy Texture Index) % 7 — ¥ HFUfFEER] (t) , LR
A (F,) , TREMEZK (f,) BLOEEELE (V) »d, koKX THEH L.

ETI=(1/t) X (1/f,f,)*X £ (Vi)*
BREOT, BIENICHE U C, M EHEIE 4,480 Hz DL EIC BT A =2 L X — B 51 G
fili L 7=

B mix 5 BeBERESIE T, B GEFIZH W - —2~FEFIZHW - +2) B
FOBWLE GEFIZBWLLS 2w —2~FEFIZBW LW : +2) ZFEM L. Sx
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UZ ML, #XFREOMEFMOBERZBALEED 1 A (gaK) BTV, ABRXA4
ZIRETZ 5 2 TR L 7=,

2.1-AF o0 7aRYy (BT, I-MCP) RBLER)IFLVAERIRILY—

BEERICRETEE (X8 2)

I U R I o 7 —RE R D 16 A KB A L7z, 2012 42 10 A 16 H, 19
H, 22 H, 25 H, 29 H, 11 H2 BB XX SHIZ, REFOREAN ‘4 HH T
—F v — MET3S5ICELERELS S RINME L. REAORIEITER 1 LR
LETiTo7z. F£o, FEB 1 ERRICATZTEROEMORAEL TV D RE TR L 20
> 7.

MBI, KEERY =T L 48 (JEX 0.06 mm, KX X 180 mm X270 mm) ~C1{E
LR = F Lo (LT, AU OZEK) , I-MCP A#%, KEERY =F L
VRTHEAE L 1-MCP LE A+ R Y = F L aERX (BLF, I-MCP+AR U @#EKX) B
JOELHEX E Lz, vk, Mudide— =7 —THEHLE. FV=FL RO
JESEER 1 OFKERL IR WOFEMER EA2FE LT 0.06mm & L7z, 1-MCP I,
R[REMD T T AF v 758 (WA 117L) I8 L SmartFresh'™ (m—2L4 « 72 K -
N R e DX N (BR) ) BEANTESE L, 1 ppm T 24 REHEIBEQLE L 7.

ZTo®%, BEERTIZREL, 11 15 ACREBIOCRZEZMEL, 117 16 HIZE
HER X VBRI E T o7, 11 A 16 BIXILHER 11~31 BICHY L, BEIEE
FOVERMITER 1 LREEDOHETIT- 2.

R
LRIVIFLYVAENRIRILF—BRBERICRETEZE (ER1)

RV ZFLorad LRI B T 2% 73 7 oA, W% 15 B £ TRUZ VIS HE
BL, TO®BRKRELSBETFLE., BOUBRXICE T2V 73 7 EOFESIZEBRVICEKTL
7. WHEZLIBEFTEB LW 18~24 HIZBW T, ABREKBMICAEREZNRD L7320
Sfc. UK 12 L 1S HIZBWTIE, RV ZFLra#E L XKABAEK LY A E
WCESHBLEZ. RV ZF LV ROBEIOMICARERZITRD N2 272 (5 35K).
B, BOLIOFFEAIEIY 77 EOFREFEREOHREZ R LT (1=0.96, T —#
e .

TR X — BB OR R 28 36 XIZ/R L. J83 Bk 4,480~6,400 Hz (23551
DT RVF — IR, RBRXEICHERZDNRE O DN o . EEEE K 6,400
Hz L EICB T 22X VX —RIEEEIIV 7V 7 EBOFER L ZEXFRKOHEBEEZRL, =
I —BEBEE LS 7V 7 EOFEREOMICEFEOMBENRED S5, MERK

(r=0.74~0.77) Z 1% KETHE Cho7= (F—XW) . IHEHK 12 & 15 BB\ T
E, RV F L aE L ERPEAEX LDV ARBEICHESHERBEL, R oF L ook
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LEKOMICAERETR DN T

E%M@%m,ﬁmﬁﬁﬁﬁvifvyﬁ%bkﬁib%ﬁ%’k%<%% I
HER BB, TOEIFKRELS o7 (F37TK) . RV =FLoragiElLzK
OMTIE, M 5 BHLIEE, 0.03 mm X 2% 0.06 mm XE LW 0.08 mm XXV & HEIC
KEL<HEB L., L2rL, ZOEITDLTNHTH- -,

R (B T7—Fv— Ml 1, WTFhoRBRXIZBWTY, NEHZ 2 BT 4.0
720, IR 14 B E TIRIZEMRMIVTHBL, TRUBER L. ok, HBRXH
WCHfE R BT O bivZe ol (B 38 X)) .

