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AETI. AHFREOEEZE L TCERLRIT T AGBBREDEBIERIZHOWVWTHE
T D, WTRREOER, VI AGEBLIIMAMH, T L THT REBEETECRBITS
SFEEMEICOWTORBEIT Y, B, AR TRHWZEZERFHBEOEMAIIOVTHER
B

12 BERHER

1-2-1 HF7ZARBB LT 7 RAEBOESE
WERSEONTHEE L LOTHY | Gk, Wik, RELEOHFREREEIST

DEE, TbbATFOMELERREORNMNCESNTHESRS (Figl-l),

® @ 1) glassy state

‘

¢) crystal state

Fig.1-1 The model diagram of molecular motion in
the liquid state (a), glassy state (b) and crystal state.
The molecular motion in the liquid state has mobility.

SEOBRE, HTREBICAIENS FEET, BRALRECHS, Tk, TR
BT BV 4O S TFHOBROREIC—E0H0, ThbbEEl R IIET
BL0O0, FHE LTEORBRERFZREICHELELS (1), —F, E&ERR
TS FOMNELEMIFFLLTREY., —BHICEE>TWVS (o). BEREICH
BYMEOBEL—EHETTF TV &, BERSFORBELEMAL L. RILHRAIM2
BB L ERRE~LBITT 5, LOLERE, TOBEEENS FORBELD

13



B1E HERIER L SR

PR (BFORER) ICHE L CHEBIAEREE. RIIBAMTICA > ThiESLT
DERL, BRHAREL 25, Z L TERAREOE EFICEEZETEIH T &,
HH—EDBREEFETCROBENBBCLE L S FERENERFERETEN T XKL
2% (b). ZOBRARERE-H 7 AREFMOEBEN T AER. TOEELHT X
BEBEE T, LV, BRTFREDOEAIE. B/ AL N oBXItEETNITESFE
DG L2 R UEBTHANHR D, —RNRESFON T AEBREZDEF LR %
Fig 12 IZ7F, MR TFOHGEOREREL L. ®OFHNRT V& LT LE > TRAI
BEEZRLLRVEBRBICEY TS @), —FF 7 ARETIE, BERE L B UREE
BT VF LA NVKREZ RS EZESMRFREL TS (b), £ L TREARETIE,
B FHEHPTRIAXF—HITRLENRBICARS X ICHAE LTV s - s
#RoTWS (o),

b) glassy state

a) liquid (molten) state
(random coil)

¢) crystal state
(helix)

Fig.1-2 The model diagram of segment
motion of polymer in the molten state
(a), glassy state (b) and crystal state (c).

A7 AREDFITBITDHE, DL E CILERER L OB, 84 AIER
RBWT—RRIZRT L=y AROEFHLRB L, TLEETABIC LR T3, V5 RE
BIREOEF T, BEL T Tl | A TFESNZ KRBT DO« 2k, T7bbEl
BE. FER, PEREROEICELVWEEPELS (Figl3) Y, LiksT, 21
COYEEZRETIEICLY, BEIHEON T AGBRAS L RETIEN MK,
TARIEIIRT DN T AEBBREOKRBICIE, BOMARAVLNAIEREL, HTH
TEEEPERE (Differential Scanning Calorimetry: DSC) . BIfF5MEMERIE (Dynamic
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Mechanical Analysis: DMA) . & L CEEBMRER R L —REUICAVWLA TS, £D
flzix. ZUSMEIE (Thermal Mechanical Analysis: TMA) PCiZRBIKILREIE (Nuclear
Magnetic Resonance Analysis: NMR) 72 ¥ BRFIHE S5,

viscosity

-
-

Glass transition
temperature: Tg

ANSOOSIA

Heat capacity, expansion coefficient,
dielectric coefficient

-
-
————

Temperature >

Fig.1-3 Change in physical properties at the glass
transition temperature

1-2-2  T,UATIERBITBH T ARBE 0L TEEHE:
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Tg ATFIC/A2 5 &, BENABIC LR L, 10%10%Pa -+ s &3 EREQREEM R 7 —A T
BRERTERIEEBVVEZE T LI25Y, ZOL)REEE TR, $F0OEH
MRS, DFOTBIC - TRE 3. BBLPEEONH, =7 AL, &
B EOREGORELCICEOIBA DRISHELIMALND, ZOENPDL, TR
SBRIEENRGEOAEREMEHEICENC ERICHEARBE L R 3 ER—HRIITEL
BHENTND, LALARD, #5 ARIEICHoT b TEBASZRIHRE ST
0T TIREL GFEE. HIVIESTFEHO—FICKT 2 BRESCREES 2 L
LB RANRSFEEL. KR L TREI>TWDS, 2O X5 7%, BFRNASFOR
BEMIZE T, AT7AREIR T, U T ThoTh, HEINE VR 7 —/L TR
WEMALL T,

Fig.l-4 |2, ¥ 7 AGHBEEIMEICBTIHEORESE, - = FAE—LEE
OB L L TERMICTT, FRREBCHIHEORELZETIECN L, BEDE
ANVEEEA @A) T, IEL R A CEHICFE CRERRGRE~ BT,
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Bl FNIHIETARBEOBEE L UTERBICR L, ¥ 7 AREBIEHD a %
TV 7ThHE TOWEIRLVRERERBZ UV EAEY—FEA~EEMT 572D, b~
EEET D, THEZVEIANEERMEED, ELTHHIEET b &#MATE L. T,
FHREDREH T Bl AP —38RICEERED e FCRIET S, Zhik=x
YENME—OEEBRSZ E OV, DSC #HBRICBW TR, FEBICRSRTIVY —Z ik
ELTAEDICERRE—2 L LTEESRS,
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> \@b& f
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b — i““"’/d
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5 \ |
I d\ N —
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Temperature (°C)
Fig.1-4 Schematic representation of the change in enthalpy of
glassy materials on cooling and heating
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Thd) EERBINLTVS, DSC ITAWVWSRIEEIZL Y. ASFHER L BUiREICX
BENDA, AFETER L |BEREEERESF DSC-50) IBWMKE D DSC TH
%, Fig.1-5 12 E DERIERE T T,
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Fig.1-5 The schematic diagram of heat flux type differential scanning calorimeter.

DSCIZ X » THE LN HEHEN DSC ##R (DSCcurve) TH Y, REL L EEPRE ~O=
INF—AADEL L THEEROBEZICE S BUREROZ=Z Mt IBEE 72 1 IR
FREENC L o> TRFT B, Figl-6 12, B THWEEZMEL THE LN S DSC g 2R
FUZR LT, MBVESAD TEEFRREBIZE L Th b ERDABICR BV~ L TR
RIZELLTWER, ZHIEA 7 2ABBICL 2L 0T, BAEEOREZHEMC XL VRE
ERCENEETOENOTH S,

IR T 2 BT s T L T ;% Crystallization Oxidation
EImRIZTE DI > T, fEom g s | i
OB L CIEFE e — 7 | Blfig L BL é Trarlsmon
SR TIIRE L — 7 BB, %
=
)
Melting Pyrolyzation

Temperature = ——>

Fig.1-6 Typical heating DSC thermograms of polymer material
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1-3-1-2 DSC R L B4 T RGBIRE, 7 AGBROBEEELAC ODREFIE

— BT T ARE R FITB N TIE, 10CHh5 30CEREDREGH2E T 2858
DAT » TREAH DSC FRIRICV 7 AEBBL L L THRIHENS (Fig1-7), ZOF
EELORR2ER% Onset T,, FH &% Midpoint T,. #& T A% Endpoint T, LF35, £<
DR AT AEBIREILZ D Onset T, & %V iX Midpoint T ITHEYE T30, EbbE%R
DT, e THME HRBIZL>TER->TEY | —BL TV, RBFFEITEBWTIE,
BAEOTRICES S, WERELOTMA, T4bb Midpint 7, ¥ F0Y 7 AEHIE
BELHRTEIZILE, VT AGBENC, DSC #B LICENIBEREDRT v TRE(L
NOEB/BOLND ACEL. TOMBON T AREEMD LTERBATA—FTHS, 4
C BT ES AL FOBENERELRBL TV, AC, ENEITNE, 0%
BOH T AREBITEENIIRETH Y FRACEMETNIEREETHHEERLT
W5,

g
= T, (Onset)
3
=
R
g
&
£
=
=
&
=
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Fig.1-7 Determination of glass transition temperatures, T, and change in heat
capacity, AC,, that occurs over the glass transition temperature range from
DSC thermograms. The endothermal step change in heat flow during heating of
glassy materials occurs due to AC, at the second-order transition temperature.
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WEEML, TOWEOBHEERL I UBELREORE L L THETIFETH S,
DMA BIE Tid, REOFBHRER (B) LBEREER (B), ROTCIKEEOLTH S
EHEER (and) 2. BEELAEAREOBEL LTHETLIERNTETHI LD, &
HFREDHTFER L TOBMRRICETIEREELIENHRS, ARETHERALE
DMA [3/%—% V= L= —480 DMA-7 Th 5,