B, BEMB B OEEIX 11.4~25.4°C (F# 18.9C) Th o1z

2. I-MCPREFLIURVIFLVAENIRILX—BRERICRIZETIEE (ER 2)

I-MCP+ RV GEXICBIT LY 7 7 EOFFEAIL, INHE% 25 B E THIZWICHR L
ZTOBRESKTLE (F39K) . MAHXBIORYVQEXIZEB TV 7H 7 ED
FEAITOREMIITIR T L., IR 11 BIZBW T, AU aEXKB XY 1-MCP+ &R
VAEXNEAHEX I LAEICEL, FYVAEXE I-MCP+A Y @EX EORIZAH
BEREFROLN o7, IR 14~25 BIZBW T, 1I-MCP+ /AU @EXNKRY

EXBLOELHEX IV b AEICESHER L. 2B, BWLEOREAETY 27 7
OFR L IZERKOHESE Z R LT (=096, 7 — X %) .

TRV —BIEEEO/B A S 40 XIZ/R Lz, JA¥EE 1k 4,480~6,400 Hz (28 W
T, BMAHEX T A LT —RBIEEENT 7 7 EOFERLD E00mDICHER L
LM@+ﬁU@%E&%@@E&@%K%%ﬁ%ﬁ%@%ﬂﬁ#ok.Eﬁﬁ%ﬁ
6,400 Hz UL BIZHB 1T 5 =3 VX —REIEEIX Y 7 3 7 EROFF A OHRE & 1T F Ak O3
MzZRL, TRIAX—RIEEEEY 77 EOFEREORICIZIEOMHBENED &,
FEBEFR £ (1=0.77~0.86) 1Z 1% KETHETh o7z (F— & M) . JEAFEH K 6,400 Hz
UEBIZBIT D520 F— R EIE, INER 14~25 BBV T I-MCP+ AR U @ X
MEAFX B LOR ) BEXK IV b ARICEHESHER L.

EERBEARIT, BOAEXARYAEXBIO I-MCP+HAR YV BEX I LAFEICKE
SHEB L, INHER BENRDIHEY, TOEIIRELS o7 (FH4 M) . AU OEKX
EI-MCPHR IV WEXREOMIZHLDLT N TIELLINAERENRD LI, 1-MCP+ &K
VEERP RV AEXID EREHEB L.

% 2 BETCORERE (7 —F v — M) 1, RBRXMICERBO LN
7oA, INHER 25~31 HIZRE W CIETMAE X 28 I-MCP+ RV AEX LD L HFRICKEL
WL (5 42 X) .

nE, BAEMB TP OEREIX6.7~27.0C (FH 15.6°C) Th o 7-.
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ER

1. ‘X osRBRoEEFTM

ARG (1981) X, WHFREFCBTLIAHOHEZT L IXOREAICESHTRS
NTEY, B7—F v —FMIRDRVABHEDOREH THDL E Lic. £z, 52 8 1
fficix, "B KBV THERHCELLTREAREL THIE, NHERORRA
MEBLNZOH%OMEZLICEZIT RS, AUKABEETHLELE. ZhbDZ &
NhH, KK WCBWTHINERFOREZANEL THIITRABEE LR L B %, K
HFRTIIERLZDINEINOHFEOHED T TORKEINHER B L L TEREITV,
o xEEoHi.

BT TId, AMCIEIC BT % J8 B H 18 4,480 Hz UL E oD = % L ¥ — k58 12 X - T,
K oV sV EERFMCE DL E L. ABFRICE VT, B EEIEK 6,400~
25,600 Hz I8 52 =3 VX —BIEHFEITV 7V 7 BOFER L REOHER Z R LR,
JE B B ik 4,480~6,400 HZ IC B T 2 =X NV F—RIEHEE TV 7V 7 EOFRERR D
e a2 r L7 (5535, 36, 39, 40 [XI) . J& M ECH K 4,480~6,400 Hz [IZHBWVWT, =X
NFE—BEIRE Y 73 7 EOF R L& OMBEREIT r=0.67 (EBR 1) , 0.74 (E5 2)
ThOVHE E1%KETHE TH- 2D, MUK T 2L X —RIEHBEN 7 ¥ 7 &
DFERID LCEmDICHB L D, ZoBEEER o E B MITEENS
HeEzbl., LEDORRERNL, RFEICENT, ‘KK oV 7 %7 @3 JE kK
I 6,400~25,600 Hz ICB T2 =RV F—BEHRIEICL > T, &WKE CTERFMT
ELZEDBHLMNIRoT. Tk, ABEECGHEE 6,400~25,600 Hz (2B WT, 7 %7
BERRFEN TV LI XN X —REHEEOEEZFFET 2I2IE, £ET 2B+ Th
Wiz, SH%OMENRMLETHDLIEEZLNT.