DMA HIBIZ L > THELN D H 7 ARE S FOHIEH) 72 DMA i % Fig.1-8 (TR T,
TUT TR, MO FITECEENTH Y, NENTRAAX —DORBSEFRIND 2D
EEIERICRE S, BEIT 10 25 107Pa BEOEELZRD LEbh TS, £, 1
B#H B0 ITBE L THBRESNLD NEN T RAF—T/NEVDT, 532D b tan 8130
WZAEV, REHEER T, 2825 &, BIRBREL L HITPWVIEESET2 b 3 ks
SWHT 5, SITZ T THLAICKES LY, tan SITWRKLEED D, IDITREN®EL 2
5L, BAHAEVREBOLRVES FIIRERBITE S ), AEHZ RN X — 2878
SNTICEL LTHEIILD L 212720 878 90°IZiE < B D, tan SITER K~ L H
M35, LALRBLESFOSFENREL, BHEWVREBREET 25T,
R CHRIRIREI S 310 T LRBER BN, NEH = RAF—AEUEITREND L 01k
0. EICHEEBERZ AL, SIZ/hE< 2D, 2FY tmdBFWHIEL 2o T, HIRE
TE—Z7%2&EL%, 20 tan 2 ITEHEEFFTIN, BOFHOI I 0T T U E
EBHEEDIHN T ABBIIHE L TWAEND, E—JBERZZOWED T, LHRTH
BEWE, BFRIZBNTH, tan Y —7RES T, & LTHET3E|Z L, Figl-7
BT, T RAEBERT tan SORZRE—7 L VERBIZEBNT, /hERE—I R
BATWD, ZHIMERT 7 AREBIZH 2RI, RS TEENEZ > TWOHE
ERLTWS, WIREBBETTRERE—IRESE,. H20FeBEREETNLIO
I LT, ZOE—ZBEISE, HD2WIEBBME bEETINh, TLUTICRT 540 FES
BT 2EHE 525, LALR s ZOBMITHEA/NEWO T, DMA TIHBHT
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ERVBEELEIALND,

FAKIES, &I E R EDORERS O TRHIZKT 5 DMA ORIRIE, S8
WEFIEH B, Kalichevsky Hid, WTFNOTEALT 7 ZBEICBNTH, BLE 54
DMA HBABLNTWAZ LE2HELTWE Y, $hbb, T I CHEEESROE
BRETE, tan SO~ BEHND, TENT 7 AERFO T ix— R HER K
B2 R 25, Kokini 513 FRHE 5°C/min THIE L7 DSC oKD T, &, BIE
A 1Hz TRIE L7 DMA o3k 7z T AREBHNEWN—RZ RELLBE LTV
W, BERICKT 5 DMA BIESRMGE BT, BIEBEEE 1Hz & LTRIELTWA
BAEPEZNEND, KERIZIVTH, BIEBREHT 1Hz TH—T3EIz Lk,

glassy region

—————

Storage moduly

i transition rubber
. region region

106.5~

Tg

Modulus

103~ 10%\

Temperature

tan &

Fig.1-8 The change in storage modulus E’ and tan & of
typical amorphous polymer as a function of temperature.
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BED LD REBABREROTT N T ABBREL, TOERRS Th DK, KK
¥, &Ry B EICEEBER TS, TORTHRIC, VI RARERON T AEGEBE
BIIBNEEERIITONRKSTH D, LWVIDL, AFid<A TR 135C LV 5 3#EE
AEWAT T AEBIBEEZE T 5720 D ZOFEENELOT T AEBIEEIZR O A ER)
Rz2E52500ThD, HEBRIIKGEEDEWESIZBW T, KoOREHRNR LY
BERLDERD, KFEEDLIRARBOEEINIRS THIEND, TOFED
REEDLH N7 ABBERECRETKGOEEZMOEIHEICEETH D, EE,
AT ARERDT T AEBHFRICBNTUL, 7 T, TRETKGEEORELHRINT
LOR—H L S D, Fig1-9 12, W DD F U RIBITRBITHH T AGEBIEED
KOEBEEEET T KSEEOEMZLY T, MET LTV EABHALMTH S,
BT, TOFEGRMEAKSEIRIITIE> THRL TWDIERZND,

200

A Elastin (Kakivaya and Hoeve, 1875)
L B Wheat gluten (Hoseney ef al, 1986)

150 @ Glutenin (de Graaf e al, 1993)

1 O Gliadin {de Graaf et af, 1993)

o100 F
w |
5 sof
Z
o 0 i
& O [ Predicted Ty for giutenin (de Graaf etal, 1993)
g I
= .50
-100 |
-150 F i L i U i i i i
0 02 0.4 0.6 0.8 1.0
WEIGHT FRACTION OF SOLIDS

Fig.1-9 The effect of water content on T, of several
proteins. The predicted T, line for glutenin was
calculated using the Gordon-Taylor equationl"').

KOZIFLHE LT, ReREIPOERSNDBRON T AGBBIREIL, Hx O

R RT D2 H T ABBEEDOHFHERL L TRDEIND, BERICBITDHT A
EBEREEZRETDHOOERRNL LT, &Hb—RUITAV LN TNSH DA, Gordon
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& Taylor IZ & - TH#"E S /- Gordon-Taylor R TH 5 7,
Tg _ wngl +kw2Tg2
W, + kw, (Eq.1-1)

T TBARON T AEBRBETH .. w ITERERS | OFEEK. ACp, IR
R i DA T AGBBRITET 2EEENE, FRIZ T, BRRS § O T AEBRE
Thbd, EH kX Gordon-Taylor /X7 X —Z L b BT, UTOXTHERABTDHZ &N
H¥3 (BEq.1-2) ', Gordon-Taylor Rit, —fREINCRDOY T RAEBIBEICRIET AN E
BOREE TR 1D, bDNEESFO2ROBRERIIBI DN T AEBEELE
HT 257Dt B<RAIND,

r2 (Eq.1-2)

T I TACD RS | DH T AEBBRIIBT S BAEL{LETH D,

Gordon-Taylor UZIIT DT A —F EERBITRKRODFIZ LY . AR, KL
WM, ZUNTER LA BRERDBERD T, TRI~OERNREETHIENHAL R
LlaoTnd PP, ZZCARFAEICREN TS, BERSRRNIRGEZK-EEL VD 2
RGBEER LB, 2O LITRET K EROZEL BT 5 72DIT, Gordon-Taylor
ReFMAB LT,

1-3-3 DSC BEFMH
1-3-3-1 R BHEM

BIRE7: DSC #2185 7 DIcit, REOREEME L — I T3 RERHD, £IT
AR TIE, DSC BORBIIL2THRREBIONI LTz, 2 2 E4R EOBEWEEHI,
SRERAVTHRL, TORMREEZRZ 575DV (Nonaka Rikaki Co., LTD.
Aperture: 425um, Wire Diameter: 290pum) (223772, BRSERE U /2 &AI0h L 1728
BHI, Hekh THAVEBRRIZNT L 2%, ARSI,

1-3-3-2 KR FARB I OKSEEBOPE
HEOKSEERT. KOEEDOERZZERNELANTHKOBELRE L2
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Vxfzzy hOHIZ, BEE 05g ORBEZREL TRk 2BREIETHELZ, &
FERCTHW-SEFEORE L | 25°CIIB T 2 HMBE % Tablel-1 1TRT, REOEEZR
24 BRI S LICBEF R CRIEL., REOEEEMANEE >R TERICELZLH
Wiliz, MEZHT270, EEEAPLEE-RHALY, FiC 48 BEEKE L, XK
SREEORBHIEEBICE L T HOCICRE LA —7 T 48 BEg S8,
HENBROBEENOERRAKSEEERD, TOBENPLBBOKSEELZER L, X
FEEILS DOEOEHEER -,

Table 1-1  The relative humidity of several saturated
salt solutions used to calculated water sorption at 25°C>.

2P nEcy HXEE (%)

Lithium Bromide (LiBr) 6.6
Lithtum Chloride (LiCl) 11.3
Potassium Acetate (CH;COOK) 23
Magnesium Chloride (MgCl,) 33
Potassium Carbonate (K,COs) 44
Sodium Bromide (NaBr) 58
Potassium Jodide (KI) 70

Sodium Chloride (NaCl) 75.5
Potassium Chloride (KCD) 85

1-3-3-3 DSC HEFIE

DSC By M BEMERMT VI &L (¢7Tmmx5Smm, BE 60pul) 2FEHR L. EEY
BIZETAVITHMEEZOEEEAICREERD 2 FEZANTEH LELOEZAY
7z. BIEBBARNIZ, DSC OBRE - BEOX ¥V T L — 3V &fTof, Fx U T —
Ve AT o Tt A ¥ A (melting point, 156.6°C, AH,,, 28.5]/g) & FKEK (melting
point, 0.0°C, AH,, 333J/g) &AWV,

# 20mg BEOHFRFEEZ DSC B ANERIC ENLEBETHS 2, HEXR
v EBAWT 30kegflem® BEDEH ZMT T VAR L, ZHIRBOEDFIC L
STiE DSC BIERREDPKRESELTIENMONTNWA D, BOHFOFEE—EIZ
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THDONETHD, FRERICID, BEMEL TRET 2 & DSC i LoD /7 A X3
BAOTHENERINTND, £, ZOBREOCEATHIE, V7 AGBREICRIE
TIEMLBEORBIERTEIBRETHILH L., £0%, V—F—%2ATEL
BEEL, REPE L L LIZDSCHTAH - AREEXTo 72,
BERXETHRBEER LAV CSOCREE THAIL%, 5C/min T 180°CE THIEHR
EETol, ZOREBEGEIT. BREHC L - TETFRRD, AR TIIN T REBHR
RIZBITHEERREO— D> THLRWEOEELZROLMITHD, WTHhORE S
BEREORELX T, —EHEORBREL lstrun, 2B B 3EH - Z£H <N 2nd run,
3rdrun- & T 5, £, FAHBERICOE, RE3 2ORBZRAEL. BohllT 7
AEBREOEHEL ., TOKDGERFOT T AGBIBELH2 Lz, Bbhl DSC
BIET — 2 OEFTIZIZ, B8 Y 7 b Shimadzu TA-60WS % BV 7z,