2. ‘K OBRRBREFHRWNOMR

AR (1960) X, ‘“BA ZRVzFLoo¥EdszrickoT, REMNSDKS
ZREDIE S, BFEMERAE EDL LA S L. Tsuchida © (2003) 1%, ‘&
B AR S QRE 20C, WE 60%) IZE < & @S GRE 200C, 1E =98.5%)
AN TAKRGBERE, = F LU ARENLZS R, RERENF LI Lo ®mEL
TWd. ERIBEIO2IZBVWT, ‘KK 2RV =F Lo aukdse, NEERN 11
~IS HETH I 7 L LERBEEZRFFT A ENTE (5 35 36, 39, 40 %) . &
mﬁa@ﬁﬂﬁﬁaﬁimﬁﬁﬁ9Hiff&é*kﬂ%<%%,%m),ﬁui%
VoIl Lo TR 2~6 HESKBRFTEZ2 2B LNI R, R =F Lok
Lt&@igﬁ&%ﬂﬁ@ﬁ&@igﬂ&%i@%ﬁ%:ﬁ<%%bt:k#%(%
37, 41 X)) , AU TF L o mZiC X DKSABINHIC X - T, BP0 ha BE ol 4 23
#7-4 (Tuchida 5, 2003) , ﬁ@wﬁé%éné&%x%ﬂf:.

EBR1LICBWT, RVZFLYORIICEII2BERFBIRICEIRD N2 -T2

-84 -



(%35, 36 ) . HEBAVRIRIZFLUVDESICE > THERENED LN
(£ 37K, BREOKRFIN TV LHIMES (INHER 14 ) OE=EBEADFIX 0.03 mm
X T 0.7%, 0.06 mm X T 0.3%, 0.08 mm X T 0.2% & DT NRETH 7. BE (1960)
X, REMEICEELZRITTERBBOREZ SEEZE L LTEBY, AU oF L o i XIE
BT D 02~0.7%DETITREME~DEET &&m&ﬁm&%i%ﬂt.itﬁﬁ
& (1960, 1961) 1%, ‘BA WKHLTESORZZRVzFLrzaELiEE A,
0.06 mm 7% 0.03 mm 3 X 0.08 mm LV b EHEITERT 22N TE, ZoHHBE L
T, KGEBOILOHB TR TAFZMHEOHmZEMHRL TS, L, RFFFEDO XD
REHMOREFECEONTE, RVxFL itk s MA RO REMITELS, REMLE
WCENEL o EEBEZLNT.
I-MCP i Z=F L > {ER 23 JJICFL5%E L (Sisler » Serek, 1997) , U > =, F v/ i
B ERRDENREIN TS (RS, 2005 BHAL, 2011) . #FT
X, CJIMREAT , L, TRARRAEEART, KK RZIZBWT, #{bimdl
@iﬁ%ﬁ%&iéhfwé(ﬂarima 5, 2003 ; i S, 2006 ; HIIS, 2005) . EBR 1D
AV F Lo LERKIZB W T, INHE% 18 H B, REITEWVARAORKD
RENBELBOZZ NG, ZRUEORFEIFELMMEZELIERTLE D &H
Wr L7, RAMEICH L THTAZHEFIRERERBLZ RSN E (B4, 1961) , £
BRICHRHWOBIL LERENORBE R EEIBOONhoTcl &b, ZoWbiz T
iz iéﬁ;%ﬁk%z I-MCP LR 2 3 r 72, 3EBR 2 OFE R TIX, 1-MCP LH %, K
Vo F L oadkziro b, NHEEZN2S AETREEZMRFT LN TE (5 39, 40
M) . RV =F L a0 AT ARITINERZN 1~ BXTTHoTZ &M
5, I-MCP Z LB 4 % = k’iofé%’ﬁlw44ﬁﬁ<%%f%é LB NI
Rolz., ZOZENL, RIZFLradEoRr TRESZ LIESL LTHrL4 T 51k
X, PRt zFLUBRBEELTWDS EBZZONT. AFETIE, = F L UARE
ZRELTWARWR, BE 20C TR L7 "848  TEEBESRMAE GBE 100%) 128
WTHZFLUREATLIZENDL (EHSG, 2002) , AHFFEO KK IZBNTH
TFLUBREAL, RKIZFLUrOBNICRAIZZFLUBEED, BILICED L&
b, ek, EB 2 OBEBRAORIZEBWVT, I-MCP+ ARV @BEXMAFRY GERX X
DHDLTDICRELHEB LT (B4 K , RVBELZBCLOENESZSZD
ﬁt.#ﬁb%,rwy+ﬁvﬁ%zilmmpm IZ24 2T 2720, RV @ik
RIZHRT1IHEBELS ARV BEEZIToRLIERZOFEEREL-EEZDNT.
UEDORRPG, NV =F L o mdEIc XK EBMEICE > T, NHEEZH 11~15
HECRIEZRFHETEZDLDZLEPHOMNIIR -T2, Z0%, MARKEBELLETF L IC
K oTHAENAEL D772, I-MCPLEIZ LV, INHEZK 25 HE TRENMERF TS L
%z&nt.Lﬁb,i%vyiﬁii%f%%¢@ﬁﬁ<*-ﬁﬁ,wm)%%%
mE (Fxfb, 2002) X TEDLLD, RUZFLraEoRrTiX, RESE
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IZ K> CTINHER 11~15 H L b RAfbT 2R BR I D, 22T, 1-MCP &
HEICRYVZF L a2 iTo L, OV 27 28EL, XL TCREEHE
THIENTEDHEEZLNT.

—B R REICB T, BWICHEME T 5 AE 2 R E T D Z K IR BE A R Rk 2
5 (A, 2002) . 7=, BmHR5 (2002) X, ‘B RFEL TEEE %%@@a

DEWEINRIFUEOUR UVBREOEWVIZED EHELTEY, o FI12iE2 0 K
W oYY 7L LEREL INOMBERKKSOENICEIDDEZEZLNS.
F o, REOWAC IR KRS OENIC LD H DT (Tsuchida ©H, 2003) , K
OIR T b FEARICHERRE YOEICLD2bDEEZLND. BALIH RO B 5
1-MCP LEIC L > TRELMEFINLZI 0D, HIEOHEIT & BEOME T I3 I3 I1E R4
ThodEICRZDN, EEOMBEERMB K T OEITHLNTIERY. 5%, AK

IR A MRREERE R B L OF DO HONT, IbEDEWEI L NICL TS
VENS 5.

Fo, AMRETIE, FERTFTIZBWTARI ZF Lo THEUELZ. ER 1, 2 &b,
BHHEFMMFICB WV TRESLEIKITE U Do, FIR N CTOBER T A
FEOMLBRMENH D (A, 2002) . 5%, IV EHMHE, BREEZERFLELS &35 L,
A EPET D E L BT, KoEBEME LN T ALZHB\ERHY, =F L
DEBOLWMBCTCEL2HAR) F L OFASCKRSGEE FTORFEREEZRFT LT
SHENRH D .

1-MCP LFZICARY =F L w2247, INHER 25 HETREEZRFL TS, KK
é(ﬁ?—?*~%@)@42w1“%U(%42.),%ﬁ£%%i@#ok.%ﬁ
1, 228U C, REAGOEIEEOEE RV, WENH &2 O LB R Tt
T3T570 A THLI ERTRBINT.

CREK O EWHEBEHEOANLIRNEWSRETH D IR, 2009) , BRI D H A
REIiZ 10 A ~11 A EAERLNTWD. Lath, EANED &Y 7 3 7 fixes <
B IR, 2009) , V77 EORNINHERE X -BREINLDL. ZORKD
H, KRB LD EBERFEMMET KK oV 77 EREe EMBERET L2 N T,
PAd M E 2 MO AR ICBT A 2N TED IS,
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2.
g
2 1
B
% 0.
N
EN 0
ENN
= -0.
-1.
-1.
35K

—@— 0.03 mmX —A— 0.06 mm[X
—&— 0. 08 mmX. ---O--- AL X

3 5 7 9 11 13 15 17 19 21 23
INFER HE (H)
AU Iﬁl[/\//ﬂ\’{zjéi)) ‘j(*k’ @%7%7@0)%2“\5\\&:&&&#%2%
BRI BEERE A T (n=3~8)

[F] — IR BB I 1 D 54 75 Wi Tukey—Kramer D 5 B FRE 1 C
£V, 5%KETHEEDY
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SR C ©

0 @HEEH O N %S

“0 TRAXYEE @ Iowen AL L) [H-H LR & A2 H B — (=
(0V~GT=U) _p3lr 2 S E s wd T

HLBH N E Y — 21k T LSE2ZH 009 95087 P EF B @ WY, WUHREAAALT A EICE

R B -0
Xua 80 ‘0 —m—
Xuu 90 ‘0 —v—

X £0 0 —e—

(B) ¥H BB
LT ST €1 IT 6 L § ¢

ZH 008 61026 '8

(H) ¥%HF@xh (H) ¥ R@xh

€6 I¢ 61 LT ST €1 11 6 L S ¢ €6 T¢ 61 LT ST €1 1T 6 L S ¢
T T T T T T T T T T 0T T T T T T T T T T T ¥

9%

ZI[ 009 62026 LT 2l 066 "LT-008 21
(H) ¥%H B3 (B) ¥%ER@A
€2 12 6T LT ST € IT 6 L § ¢ € T¢ 6T LT ST € 1T 6 L § ¢

ZH 056 '8-00¥% "9 ZH 00% "9-08% 'V

(c-2H o) HYEF—F kT

(c-7H:oA0) BHEPEP —p kT
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12 ¢ —e— 0. 03 mmX

—4&— 0. 06 mmX .
10 - —&— 0. 08 mmX %
a
---Q---- S X a §/
2 °f p &
¥ 6L a "
jﬁ a /,——’é
”ﬂmﬂ 4+ m,—"
1 -
a-
o, e b b b P
- b
el el g g g X
0 Ml — ; i T e

% A% ()

FIIE ARV =F L oadEn KK OEERDRICKITTRE
MR IR ERR A 2 R (n=3~8)
A — % I I D BZIF 5L, 7— 27 A V&A%, Tukey-
Kramer DZ BEMREIZ LY, 5% KETHEZEZDHY
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—0— 0. 03 mmX —A— 0. 06 mmX