1-3-4 T2 ¥ A —RFER O ik
Kﬂ%ﬁm‘%ﬁﬁﬁié@@&ﬂ%if\mmm%ﬁiofﬁ6néiy&w8
—EMRBREET LT, WEON I AREEZBETIFELZENL LTS, 22Tk
DSC & BV e v Z )L B —BFE R O FiEIZ W TR B,

1-3-4-1 DSCR LB ZAP—EBRE0EH
DSC HRICEN DB — 2 EENMD, TOPWEO U I LY —EMESZBHT2
ENHED, Figl-10 2o Z A —EmEE2 RO 5 FELERBITR L,

Onset T, .
l Midpoint 7,
bz ;

Endpoint 7,
A, \Kj C

Endothermic Heat Flow

Relaxed Enthalpy

Fig.1-10 Schematic representation of the glass transition measured
using DSC for unaged (A) and aged samples (B). The area under the
endotherm associated with 7} is defined as enthalpy recovery, AH.
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AH = -"Cpfet’ax (T)dT - J.Cpmm—relax (T)dT (Eq1-3)

T 2T Coretex IAEFAL T2 T 7 ZADBEE, T LT Cpnonrelex [ IREFIN 7 AOBEET
H5.

1-3-4-2 = FAE—BIERO KWW R~DT7 L vF 47

AT ARBEB T ZAE—BROETERE, $2bb ILUTIEBT35F
EEMEICE T2 EH 2B 272012013, Eql-3 OROETNE AH OELZETT 548
WD, TENT 7 APEOEMGRIT, BMARREREENR LD L3 THA-ZEE,
ZIRTERSNZD, KWW & TN 2 IR B E BV @A LIZ LiIdfTbih
5, KWWRHIILLTO Ly IcigBik&ns, bbb,

®() = expl-(¢/7)*| (Eq. 1-4)
Z 2 TOMITEMEEE. (LB fREE (b | BIXBREERE S - SRR T A —F T,
02256 1 DEZERS, tDENPRENVIZE, 2OHEOHN T RIREBIIEETHDHLEEL
Do Eiz, BOEB/NESWEE, BRRMOSMAEV, TROLEMRE—EOF
METHLIELZTRLTWD, —KIZ. BOTEWELY b, BOFEVERCEZRSRE
FROFREVBOEERTENMON TN D O KWW K& BB 7 B R 8Re
ChBB, B OHT ARMEOEFHERE BN AT X 5E0 D, Bia 2
BIZBWTEAENTWS, BREST PR bHAA, 9V F—RARPRT T —R72
EOREEPD, 2L TF 7y R L 0REEMITBNTYH, KWW RBEROF BEN
WEINTVD, LALERL, ZOXEEEOCEHCEA LA ETizgEX
TR, 22N —BinER 2 0l 5 72 O OBERFUTIT KWW RS T Defect
Diffusion &5 /b )| Multi-parameter Phenomelogical (MP)E 5 /L 2" Scherer-Hodge &5 /v
W7p ENTFIET D, BEEE VI AEEZE, KWW 2R LFA LTV, &
BROTY# L E—BRRSICET AHEITE LR TH Y BRIDORT v T L L
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T, KWWRO L 5 REBBMR T ARV 2T5ZERNEET L EEZ
. AFETIE KWW REFIET A=z Lz, | |

Eq.1-4 q’@%fﬂﬁﬁﬁ@ﬁ)&i\ UTOESITHR/BETE D, T72bb,

O()=1-(AH/AH ) (Eq.1-5)

AHIZDSCHIERENLCEHINIBRETHY ., AHIIZ VAN —ERMEDOE
KET, ZRicL->TEzONB,

AH, =ACp(T,-T,) (Eq.1-6)

ZIT, TN AEBRE, Z2LTC LII=—V UV 7RE, AC RN T AEGRED

BRBENTH D, Eql-3, 1-5, 1-6 ZHABELENE, KWW KDY 4 »F ¢ 7%
FA—F ¢ L BEENTIENHED,
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2-1 LB
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TNORENT T AREZRVEIONEERTILER DS, €I TEAETII, ER
IEKSRAMIERY T AEBREZETHIONE S DEERTHIEZENE L B
AL DN 7 AEBREOREZ{T o7,

222 BHWERCEEASAEMLEON 7 AEBREORH
2-2-1 XLBHIT

B Y AEITEAEOGHEBRMITAERELO—2THY IVTRAAZER L%, B
BRI T2 M 2 BiZEh EMT 2TV EERR R B O ZAANLIE
B TH5D, Fig2-l Y FEHOMBHLMETEEZ TR L, 2TREBTHKER EX-
Y AEX, BORRLFOL S 2ABEF L. ERTRLEWRS] RELEDR
5 (Fig.2-2), EEDA YA EHOWMEEZRD LBEBE LRV TTFADOESITRALD
(Fig.2-3), 7Y AEIIBD TREENE L, ZRTIE | FE< O, BEEREEREFT
XD ELEEDLRTWS, £, MERRAKIZESTRYRY & LTEBENRENLD, HHM
BRI N—RE~EBTHIEEIRBUICE<HDON TS, ZO LI REFHORE,
HTAD L5 I2AE, £ L CRE - KoBRICHE D BEEIX. Y AR T T ARE
ZHBZLEBTELTND, T CEETE, 1Y AHE—>OHENREFNMEKRS
AAMIARR AR L BT KDY ZTEHON T AGREREOREEZITo 70, BiZ,
ZOEBRECRIETASEROESR LR L. —BO2Y T AREAFIZBIT 5
AT AEGRBEE L OB PR, RERTEONDI VY TEHN 7 ABERICHETIER
i, Y AEOFOR L B EHEEZERE L, #1202 LCEBICERRERE
ROLEVPHFTE D,

IV AEOHN 7 AGBEBIZET AHRILT TIREALRH S, 95 FiTiE, /DEH
W TH Y AEHD DSC BIEZITV. KOH 15% DT Y FEHIZRBW T, 125CHHE
WCHTR-FGNA—EREBDONIBERDAT v PTRELBREONIZERZHLNCLE
DUEI, KOWESROEEERAE A, Ky 0-15%DEENIZB T, IV A
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Raw bonito meat
1. Cuttin

Remove the heads, entrails and fins

2. Boiling & Cooling
3. Remove the bones, skin and scale

4. First smoke drying

Namari-bushi

5. Second smoke drying
Repeat drying for 10~20 days

6. Shaving

Shave off black tar parts at surface of Arabushi

7. Accreting the mold
After sun drying for 1~2 days, spray the mold to bonito, and hold in warm and
humid room. This step is repeated four times, which is called first mold,
second mold, third mold and fourth mold. It takes for 10~20 days.

Honkare-bushi) *

¥ used in this study

Fig.2-1 Typical production process of Katsuobushi
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BoE BEASRANIESZON T AEBBEIE

Fig.2-2 Photo of Katsuobushi

Fig.2-3 Photo of cross-section surface of Katsuobushi
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2-2-2 FEBRFIE
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Y AEOBIE S RERIIT o7, LT T ICARA BB, KT KERO L Y A Hi%,
FNTh ABC EFRLE, AW Y AHixeT IBEhE (Fig2-1 28) Ths,
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BRLI, e, A—H—DBWNNI X 2T, T,R4C,, ATITKERBWVIZR AR
272, LEDHERNG, T RAEBHRBIIN Y AHO—RBFEO—OTHIERHD
ME&igoTz,

\ 1st run
Tgonset=_3°C

id—= N
‘L Tgm d734°(%‘gend=65<>c

\l\.L 2nd run
A
L 0.05mW. /mg\ 3rd run

50 0 50 100 150
Temperature (°C)

Fig.2-4 Typical DSC thermograms of Katsuobushi(A) with 12.8% meisture.
The glass transition temperature was determined from the midpoint
temperature of stepwise change in heat capacity.

Endothermic Heat Flow

b
jZC 36°C 1st run

B NSOC
EE 2nd run
= ru
E : S I 3rd run
-U
g '7|°C 36°C 1st ran
: T e
é - 2nd run

i: 0.05mW/mg , . 3rd run

Temperature (°C )

Fig.2-5 Typical DSC thermograms of Katsuobushi (B, C).
Moisture content of B and C were 12.4% and 11.7%, respectively.
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Fig.2-6 Typical dynamic mechanical analysis plot of Katsuobushi (A) at
moisture content of 12.9%, showing tan delta (tan 3) and storage
modulus (E’) as a function of temperature. The sample was cooled to
-100°C with liquid nitrogen and heated at 3°C /min. Measuring
frequency was 1Hz. The glass transition temperature was determined
from a peak top temperature of the tan 8 curve.
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B, K129, 92, 5.6%DFEBHIBVNT, tan SHIBRDEBAI(-40°C fHD)I/h S 2 —
IRBEINTE, TRLRIEIEBRRNEZLIIT, IVTHOPERMTHIFEEDLE LD
BB, WFRBIEE A LK EREERETR S 20K, EICERMEY B 20ER Y
Mh, RIVBELDO ) AXTHD Y LT,

DSC B LU DMA JIENORD DY AEOH T AEBRE LKy EBROHEEMEE .
Fig.2-9 IR L7, BHRO L 51z, DSC & DMA BIER R DR 7 REGBIBED
2L, BEFEORICLD¥EL, DMA BIEFICA CERBOKRSEROEEIZLS
HOTHB,
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Fig.2-7 DSC thermograms of Katsuobushi (A) at different moisture

contents. These are second-run curves to eliminate relaxation

hysterisis effects at first scanning and 7, values shown are
midpoint temperatures of stepwise change in heat capacity.

Table 2-1 The glass transition temperatures of Katsuobushi (A)
determined by DSC at different moisture contents

. *
Moisture Content Glass transition temperature (°C)

(% dry basis) Ty (onset) T, (midpoint) 7y (endpoint) AT, (Ts-T,))

0 1444450  163.3%2.1 178.9£1.7 34.5+3.7
0.7 131.6£3.0 157.3+1.8 177.2+2.9 45.6+3.3
23 117.7£3.8 132.0+6.4 156.4+1.8 38.8+2.1
54 80.4+1.9 99.1+2.0 122.4£1.6 41.9+2.1
8.1 59.9+1.7 83.1+3.1 107.3+5.1 47.3+3.6
9.4 51.8+2.7 79.8+0.5 95.5+¢1.3 43.7+2.8
11.2 19.1+£3.6 43.7£2.2 74.3+2.8 55.3£3.0

12.6 0.79+3.6 33.8+3.8 65.612.5 64.8+0.8
15.3 -22.3x1.8 10.5£1.5 32.2+1.5 54.6+2.6

* The glass transition temperature is an average of three determinations + standard deviation
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Fig.2-8 Variation of storage modulus (E’) and tangent
delta (tan &) of Katsuobushi(A) as a function of
temperature with different moisture contents
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Fig2-9 IX, A VFAHOH 7 AGEBRERBOKSEEEFEEZE L TVWEEERLT
W3, BHos8i3, Gordon-Taylor I (Eq.l-1) ~D 7 4 v T 4 VT h—TThHbd, 7
4T 4T ORBBREIT 099 DETHomENL, SEELNEIVTEON T A

ERBIREDOKSEBKREFEIL, Gordon-Taylor R CRIFICFERFETHIENHEL N E
ot

200 — : : :
A A DMA
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Fig.2-9 Plots of tan & peak temperatures (4) and DSC midpoint temperatures of
Katsuobushi as a function of moisture content. DSC data were obtained from three
different Katsuobushi manufactured by company A (e), company B (m) and
company C (¢). The dotted line was drawn using the Gordon-Taylor equation, as
described in the text. The Gordon-Taylor parameter & obtained experimentally
was 5.05. Furthermore, the data that were reported in the previous report (O)
were also plotted. The values of moisture content reported in the previcus study
were wet basis values, which were converted into dry basis values in the present
figure.



Fig.2-9 1213, EREOHENIBIT DAV AHON 7 AEBEBE LRI oy FLT
HB, TORNL L, BIEADERCBOWTROIBE—KTIH00, ThLUSNOE
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R BRUCH TR EEREVELIERGEINRTWS Y, LoT, K& 5S%RED
HERY Y ZHIZB N TREEN 7 BOCHEICRONEERERIZ. VI AEBICX
SHOTRRL BERRTOZ V7 BERFE SR S BREEELCERT 59
HEREZ DD,

2-2-4 #5%

DSC B L U'DMA BIEOFRERN S R Y A EH BRI 7 A EEE2ETHHET
HHEPHOPERoT, BIZ, BV TEHON T AGBIBEIIKRSBZEMT BIZH-T
KBTI 2ERIZTRL., FDEEFEMENRL Gordon-Taylor A2 Lo TRIFICERTETH - 72,
KoT AV ZEHON T AEBERNL, —RERV T ARDE LR B LTV LER
b ERRoTn, ARERTIL, DSC & DMA 22X ORGD T, HREBIZESAVWSGRS 2
ODFEEZHALE, LHL2eRb, BohiEREEE TS L, DSC Bl TERE
ToltBETHTHICERTELIEARERPBEONIENRINI, ZERFERICEK
D, DYFTEORE R RMEE, THbb T T AD L 5 RAEe, BE - KYEiThE
SR, E L TEWEFEERER, WFh L 20N 7 AEBHL LHEEL TWBH
REMEA R S 472,
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- 2-3 DSCICX B8R4 RMIARDOY I AGEBHE
231 LI

AIFEBRT T ARBETHIERHLN o EN D, ARICINEESEOE LM
Z DT DMUMD L IREAGRANTIESE S, WY AEERE L VT AREBERY &
DEREEN TR I N, T TARETIE, VAR T TR, BFRAORREIZLIXLIE
BETLH I ulP A\ REORER, TLTET, FAREODEFAIZOWT, FTFR
EBHEOEELETEL, £4 DARICBIT 27 7 ABBEREDKS S BREEEH 2
HERNTD LB E L, RRZER L LIOKENTLROEE L. FBRTOL
DBRFESHEEOBNC L >TEEEND, 2T, Hx DRRIBITHN T AIREDL E
T, R X DR ETRTENER NS,

v Zua, YRR EORFEIT, Y AEEERIC T8 I ah, ZLoFREEE L
T—RIZAVWDI TS, £7o, vF 0 F AR EOBHFAIR. BENMTZEII,
BRLL L TRENDIEE LD L, MIELCBITHAERICEY, DSC OATHIHERR
BBRVPEONIENRALNERo72lzd, RETILE DMA 2 EORIOFELZ AT
DSC DA Z RV TEREITo T,

2-3-2 EBS ‘
A5 AEBREOREICIE. SEBEOADHFREAW:, 7, REKLLT, Y
4 (Bonito: Katsuwonus pelamis) . A 735 <7 1 (Bigeye Tuna: Thunnus obesus), <373
(Mackerel: Scomber japonicus) . = L THEREL LT, v & A (SeaBream: Paglus major)
&< &5 (Cod: Gadus macrocephalus) % FAV Tz, WTFHOAR S, TR LD (RERIZ
B Z/RIETEALL, ETORDERCE. BREDTRAERSZBRELLE, ¥
WERETA 7T 15em T@HFO7 vy ZRITEIY 53372, ThbEZ#BEAPT 15 5
ML, WALER, FERERL -, FEERLEIX, ETREZACETHALT
TSRS S &7, 5C/10hours W IFRT v 7T AMTiEo THRAIOEESR BT, M
BELABHEEIC 2 BA R R D ECHE ST, BREEER OREHIAS T T
RRICRDECTEVIERL, ERIBBROEDIC, ARV VEANRET VU —FRAT
BEFEBREIT o7, BEICAWVWDET, WThORES-30°C OBREENTRELE,
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Table 2-2 I, BEBRTHEA L ERAADORSHERER L 7, BB OKSHEEL L UUKSE
E. FiTDSCHIER., B 1 ETRREFEICESW T2,

Table 2-2  The proximate composition of several fishes'®

Fish Water Protein Lipid Carbohydrate Ash

(%) (%) (%) (%) (%)
Bonito 704 25.8 2.0 0.4 1.4
Tuna 68.7 28.3 1.4 0.1 1.5
Mackerel 62.5 19.8 16.5 0.1 1.1
Cod 827 15.7 0.4 0 1.2
Sea Bream 78.4 19.5 0.7 0 1.4

2-3-3 RERLEBE

2-3-3-1 BR&RRMTARED DSC AERR

Fig.2-10 {2, 7K%7 1.5% OG-~ 7 0 ICIS T 5 BB 72 DSC B %E R34, #iE
FRITFHE OBBRELZ EETADITITo 0, I Y AE LRI, = e —iEfn
WCEET S ERONDIBEL—7 2 130°CHHAEDIRERIZE DL, 2nd run O EIBRITIL,
140°C (HEICHBER N 7 R —F N —EBBERT AT v TIROBEEELHRE Shiz,
COBAEEEMIT un OBMBRICHRBEF TRESINWTEBY, V7ABBRRICL
STEERBEDO—OTH I bHERIN, MOARRIZ YN THET—F 28K L
Tehs, Wihd < 7 olIZBiT 5 DSC EF & £ AFE0ER 2R L,

WIZ, B2 BRABICRIT S T,0KSEEERIFEEEIC OV THE Lz, Fig2-1112kK
DEEBDERRDIRGAR (WA, ARF<ra, <4 ) O DSCBEKRE, £LT
Fig2-12 ICB & A (vF 7, v54) ODSCHERRETT, 2R L% DSC dh#
. Wb 2nd un OHEBRTH D, Fig2-11 ITRLE~ /o BAOEE L FEIC, 7
EIFRFRHII A E—BRICERT IR — 71 L > TERR T, DRENEEE
THoTcled, T,OWEITIE 2nd un O DSC B ZE Az, W OBHIZH, HERE
o ZED L LTI AEBETRTRREORT v 7TIREILBRE b, WTiholIA
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RIZBW TS, ¥ T REBIERENKS O > TREIER/~Y 7 M5
Rohfe, ZHIKOTEHRIZEAEDOTHY ., WYL HZHD LT HEOMDIFEL
AT ARPELRROBDO Thole, TNOLOERENDL, IV AE L BRI, BRe
MITARB—EOKSEEUT CHEBER TCO I ARBERVEAZLBHALNER
o7,