—&— 0. 08 mm[X. O EALE X
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o
J

A
'd\
J

N
R
g
#
1S

3.0

0 2 4 6 8 10 12 14 16 18 20 22
IR B3 ()
WIBE AU TF LR AR OREGICRITT R
QERITERGE 2 R (n=3~8)

Al —INFETL B BT 5 BT 5 iETukeyKramer DS BB TEIZ LV,
S5%KUETHEEDY
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—o— RV AKX
—aA— 1-MCP+ RV A% X
2.0 r - LB X

T I BROFR
o
o

\\ b
_2' 0 1 1 1 1 1 1 1 1 1 E b
11 13 15 17 19 21 23 25 27 29 31

% B%% (H)
FIIE AU TF L adE -MCPALEEY CKFK Y7 Y7 IEOFE N
A4
TERR IR HERR S % oR 9 (n=8, UNFE% 18 H (En=5)

Al — IR A 2381 2 BT I Tukey DL HIREIZ L D,
5%KETHEEDY
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0 RFEEDOHNW%SG "0 TANXYHEE QIAOMLRI & L3 © Q21 H F a3 — [
(Ge=URIHSTHF L ‘0v=U) p3 B eilgim) TR
e 7 LBV DN B — e 10k = 2 (ISE2IZH 009 "G8-08Y VA IE A @ WY, (EWION-T AL (3 BOvE
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10 —o— RV BEX
a
—&— 1-MCP+R Y B R /i
- LR a
8t P
—~ a 7 @
X a . &5
5% 6 ?f ______________ i
A B
& L
-2 0
2 L
b
a b " b “_b/-i—b —k—
0 T yauu| 1 !_("T f.ﬁ C 1 C. ) C

%A% (B)

FAR KU xF L o@mEE I-MCPALERY KR DOEERLRICKITTEHE
MR IR HERR 222~ 9 (n=8, INFE%18H (En=5)
A —I % BB 5 BA S ML, 7— 27 A L ZE##%, Tukeyd
ZEMEICLY, 5%KETHEZED Y
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5.5 r —e— R U AERX
—&— 1-MCP+R U @ X

Bt (W 7—Fx— MA)
o~

11 13 15 17 19 21 23 25 27 29 31
IR ¥ (B)
BA2R ARV F L omEe, 1MCPRLEEDY KR DRBAIIKIT TR
MR R E A R T (028, N 18 H [En=5)

[l —UNFER% H B 1 5 RAF 5 I Tukey DL EREIZ LY,
5% /KMETHEZED Y
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EEE KBEBEE

NXREOWNEICET IR E, ISR REZ R LICITbATEZ. WL
(1991, 1994) %, #&fbE =F L > OBf%, Nakano & (2001, 2003) (X, =F L 4
e A ML ADORMR, AL (1998) , FE S5 (2001) , #KEES (2002a, 2002b) (,
HALMEl R Ic oW THE L TnWD . 2, e (1965) , WA S (1993) , = -
WA (2002) , OF - BEED (2005) 1, EFERICOWTHEL TS, LarL, ABEBO#E
BEPLRBIZOWTHIR LEERE TS 2L, AFRIE, PXREORAOYHEN LB
WL EIZHOWTHFZE LT-.

AXFEEH X, BEREITX, RERH X, RER\IIFIIHEEIND. B2
WHF, REREATR, —HORTEE T FIE, BELEICL > THXFREENE TE
U772 7T RICKk AliEtEy v =0 2R &8 T2, 1989; Taira, 1996),
EREREZR NI LAV ERRD I ENRTE . PLEEAHE O 5 EICILRE T A
BERL T V3 — VW EEER EDNH Y, BRI REE T AP BE 2 R L7z CTSD i
ERS L OBEATFEHTITOAL TS, WTFROREFIEICEWN TS, B sg i
W E X T 22, 73— VREBENRBET ABEELY GETAEHRY (5,
1987) . — 7%, AT IXFF X = MROBPRPEEREINIICEILT L LICX
STHRBENEZ D720 CkED, 1985) , INH#E, BBLEE2TbTICEXS
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Synopsis

Chapter 1 (General Introduction)

Persimmon growing area of Gifu prefecture is 1,340 ha. It is the fourth in the country. Gifu
prefecture is a main region to grow non-astringent persimmon. ‘Fuyu’ persimmon that is
non-astringent, and grown in the Gifu prefecture occupies about 92% of ‘Fuyu’ handling
volume of Nagoya City Central Wholesale Market, but the sales price is sluggish. Expansion
of demand and improvement of the eating quality would be a key to keep the sale price at the
higher level. Therefore, the flesh texture in non-astringent persimmon, particularly ‘Fuyu’,
‘Soshu’, and ‘Taishuu’ has been studied as leading cultivars of Gifu prefecture.