UEDREREND, ThHARZERE LEEEL OBASRRMITAERICE o Th,
T AGEBEEOFEAESFBTRETH L Z LRSI,

é Ist run
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Fig.2-10 Typical DSC thermograms of boiled and freeze-dried
tuna muscle with 1.5% moisture content. The 1st scanning
was carried out to eliminate sample history.
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Fig.2-11 The DSC thermograms of several processed red meat fish
muscles at different moisture content: (a) bonito; (b) tuna; and (c)
mackerel. These are second scanning curves to eliminate relaxation
hysterisis effects at first scanning.
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Fig.2-12 The DSC thermograms of processed white meat fish muscles

at different moisture contents: (d) sea bream; and (e) cod. These curves

are second scanning curves to eliminate the relaxation hysterisis effects
at the first scanning.
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Fig2-13 T, EMIARICBIT IV I AGHBEE L KSsSEOERETRT, KT 0%
DEED TIIERWIZRODIEPEETH o770, K3 SHUTORED T, 2K3IC
HLTTry L. BONEEREANETIRICL > TR, IV, ~F o, /3
25 B A DEKIREETO T, THFH 157£1.5, 160£1.7, 16543.3, 184+1.5, 170+2.2°C
Thol, WTHORED T, b, BLIRASEEREEERLZ, RFOERIT,
Gordon-Taylor X~D 7 4 v T 4 VTHBRTH D, 74 v7 47 OFEBFRE:E, W
NORBHIRWTE 099 ULEThHhomEND, TNHARIIBIT AN Z AGBERED
KO EEBWFMIL, Gordon-Taylor RIZCL VEERFRETHL LARERE, ERED
Gordon-Taylor RX~DT7 4 v F 4 VT LORD N, T4 9T 4 VT RFA—F
DOEX, BV AN 426, <71 410, vH /38 499, v FTH 422, v F A 3 3.82
ThY., REOBVNZLIBELEEIR O o7z, BT, BohlkDEZRW
T, Eq2-3 Mo T AGBROMBEEAC,DEREIToTz, TORBR, # V4, ~
ra, YN wH T vHEADACERIENERN 031, 032, 029, 031, 033Jg &
Role. BREOREREZ, Table2-3 ITE LD, WTILDU T RAEB/N T A—FH, AD
BEICL O THEMITVELRLTRY, BIEELARKRFRIZIR O NS, £
DO—FT, Fig2-13%2 R3¢, REBRTHAVWZASEEBGEICBNT, vF 70w A
REDBERD T3, AV =70« v IR EORFAD T, L0 bEWIBEFIC
HEIERDND, BRBEOEBNMNIL>T, ZOX3 T, EITENROND L5 I,
FERITHRIE, K FED 10% DR, RERDY T AEBRIEEIIRE 45 5 50°CD
#HHRIIb-T, —FH, BRGEEOR, BHAOT T AEBREIL. 60 125 65COH
BlichoTe, BRBOEBERCICERT T —2DIE02%2ERLTH, TOETH
BRETHDEHRED,

AEOBWIERTIZOL IRV 7 AEBEFHOENCEL T, 2 2OWESERE
2bhb, Thbb, 1) RRFOREICLZFENE, 2) AEROF 37 BROE
ROEILL BZEETH D,

Table2-2 22 HEAL N2 L 9, REBTCHVWERF AL, BHFRAICES LIEEEE
REV. £oT. ZOXOIRIBEEEOEZENRBO T ITHELZRITILTWLOTIEZR
WHhEEBZ DN, LRLREMRL, FURTED T ICHTDRERMOEEICONT
DIFFEBIERD L. ZV 37 BD T, DIEEOREIL, Kool k5

51



CERITPNZIVEREINTWVS, Kalichevsky Hid. AT SICEBEEOIEELERML
T, ZOWMES LOREOSFES T, 0 XD L 5 ABEERIEF MW THE L
T3 D, ZORKE, BEORMIEIALF O TICH LT, BLACEERRITER
WERBALNERSTWD, B2, ML EEEOREBRIC L > TIRTBHENR LN
B, ZOPRITDL TN ThHok bBRTNWS, FO—F T, Shaw HII/NEF 787 )
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ToTHEY., TORER, REMOTMINEF L AIET74NED T, 2 LESEDE)
B TROBRTEHESRLLNEE, ZOBBIIbTIECRE Th ol LHE LT
W5, 0L, BRERSON T AGBRSICRIETIEERNOEBICET 295
H—EL TR, BZELL ZOEEIT, BMT2EORESC. BMEZ 52 3
JEOBBEIZHEKTFTHOEAS, L LR L, TICRIETHRI, TEHE THI.
KEEHMREThHN, ELLICHIEFITNINVEEXS, o T, KERTRALITZ X
SRABECLDEVY, BEOEFEOERBIZLINEINERDL LY, B, A
REORT, — KK LEESENENLBbIS < ITBWT, #HIZBMN-T
TAMEN E WS BRI R DR o7,  LAA UHRERTH B I Y FRow Sk ¥ic
BB, bTEhRRE T, SEVVERER L, -7, NESHEOEI L B8
. BELRFO T,ZOFFEE TRV ML,

EZTROFEEL LTELLNIDOBRARICLD X VRV ERSHEBREDOENZ
L2EBTHD, RREZEETLF V7B, COBMEOBRNND | KBS 3
VB BEES R TE RBMEF R T BN B3 OORSICKAEND P, K
EEF NI B BB S VO RI B RERS VRV BIX, TN TENERE Y S

(sarcoplasmic proteins) . FhRMEMESY > X7 & (myoﬁbriilar proteins) , FHEEZ I E

(stromal proteins) & HFEIEN D, REORAIL, BHFORICHTHERESY 378
LHEES VR ERTDEREVD R (FHES VB EELLELONBETH
Do RO S 37 BOMBIHEREEICL > TRELERY | ZRENORER
BASEOBEIIRBINIFRRLAONTHE Y, LoT  ABIZL YT AR
ZEOBRWMI, HRE VT ERSOERE., BXOZOMEOBRWMIEE L TCWSH
BEMNFWVWEE X, ZORICONTIE, RETHERICRET 5,
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Fig.2-13 The effect of moisture content on the glass
transition temperature of several processed fishes (bonito,
tuna, mackerel, cod and sea bream). Dotted lines are
fitting line to the Gordon-Taylor equation.

Table2-3 The glass tramsition parameters, T, and AC, and
Gordon-Taylor parameter & of several processed fish meats.

b
Sample T, (°C) *k a /giifid)
Bonito 157.0£1.5 426 0.31
Tuna 159.2+1.7 4.10 0.32
Mackerel 165.3+£3.3 4.40 0.29
Cod 184.6+1.5 422 0.31
Sea Bream 170.1£2.2 3.82 0.33

* k values were obtained by fitting the experimental data to Eq.1-1.
®AC, values were calculated using Eq.1-2.
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BIE AANOCHHBLEGREY VNV HE., GEBY 78
DH T AEGEBHIE

3.1 i

AMEIZBIT2HAEICLD . AVAHEFII LD, e RMTRARY S ARELTYE
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BUNTERGORIETEREICRARICT IR BRE L,

ROBREHERT D V7 BIZ BRFOFEMEBIZL > T, ZhEZNBRES v
237 8 (sarcoplasmic protein) . FHFAMEHESY o /X7 B (myofibrillar protein) . FFEE ¥
/37 & (stromal protein) & V5 3FEEICKF S AEEFFIECHAN:, BFEES
7EIE, BBOSTFEONEVERSY LA B DR Y | HREOTITET THEEL,
FROESILELRNANALRRENCBER T IBERTH D, BRGHEY XIELEH
BEEX V7 ERWTROBHEROZ 7 B G 72o TN BN, BIE IR OIHERS
BTHOHFHMELER L, TOEBANORENCR> TV HDICH LT, BEIIRE
BEHR L. BROMBSESORE LS LTV,

Table3-1 ([ZH 4 RARDZ 7 BHERE TR T, BRRZ VRV BEDOHRE, ZV 30K
2D BS%ULE EDEONGHEF VNV BELBESEY LV RVBED 2 SThHY .
BEEZ VNV EDEDDZEEIIEF IO, ZOENS, ARBICE AMIEAEDE
WEEETLDIR., ELHHEY NV E, GRS VNV BETHDIEELDND,
EBE. MBEE. H50ITNMMEE Vo T TRHC A U 284 RBRNABICL TR
RoTWEN, ZIWIEZHBESZ V7. HEVIIHERESY 7 BIZERT S
ERTTRALMIZENTVE Y, 22 CERETIE., BHES V7 BELHER
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Table3-1 The composition of muscle protein fractions of several
fishes and animals.

Species Myof.ibrillar SarcoPlasmic Strf)mal Researchers
proteins (%) proteins (%) proteins (%)
Bonito - 34 - Uchiyama et al.%
Tuna - 36 - Takahashi et al. ”
Mackerel 60 38 1 Yanauchi et al. ¥
Carp 70-72 23-25 3 Suzuki et al. ¥
Yellowtail 60 32 3 Shimidzu et al. '
Cod 76 21 3 Dyer etal. 'V
Flatfish 73-79 18-24 3 Suzuki et al. ¥
Pork 54 42 4
Beef 56 40 4
Chicken 56 41 5 Lan etal.
(brgast)
%’ﬁfﬁ%ﬁ 55 40 5
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BEtLiz, B2, REALLTIVA, BFRAL LTI TE2ED, ABICLL-oTER
BE VT BRYOEBOBEND  RAOH T AGBHRKIL LD L ) REEBERIETOD
P ONTHBERZMZ 7,

REBRRZ VR ERGOT T RAEBBEEITOWTEL, ANF < apbiil Lz
KBS R EICELTTTRBEFAN DS D, LhLehld, ZOWETIE. AR
2EOEH L OLBPTON TR LT BREY VIV ERSBHFRON T AEBRE
IZHLTEDISITHFEELTWAONTIHELNZEN TR, £, w0 b
LB E Y v BB L URREMES 7 BEOH T AGEBREZTE L A
LEETS Y, LLanb, ZhboHEIINVTRLEKS - REEREORE 5
ELEbDTHo T AHFETHERT D L5 REAKSRECTCOFEFATRESN TR
[N

3-2 EBRGk
3-2-1  BUBHRESR
g2 > A (Bonito: Katsuwonus pelamis) 38 XU~ 47 (Cod: Gadus macrocephalus)

EREE LTRAWE:, MARITERBREDO L DX TR/INEIE TEALL, HFEF 1
7 BB L OBRMES 7 Bl ORI BB O Lan 5 0 FE PICE S0 TiTo 12

(Fig.3-1), SR & L 7 B ITHEHE B2 E ORI FEREEZIRY BRI DI,
Bt AL KT 48 BERBAT Lo te. WOREIRE(T -1, BEMIES v S0 BRAICH
WTH R EZRET DO A Z KT 6 BIFE LI-%, BREEER L7, BRIC,
BRAZTAT7TLS B FA— VBT i3, MOLELHESRVEE, R
BB U, T TORBNIGREEE. a2 ATl VHFRRIII L., &
Wz, ALY VR ANET U — AN TCEZEE LT,
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Minced muscle 100g
+

Buffer (400ml)
(0.05M NaCl, 0.05M potassium phosphate, SmM EDTA, pH7.0)

Homeogenize in a Warning blender for 4 min at
maximum speed in a 2-4 °C cold room

|

Mix with propeller at 39 rpm for 4hours at 4°C

v

Filtration to remove stromal protein fraction

V

Centrifuge at 7000 x g for 30 min

/

Supernatant fluid from 1st washing ;fellet )
(Sarcoplasmic fraction) (Myofibrillar fraction)

\

Resuspended in 400ml
Dialyze for 48 hours at 4°C using buffer and centrifuge at
regenerated cellulose tubular 7000 x g for 30 min 4 times

membrane (MWCO: 3500)

\l/ Wash with deionized water 6 times
Freeze at -50°C overnight \]/

\J/ Freeze at -50°C overnight

Freeze-d
reary Freeze-dry

Sarcoplasmic Proteins Myofibrillar Proteins

Fig.3-1 Procedures for separating sarcoplasmic and myofibrillar
proteins from bonito and cod muscle. Adaptations involve the
procedures for dialysis, freeze and freeze-drying.
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3-2-2 SDS-PAGE 2 X 3% /7 BRAYOHHEE O

HHELEBHES 7B BRSNS v BOMBEE 2R T 57201, Bk
3% Leammli O FE PIZE-S3% SDS-PAGE I LTz, ARREZ V37 BRSOBRIKE)
B OTABUZEE L T Craeys HOFE %2 L L AR L Z 07 BEEKIL.
BRI B £ TS0CORBEENTHRE L., KBABEHRBI O FE~—D
—IZiX, £ EH Running Buffer Soln. (FiefiZF T2 (B%) Lot No.HPG9806). Protein
molecular weight standards broad range (Molecular Probes, Inc. Catalog No. P-6649)% Fiv 7z,
BRIKENA 7 ZiE, ATTO SPG-520L B/ <P /b (5-20% B EEREL 7 V) (7 h— (BR))
., FLTEBKIKEERIT ATTO B4 X - S =25 7TELKKGRE (AE-6400 ) (7
R—BR) BRIV, KENCEL T, MBOEAv=2 T AMCESE . S 1 RICD
& 15~20mA DBEE K 90 21T o7, KK THR., S A0 CBBRELZTo/, +5IC
Pt SW B0, FARBRERIC-BRETIAAR, RERIZIE, REK Bl 2%/
—E15:2:3 DEETHE LEbOEAVWE, i, HEDKT LS VE, BiC
REAKPC 48 A S, £0%, E=—A RISV EAN, R —F— (B
+BUERT (7)) ZAWVWTES L., f#TH Y 7 b Photo shop % BV TAF ¥ 7 — (EPSON
GT-7000) THELYVIAAT,

3-2-3 DSCiZ X 28 # v 37 B ORERER

B LM Z L BRGS, HTE, b LIIEFERR IR TI TITESRL
TWAEREMEREZ b, BEREBEROZ VNI BEEBEKICERL, DSC %
BANWTEMSY —7 OERE{Toz. BIRROARN., HRES LV E, HFBHES 1
2B % AR DSC EANICEBAREAL. BELKOEARBLE 37 1R85 L
(ZFRE L7, DSC DIMIBGKMHIZIINETLRFETH D,

3-2-4 BBOKZREL X UKAZHE
HEDOKSTREBIVKSEEBDOHEER., ThE TEREILIT- T,

3-2-5 DSCIZXB VT AEGEBHE
HYAE,. MLARAOEE L E CHESEETITo T,
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33 KRLER
3-3-1 SDS-PAGE

AVFRBIOE TN LEGFRES V0B, BLOHBEHES vV BEDE
SHBIR Y Fig32 IR Lic, —BEBOL— Ry TFEBv—t—2RLTB, B
. IETRIDGIFRHE Y 37 BIZB W T, 200kDa (HEICIF LV ES,. LT
45kDall7T 7 FATHERTHIRNWAY FRE b, /o, BRES V7 By DL
BRI FV LT I FUIRES AV FRRONE N E) b, BRS DIBA
TR &l LT,

Z
CS ?* e é)..
— o
S cfrg
< v g
£ o E
s g8 2 &
; o o = =
—— o kDa
Myosin 205
HC
116
7
66
Actin 35
45
30
21

Fig.3-2 The SDS-PAGE lpattems of sarcoplasmic and
myofibrillar protein fractions extracted from bonito
and cod muscles.
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332 HABRED DSC BIERER

Fig3-3 |2, HEEEE, BEAKERAKIRTEZIYE, BLOIY AP LM LG
HE. BESE S 7 B D DSCRIERRETT, WTIOREHIB N TH, KK 40C
M SOCFHEDBES I u— FRRAY—7 BRI, ZhikzhZhoie
IR AERRS OBES Y~ RERVE>THRHIN D THD LELLND,
ZOBE®IT, HRY VA BOBERICETARBROT — 4 LIZE—FH LT T,
FXoT, REBRCTHWEREHI, HIR, b2VIIHRFEBRIRZBLATHRAIC
BERELTOWRWERERTE L, bbAA, BREERRENLZITBMEIPDL A —
VO Z R T 2 ERIARFRETH D4, AEBRICTBW UL, il L72B i 21
BIEXRSRITA2 D LHIF LT,

é Whole Muscle

F— . —

N

g Sarcoplasmic

£

£ \\/

= | Myofibril

\ o.mM
20 40 ' 60 80

Temperature (°C)

Fig.3-3 Typical DSC thermograms of whole muscle,
sarcoplasmic and myofibrillar proteins of bonito with
about 70% moisture. To adjust moisture content, distilled
water was added to powdered freeze-dried samples in DSC
pans.
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3-3-3 DSC HIEREHR

Fig.3-4, Fig3-5 2, AVAFB LU~ F ZOHRH, HEL V7B, BE##ES 8
ZE O DSC BIERERETT. THhLOREBHIVWTILE CHEXHEE (RH=6.6%) TK
SRELIELOTHY, FEROKSERIL. VYAOHENRENTN 49, 55, 49%
ThY., =X TOHFEN 52, 6.1, 56%Thol, REIZEDLLT, WTFhoRE b X
AEELC & 57 DSC #i#ar Lic, ETHEFERICIEVTI, &30k L b
E42REAL—7 B—ofZ TRl Sk, FRBOBEHEEL, v Y OB PR,
BE S B, HIREHES N BOIBICENER 127, 137, 40CTHY, <&
T OEEBRERRIC, 126, 122, 123CTho7, —FH., Figl3-3 1R LEL T, Ko
70% DRBOEHEE DSC HER LITEBEOBEME Y — 7 B S hviz, A28 5%OR
B 70% DEBDR UEBESE Y — 7 BOBVIZ. ARBOKSEEDOE ML - T,
BRE N BOBREMBERKEL BRIZBUERT I B2 005, BASRED
BEIE. BRE VA BOBRERRENHBHNEZ - RERICH A HIZ, DSC
BETIETNZTNOREEY — 7 BHHEICEE s, LA LR b EKRSRBOSE
(3. BEREBEEDOKGEERERERIZE > T, RS vV EOBREHBRENRBEWVIIE
VMEZETH L9170, DSC B ETikEx OBRESE Y —7 BNOMTEP, BRE
LT—20—7 DL PBESNEZFAEERD D, REBRRO L 51T, FEFITEADR
BIZHDHAY 7 EOBEEY— 7 BE L RAIE LHEFANM 22 BLEM
THIAZEBRER LBEEDT — 4 L OHBIIHK R » o T, RERTRONEZ—DDORE
UV— 0 BDEBROBRSE RV BOBEEY - BERV BT LD THINE Sk
B ONNCT270I01E, DSC OFBREELAERFG LV HEBL L L COBRE.
BT, TR DK RSB ORI & 21T 5 RERS 55, FFECHER
MR BRENI TR o,