In chapter 2, the flesh texture of ‘Fuyu’ persimmon after the harvest was evaluated with an
acoustic resonance measurement and an acoustic measurement of crispness (AMC). The flesh
texture and the factors required for the palatability of bagging ‘Fuyu’ persimmon after the
harvest were evaluated with an acoustic resonance measurement and AMC. In chapter 3, the
flesh texture and improvement of the storability of ‘Soshu’ persimmon were evaluated with
acoustic resonance measurement. In chapter 4, the flesh texture and the factors required for
the physical palatability of ‘Taishuu’ persimmon after the harvest were evaluated with AMC.
Quantitative evaluation of the crisp texture of ‘Taishuu’ persimmon was studied based on
AMC. The crisp texture and improvement of the storability of ‘Taishuu’ persimmon were

evaluated with AMC.

Chapter 2
Section 1

The flesh texture of ‘Fuyu’ persimmon after the harvest was evaluated with an acoustic
resonance measurement and an acoustic measurement of crispness (AMC). Moreover, a
prediction for optimum ripeness was studied with the elasticity index (EI) determined by an
acoustic resonance measurement and the score by a sensory test. EI determined by a resonant
frequency method for ‘Fuyu’ after the harvest decreased in a consistent manner despite the
harvest time. By a sensory test, the optimum ripeness by EI was determined to range from
30.202 to 13.563x10° cm®+Hz”. A predictive formula for optimum ripeness was constructed
using a reciprocal equation. The beginning of the optimal ripeness period (t;)={9.386(30.202
— Yo)} / {0.830(Y, — 30.202) — Y,} , the end of the optimal ripeness period
(t2)=19.386(13.563 —Y,)} ./ {0.830(Y(—13.563)— Y,}, where Y, is EI at 0 after harvest and
substitutes mantissa of the scientific notation. The error between this predicted value and the
observed one ranged from 0.5 to 1.3 days for the beginning of optimal ripeness period and

from 0.7 to 3.5 days for the end of the optimal ripeness period, suggesting that the formula is
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practical to predict the range of optimal ripeness of ‘Fuyu’. However, further examination is
necessary to construct a predictive formula with high precision. Texture index (TI) measured
by AMC decreased little before the optimum ripeness and decreased greatly after the optimum
ripeness. For the flesh texture of ‘Fuyu’ persimmon, EI drastically decreased before the
optimal ripeness time and TI decreased thereafter, suggesting that both parameters reflect

different inner qualities of persimmon fruit.

Section 2

Bagging of ‘Fuyu’ fruit on the tree prolongs the harvest time by three to four weeks from
November 20" to December 15", partly because the bagging reduces low temperature injury.
Effects of bagging of ‘Fuyu’ persimmon on the desirable flesh texture and softeness were
evaluated after the harvest with an acoustic resonance measurement and an acoustic
measurement of crispness (AMC). The elasticity index (EI) of bagged ‘Fuyu’ immediately
after the harvest was in the range of optimum ripeness of non-bagged ‘Fuyu’. Bagged ‘Fuyu’
was harvested three to four weeks later than non-bagged fruit. EI of the harvest day 0 of
bagged ‘Fuyu’ corresponded to EI of about 7 days after harvest of non-bagged ‘Fuyu’.
Changing pattern of EI of bagged ‘Fuyu’ was similar to that of non-bagged ‘Fuyu’ 7 days
after harvest. Measurement of the texture index (TI) by AMC revealed no difference between
bagged ‘Fuyu’ and non-bagged ‘Fuyu’. These results suggested that bagging of ‘Fuyu’ fruit

was the way to achieve the optimum ripeness after the harvest.

Chapter 3
Section 1

The flesh texture and improvement of the storability of ‘Soshu’ persimmon were evaluated
with acoustic resonance measurement. The elasticity index (EI) determined by a resonant
frequency method for ‘Soshu’ after the harvest decreased in a consistent manner like ‘Fuyu’.
A significant positive correlation (r=0.924) was found between the sensory score on desirable
texture and EI measured by the resonant frequency. The sensory score (ranging from -2: very
poor to +2: very good) on desirable texture (0 or higher) corresponded to EI of about 22x10°
cm?®+Hz? or higher. The flesh firmness immediately after the normal harvest time of ‘Fuyu’
was too hard, and the sensory score on desirable texture was 0 or less. ‘Soshu’ that was
received the highest sensory score on desirable texture exhibited the higher EI than ‘Fuyu’
with the highest score. The highest sensory score on the desirable quality was found
immediately after harvest. Resonant method revealed that 1-methylecyclopropene (1-MCP)
treatment did not affect the maintenance of flesh firmness of ‘Soshu’. 1-MCP had no effect on

the weight loss caused by water evaporation. It reduced the rate of over ripe fluit or fluit with
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water-soaked lesion, improving the shelf-life. Moisture-proof corrugated fiberboard box
retained flesh firmness. The moisture-proof corrugated fiberboard box prolonged the
shelf-life period about 4 days longer than the conventional corrugated fiberboard box. The
weight loss of moisture-proof corrugated fiberboard box fruit was lower than that in the
conventional corrugated fiberboard box. No clear difference was observed between a
imcomplete and complete closure by adhesive tapes during changes in flesh firmness.
Moisture-proof corrugated fiberboard box had no effect on softening rate of flesh. These
results suggested that the imcomplete closure of the moisture-proof corrugated fiberboard
box has an advantage in shipping method in terms of retaining flesh firmness, operation cost,

and labor cost.