Tz, . HRE. BREE. WThoRBHIBWTH, FIEFRMBICIIEEMEIC
LBWMBE—7 DEEESNBE—F T VT REBETIRERDORT v 7TREM 2B
THZERHERP T, Ll BREREICL > THELNT 2nd run O #h#R
BV BT XV e LENF REBERTEERON—RTA V7 MBI
Enie (Fig3-4), BVEMRTORBHIBWTIRY T A BB 2 R TREEL L NPERETIR
2 BEMBIOIIFERECE-EV L LES T AGBIRHINZER, U0 ED
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AT ABBERRITL T, BERORETEENEETHLIELR LTS, DSC #
BRLECBEND N7 ABBEREVBEEE TRBD LWV IRRIT, W ohDZ 3y
BEBIOGZ U7 ERERG & LIEERBIZBOTT TIZHENRENT WS, Orlien &
X, SRIMBOFEREEE~ 7 2 FRICET 5 DSC BIEEITV., AERFBE L FEICKS
DB WG RIEIN T ABEBBREMEFIIRE LIZKVWEEZHRELTWE Y, £z,
Sochava BIXKEF /37 B D DSC BIE LTV REMERBHIN 7 ABBEORAEE
(EBIEBITN SN DA T AEBBER TR LICS WERZHALMI LTINS D, &
7z, Green H{3F b7 m—LiZktd 5 DSCBIE T, BARDRBON T REBIIEHITH
HTE 20T LT, BERBON T AEBIIRHRTETho L HBEL TV B 2,
WFHOREHIB W T H, BKDZ VB0 T ABBHEIL, REMERETIIVS
REBROBEREMNPIERIT/NIWNZHIZ DSC T LIz wolzst LT, sk
EETD L BAEROERVPERL, EEICHERYT 7 2BEBRASKN/A LIS X
SITRD EVWIRPEBEBL TN D, RERFEROLZDLTILIE-& 0 &L LEERES
DT ENRHERP TR, BEEOFZ VR TBIZBITAEREEZL L. BRF LV NVE
DEVEMRIZ b T AEB LR THREEIE+CEZORD, ¥ VX BOH T AEH
BEIZRIETEEEOEET, BRANIOLCTHLHEETCEETHILEEZLND N, £
NETIZERER > TN LR L A EBEINTHRY, ZORIZONWTIE, 5
5 ETHMICRMEMZ S,

A, BE., BREES ) BOBRERBRON T AGBEEIX. Y+ OBEN
ZNEI 74, 100, 107CTHY, = F T OHFED 84, 93, I8C TH o7z, HITITFRX
BRI, TRHDOR—AF L7 NB L2 RBBIE, 77205 3rd un @ DSC B
BICBNT OB S BB TVS, foT, #T AEBEERIC & > CEERRHMET
HOMEE LR INT, IVFL<F 70 DSC B TR TWEDIE, ¥ FHH
DOPEIFEBRIZBNT, SOCHEICRBA Y — 7 BRI ATH D, KOSENEE
IEWEEZEZSL, ZOBREQCREBERTEESENEZ 2L IETEBZLIISWVEND, 20
V3B ERICE 0TI RVEZELZOND, ZTEBE L REORFREREIC
WETHBEME—I THH I,

ULDORERNPO BAADERD THLIHBHEY V7B L BEBESY B OMES
B, BEERICHARRY 7 ABBBRSERTENALNE RoT, ZORBRIT. ARE
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B, FRAF AT BEERS LT DHRL RIEKSMI &SRR, WTFhb U7 AREE
RO GLIELRLTND,

Whole Muscle 127°C

Sarcoplasmic 137°C

Myofibril 140°C

‘LO.IOmW/mg

<———— Endothermic heat flow

20 40 60 80 100 120 140 160
Temperature (°C)

Fig.3-4 Typical DSC thermograms of whole muscle, sarcoplasmic and

myofibrillar protein fractions of bonito adjusted at the same relative

humidity (RH=6.6%). The moisture contents of whole muscle, sarcoplasmic

and myofibrillar proteins were 4.9, 5.5, 4.9%, respectively.

Whole Muscle 126°C

g

(]

E

&

=

g Sarcoplasmic
% 93°C
<

= | | Myofibril

=

J 0.10mW/mg

20 40 60 80 100 120 140 160
Temperature (°C)
Fig.3-5 Typical DSC thermograms of whole muscle, sarcoplasmic and
myofibrillar protein fractions of cod adjusted at the same relative

humidity (RH=6.6%). The moisture contents of whole muscle,
sarcoplasmic and myofibrillar preteins were 5.2, 6.1, 5.6%, respectively.
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3-3-5 HE. BREBEY VA7 ED T,KRIETASEEOEBIZHONT

Fig3-6, 3-7 KD ERBOERDI IV A, v F FOHABLOZOERY v /37 Bk
53 DSC BIERREZRT, Wb 2ndrun OHBRCTH Y | MIEIFIERICT CITEEHE
LTW%, BVEERNCIZRER Y S ABBESP ROV, T, ORHBEETCH-E
WA ABFRIIMBYLEZ M2 - REERGEE LTS, SEIIRESBEOT T
ZERBHBICEL TORRE LT, £ TORBHZBWT, BRERT 7 AGEBL2 RTEE
BONR—Z5A4 7 "NBPEEEN, BT, KGEEOBIMIHES T T, 2MERM~
U7 NTABERABRLONEEND BHRZ BB TCHKOTEHRENED S
hiz, BONTZERED TE% Table3-2 IZF L O,

Fig3-8 IZWVF « v ¥ SHRBLUF VARV BRSITEIT B THEOKASEBIEES
AT, MPOAKIE. Eqll ~DT7 4 v T 4 T hH—TThd, BEOKSHH 15%
UTORIX, 74 97 4 v 7 ORBRERVTRE 099 U ETHY, FREO T, I
Eq.l-1 TREFICHEBFETH o7, LHLAEMRDL, K2 20%LLEICREE, T, EIX
T4 0T AT AT hoANT, mWMEEZRTEARR N, ZHUX, HD—ED
KABEEBZTE VNV ERHHITKTITH & ZRUEDOKFIZY 7 B L 3L
MEERET, BRL LT L ICRIETKRGENMOEEN/NSRDTEDHTIIRWES
SRR

FEBRTHWEASEREHE (0%~25%) IZBWC, IYF - v F THAROY T
AEGBIREN, B L2 V7 ERAG LV bR VIEWVEEZRAERREN, ZD
EEX, AOBRIZRBIT AN T AEBERSEN, BEHLK-GRE S 30 E-HRES
UNRZERERL L THERTERVWEEZRLTWD, HAFILEEND Z 737 EEL
HORS. TROLECEE, XTI 5% EDESTENEOHEL ZRITAND
BRDHD, LS 7 BESICEL TR, WL VHHIRET, ZhLESTE
VEERETDDONE B2 L) MTbnTnd, ThIZR LT, BRITEER
BETIMOABLEISNTE LT, INOLOESTEVENZOEERBFITREL
TWAHEEZBND, —RENT, KRR COBESTENEIX. BHTON T AEBEL
S LTHEHE LTERATHEEDR TS M2, ZURV BBV TH, b=
—ARAT A=A TN h—RREOEDEMBE, IAT oD T, 2E LETsH
HERREINTNE D, LERoT, ARIBVWTH, HHRFIIERFEL TV IERE
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KESCRETHIN, REBRTEONEZIYAIHAL Z V7 ERSEO T,213. 8
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ZEICEETEIOTHA I, ELAFETIE, BOFEVEOFO EDORDD, EE
IZHEREZ NI BD TARTIZEE LTV AT 2N T ORI TR o e,
Bz, FUNVBRARLORBEIToTER. Y4, ~F TOBBRITBVT,
IFRBHE S L RV BERHFRES AV BIDLEW T, 2R TENB LN LR, T
DED22ODF U RTERDITBITD T,0ET, BELLEE VAV EOBE, ¥
ROBERS VNI E BHERZ VRTBEE VT BEDEWVWICERTIOTHAS D,
LLABRL, ENENDF RNV ERFOFTHEEN, FTRAEBERFLEDL DT
BhoTWd0OPEBREECTIITHATHS, ZORICOVWTOERSL, SEBROBREL 2
A9,

ULDOERND, BRADON T AGBERRIL, ELERSTHIGHELZ VI ELH
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LA ONESTFEHEN., REED T, #ETSHETCWEIAREENRDIENRHEL
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(a) 0% Tgmidpoint
4.2% st
9.8% -
192% . T
s 0.1mW/mg
0 50 100 150
Temperature (°C)
(b) , 0% Tgmidpoint

Endothermic Heat Flow

0 50 100 150 200
Temperature (°C)

0.1mW/mg

0 50 100 150 200
Temperature (°C)