Section 2

In the previous section, it was found the effect of the moisture-proof corrugated fiberboard
box on retaining flesh firmness and the effect of 1-methylecyclopropene (1-MCP) treatment
on improving shelf-life. Method of keeping fruit quality in ‘Soshu’ persimmon was studied on
the combination of 1-MCP treatment and the moisture-proof corrugated fiberboard box. When
22x10° cm®*+Hz” or higher of EI was used for evaluation of the desirable flesh firmness,
number of days of retaining flesh firmness under the condition of combination of 1-MCP
treatment and the moisture-proof corrugated fiberboard box was about 12 days, which was
about 4 days longer than the moisture-proof corrugated fiberboard box alone. The number of
days for retaining flesh firmness by conventional corrugated fiberboard box was about 6 days
with or without 1-MCP. Those by conventional corrugated fiberboard box without top was
about 2 days with or without 1-MCP. When the retaining shelf-life was defined accumulation
of deteriorate fruits at 10%, number of days of retaining shelf-life was about 14 days for the
combination of 1-MCP and any type of corrugated fiberboard box, which was about 6 days
longer than the moisture-proof or conventional corrugated fiberboard box without 1-MCP.
Conventional corrugated fiberboard box without top retained flesh firmness 10 to 12 days
after 1-MCP treatment. These results suggested the synergistic effect of suppression of water
loss from the fruit and inhibition of ethylene action contributed to retaining flesh firmness.
Including the results of previous section, the softening ratio of accumulation of deteriorate
fruit in the moisture-proof corrugated fiberboard box tended to be higher than that of the

conventional corrugated fiberboard box and the corrugated fiberboard box without top.
Chapter 4

Section 1

The desirable flesh texture and softeness of ‘Taishuu’ persimmon after the harvest were
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evaluated with an acoustic resonance measurement and a sensory test. When ‘Taishuu’
persimmon was harvested according to the same color score, the elasticity index (EI)
determined by a resonant frequency method decreased in a similar manner after the harvest
time. While EI of ‘Taishuu’ after the harvest exponentially decreased similar to that of ‘Fuyu’,
the rate of decrease in EI of ‘Taishuu’ was higher than that of ‘Fuyu’. When the sensory score
(ranging from -2: very poor to +2: very good) on desirable texture of ‘Taishuu’ was 0 or
higher, EI was about 4.0x10° cm?-Hz® or higher, that is lower than those for ‘Fuyu’.
‘Taishuu’ had the crisp texture that was different from other cultivars of persimmon and this
crisp texture maintained even when EI was decreased. These results suggest that the crisp
texture of ‘Taishuu’ plays an important role in determination of the desirable texture of
‘Taishuu’. The results of the sensory test revealed that the crisp texture rather than the flesh
firmness is more important to determine the desirable texture of ‘Taishuu’. Since the
correlation between the sensory score on desirable texture and EI was non-linear, evaluation

of the crisp texture by EI is difficult.

Section 2

Evaluation of the crisp texture of ‘Taishuu’ persimmon was studied by an acoustic
measurement of crispness (AMC). The crispness of flesh texture and a sensory test of
‘Taishuu’ stored for varying days were studied. The energy texture index (ETI) calculated
from frequency bands from 0 to 50 Hz, from 100 to 140 Hz and from 3,200 to 25,600 Hz
decreased after harvest. A significant positive correlation (r=0.705~0.928) was found
between ETIs and the sensory score on crispness. Declining pattern of ETI calculated from
frequency band from 0 to 50 Hz was different from that of the sensory score. The results
suggested that ETIs calculated from frequency bands from 100 to 140 Hz and above 3,200 Hz
could be used to evaluate quantitatively the crisp texture. Next, measurements of the texture
of ‘Kanshu’ persimmon with a different texture from that of ‘Taishuu’ revealed that there was
a significant difference between ETIs above 4,480 Hz. These results suggest that ETIs with a
frequency above 4,480 Hz can be used to segregate quantitatively the crisp textures of
‘Taishuu’ and ‘Kanshu’. Furthermore, the relation between skin color score and flesh texture
were studied using ‘Taishuu’. The ETIs of ‘Taishuu’ harvested with a color score of 4.5
(orange) were lower than those harvested with a color score of 3.5 (yellow’sh orange), and
corresponded to those of fruit harvested with a score of 3.5 and stored for 7 to 9 days.
Therefore shipment of the fruit with a color score above 4.5 may decline the market rating of

‘Taishuu’.

Section 3
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Evaluation of the crisp texture of ‘Taishuu’ persimmon stored under different condition
was more precisely studied with an acoustic measurement of crispness (AMC). Changing
pattern of the energy texture index (ETI) calculated from frequency band from 4,480 to 6,400
Hz and the sensory score on crispness were different. Changing pattern of ETI calculated
from four frequency bands from 6,400 to 25,600 Hz fit more to those of the sensory score on
crispness than ETI from the lower frequency bands. Polyethylene packaging maintained the
crisp texture for about 11 to 15 days after harvest, which was longer for about 2 to 6 days
than fruit without the packaging. The weight loss rate of the fruit with polyethylene
packaging was significantly smaller than that without polyethylene packaging. These results
suggested that suppression of water loss from the fruit by polyethylene packaging maintains
the crisp texture. Thickness of polyethylene packaging did not affect the maintenance of the
crisp texture. Difference in thickness of polyethylene film have essentially no effect on the
texture. Polyethylene packaging following 1-MCP treatment for 24 h maintained the crisp
texture for about 25 days after harvest, which was about 10 to 14 days longer than fruit with
polyethylene packaging alone. These results suggested that the crisp texture can be
maintained longer because of the inhibition of ethylene action by 1-MCP treatment. Since
polyethylene packaging only induces the softening of fruit probably due to accumulation of
ethylene within polyethylene bag, 1-MCP treatment was thought to be necessary for

maintenance of the crisp texture stored in a polyethylene of the fruit bag.

Chapter 5 (General Discussion)
Determination of optimum ripeness by an acoustic resonance measurement

The optimum ripeness of persimmon was determined by the change of the elasticity index
(EI) measured by an acoustic resonance measurement. EI of the optimum ripeness of ‘Fuyu’
persimmon was 13.6 to 30.2x10° ¢cm”-Hz”, and EI of the optimum ripeness of ‘Soshu’
persimmon was 22.0x10° cm”* Hz” or higher. It was revealed that EI of the optimum ripeness
is different in cultivars. It was also suggested that the difference of Els between ‘Fuyu’ and
‘Soshu’ could be influenced by the flesh texture as well as the flesh firmness.
Prediction of optimum ripeness by an acoustic resonance measurement

‘Fuyu’ persimmon after the harvest reached the optimal ripeness with decreasing in EI. It is
necessary to predict the range of the optimal ripeness. A predicted range for the optimum
ripeness was calculated using a reciprocal equation. This equation makes it possible to build a
strategy for consumer is acceptance. Thus, consumers could eat persimmons according to
predicted quality by the formula for the optimum ripeness.
Texture evaluation of ‘Taishuu’ persimmon using an acoustic vibration method (AMC)

Quantitative evaluation of the crisp texture of ‘Taishuu’ persimmon was difficult only by a
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fruit hardness tester and an acoustic resonance measurement. Therefore, quantitative
evaluation of the crisp texture of ‘Taishuu’ persimmon was studied based on an acoustic
measurement of crispness (AMC). The results suggested that the energy texture index (ETI)
calculated from frequency bands from 6,400 to 25,600 Hz could be used to evaluate
quantitatively the crisp texture.

Development of keeping fruit quality of persimmon

It was found that the optimal ripeness period could be evaluated either by the flesh
firmness by EI in ‘Soshu’ persimmon or the crisp texture by ETI in ‘Taishuu’ persimmon. The
optimal ripeness period without the packaging lasted about 4 days after the harvest in ‘Soshu’
and about 9 days after the harvest in ‘Taishuu’, suggesting that the packaging is necessary to
prolong the period of optimal ripeness of persimmon by the following mechanisms.

1) Suppression of water loss

The moisture-proof corrugated fiberboard box extended the period of appropriate flesh
firmness of ‘Soshu’ persimmon to about 10 days after the harvest, or about 4 days longer than
the conventional corrugated fiberboard box. Polyethylene packaging maintained the crisp
texture of ‘Taishuu’ persimmon for about 11 to 15 days after the harvest. It is about 2 to 6
days longer than without the packaging. These results suggested that suppression of water
loss from the fruit maintains the flesh firmness and the crisp texture.

The moisture-proof corrugated fiberboard box and polyethylene packaging have
disadvantages to induce the softening of fruit due to accumulation of ethylene within the
fiberboard box or polyethelene packaging.

2) 1-methylecyclopropene and suppression of water loss

The moisture-proof corrugated fiberboard box packaging following 1-methylecyclopropene
(1-MCP) treatment maintained the flesh firmness of ‘Soshu’ persimmon for about 12 days
after 1-MCP treatment, or about 6 to 10 days longer than with 1-MCP treatment only and
about 4 days longer than with only the moisture-proof corrugated fiberboard box packaging.
Polyethylene packaging following 1-MCP treatment maintained the crisp texture of ‘Taishuu’
persimmon for about 25 days after the harvest, or about 10 to 14 days longer than with
polyethylene packaging alone. These results suggested the synergistic effect of suppression

of water loss from the fruit by packaging and inhibition of ethylene action by 1-MCP.
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