Fig.3-6 DSC thermograms of whole muscle (a), sarcoplasmic protein (b) and
myofibrillar protein (c) of bonito at different moisture content. These were
second scanning curves after heat denaturation at first scanning.
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Temperature (°C)

0 50 100

150

T midpeint

Endothermic Heat Flow

22.5% : 0.1mW/mg
0 50 100 150 200
Temperature (°C)
(c) 1.0% 7 midpoint
. -
5.6% =z

29% 0.1mW/mg
0 50 100 150 200
Temperature (°C)

Fig.3-7 DSC thermograms of whole muscle (a), sarcoplasmic protein (b) and
myofibrillar protein (¢) of cod at different moisture content. These were
second scanning curves after heat denaturation at first scanning.
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Fig.3-8 The effect of moisture content on 7, o of whole muscle
and protein fractions extracted from bonito and cod muscle
Whole Muscle Sarcoplasmic Myofibril
200 T T T T 7 T Y Y T 7 & T T T T T
4 Bonito | 4 A Bonito | Ty 4 Bonito
6 150+ O Cod »ﬁ\\ 0 Cod | “\‘\\\\ O Cod
< kK e
@ A B
S 1000 A I Y 11 B ]
) & o Tk o
2 s0r A 1+ R - B
£ 4, RN ISR
15 A ‘.\\ n} \5\:\ " . -
e . A
of S 1F S A
-50 1 A i ! e i S | 1 1 i ] i il L
0 5 10 15 20 25 300 5 10 15 20 25 300 S5 10 15 20 25 30

Moisturé Content (% dry basis)

Fig.3-9 The comparison of T, values of whole muscle, sarcoplasmic
protein and myofibrillar protein as a function of moisture content

between bonito and cod.
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Fig.4-1 Typical DSC thermograms of Katsuobushi with 6.3% moisture
aged at different aging temperatures (25, 42,60°C) for different times
(0-70 hours): (a) 25°C; (b) 42°C; and (c¢) 60°C.
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Fig.4-2 The aging time dependence of relaxed enthalpy of Katsuobushi
with moisture content of 6.3% aged at different aging temperatures.
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Fig.4-3 Plot of the relaxation function (®) of glassy
Katsuobushi at 25, 42 and 60°C

Table 4-1 The fitting parameters  and 1 of KWW
equation for AH change in Katsuobushi

Aging Temp.
0 B g0
25 0.35 1.05x10*
42 0.25 4.65x10?
60 0.35 0.44x102
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Fig.4-4 Semi logarithmic plot of mean relaxation time
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Fig.4-5 The Arrhenius plot of the molecular relaxation time
of Katsuobushi obtained by enthalpy relaxation measurement
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Table 4-2 The GAB constants for water sorption at 25°C in non-aged and
aged Katsuobushi at different temperatures for different times

GAB No Aging time : Aging temperature

pimmelen aging  jweek 2weeks 3weeks 20°C  30°C  40°C  60°C

X, 6.98 6.34 6.07 6.07 6.85 6.62 6.34 6.10
C 85.6 489 440 35.2 654 66.8 48.9 437

k 0.99 0.99 0.10 0.10 0.99 0.99 0.10 0.10
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Fig.4-6 Water sorption isotherms of Katsuobushi no-aged
and aged at 40°C for 1, 2, 3 weeks. Dotted lines are fitting

lines to the GAB equation.
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Fig.4-7 Water sorption isotherms of Katsuobushi no-aged
and aged at different temperatures (20, 30, 40, 60°C) for
1 week. Dotted lines are fitting lines to the GAB equation.
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Fig.4-8 The GAB monolayer values of Katsuobushi aged
at 40°C as a function of aging time.
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Fig.4-9 The GAB monolayer values of Katsuobushi aged
for 1 week as a function of aging temperature
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Fig.5-1 The structure model of hemoglobin
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Fig.5-2 Typical DSC thermograms of hemoglobin
powder with 15% moisture content.
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Fig.5-3 Typical DSC thermograms of non-dematured
hemoglobin powder with different moisture content. All
samples were aged at several aging temperatures for 24
hours. The 7, values of these samples were determined
from onset temperature of the changes in heat capacity.
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Fig.5-4 Typical DSC thermograms of heat-denatured
hemoglobin powder with different moisture contents. All
samples were denatured in DSC during 1st heating scan.
The T, values were determined from onset T, values.
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Fig.5-5 The effect of moisture content on the onset 7,
value of non-denatured and heat-denatured
hemoglobin powder.
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Fig.5-6 Typical DSC thermograms of non-denatured
hemoglobin powder with about 8% moisture aged at 60°C for
1-5 days. Each sample shows clear relaxation peak lapped
over denaturation peak.
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Fig.5-7 Typical DSC thermograms of denatured hemoglobin powder
with about 8% moisture aged at 60°C for 1-5 days. This sample was
pre-heated to 150°C for denaturation at the first scanning in a DSC
pan. Each sample shows clear relaxation peak lapped over base-line
shift.
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Fig.5-8 Comparison of DSC thermograms between

non-denatured and denatured hemoglobin powder aged
at 60°C for 2, 3, 5 days in a drying oven.
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T, BMETT20THD, RERIZBW URINEAE S 0 B OBEERBIZRITS
o AEBEHOENS, INEEROBECELTOIFEERS S,

Fig5-9 12, BRZ VT BEOEETTNERT, RAT 4 TIREOF 37 B,
a-~U v IR B-— M lOBREEL, T U LA N EORBRANEENOHE
RENTWS, LT, ITHRAEEN LR ERSFBRBRICEY L, THRAE
NG RRHEERD, FEERER. 00XV T ABBITHEY T L AR, U
B2 BEETL L, BABERREL I FLal bt a8, Zokoi
BEERAD, Ty TEATRRICH S BREROBBICEY T3 L EZ 5ERH
KD, DLV, BEEBRDOZ NI ERREVACEEZTRTOIL, XAT 4 7HRET
DRI 1T T AEROED ZEEVBEEIZ L > THERTEINLTHY, T, K
72BMi%, BIERANY v 7 AEEPREL TRERT VF Lol VEE~ELE
7202, TROEEMERE TS TH B, Hayashi b PRIFATNVT I VA ADH T R g
BILETAREOE T, BRTETIIELINY v/ XEROBE, Thbb~Y v
I R-DANERER, TVTIVFNDOHT AMEOREATH LA BEEEZREL TR,
ZIUIHBIBEOREN T T AEB RS LEHET D LW RHEORHILE B LT
5,

~heli ’ ’ ~
RO __ $— region
region % Fig.5-9
Q&L o = The structure model
Y & 4 tandom coil of globular protein.
ot region
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521 TR LS, ~AF o U VIIREERETLH2BEOTHAMBEEZE A
T3, LEERoT, REERBICTRONAEN T AEBHEIT. - ORBREERR
WCEET S EHETED, LNLERLERCAVAIBEDON T ARENRT LV F ha
A NBBRICH S THO0E I DT 20T, SEREICEETEMOZ V37 B2 EWT,
S AIANEEOESERY: ACEENET 2L L TRETBLERD S,

Elo, KETREVAAVEOH T ARBICRIETEEREOFBIZONTOBEL#
BIH1-DIT. A TFRNOBEERICEE LEEREToT2, LHLARRS, —BICHE
GFDOHT AGEBELIT, B AL FOBERET TR, B AV MELOBREIZ
FOoTHLRELIEEIND, LoTHFURIEOHAED, BEEICE S TFREEE
B2 Tl BERIIHES 4 AV ESTFROBEEANRETERZ OV THS
BEEL TV BERD B,

5-2-4 #Ew
INET, BRFE U RIEDOH T AEBHREN, BEERMETLEOL S ICELT
BPNTOWVTEHEMICRE LZfIERE S TWiehol, LOLAROAERBERS
0, EKRSA~TT o U PBERRNCTTIZT T ABREE LT, BHEEIGE
WIRERCTH 7 REBTOLERHEON Lo, EiTiX, BAEMICH#EI ¥ 0 BED
HEEEN VT ARBOLZERICEELRITTELRONE Rof, LM LKL,
REEREONE /2 BB TE, ¥ 7 AGEBRS LMY — 7 OSBENEEE
THolldil, AC,DWRER, T FVE—FMEAH OBEHL: Y OEENKRTNE
ITOENHERN 0T, G, BEEMBIIBITZZ VR IEOH T AGEBHRLRICHE
THLVEELEREBRBTIDIE, EREZBEOFZ 7 Eexf e UTHIE
o TV YERD D, £, SEITF VN BEOEEER & UCMEEBWTZR,
BLUADOER, FIZIEEASCEERERE S CTERBRERE LY Vs BEFIAT
BHET, EMET T AGEBOMBELZEMICRITIENTREZ 1 LAV,
BT TR ZURVEOGFRBEENEEENICRETCED L 5 4F
BEGRATDOIZEORELRDZESD,
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53 BASAIYFTRONT T ARBZERETNIEEOERIZHOWT

531 BRLdC
BIECBITA~Eu by 2RB L LEERICLY, FUNIBEON T AGEBHHE
1213, BVEMICHE BEEMBNEEEZRIILTVWAENREINE, ¥ 0 BEDkE
ZALOREIT, MBSREH Z2VIIEESFFELZIRIUD L LB OMITEFOBEVIC X
S THERIND, £ THRE TR, MBEMERIIBIT 2REDERN., 2 L TEES
HEOBNRED, AVFRRADY T AGEBEBIRIETEELHALHITIELZEN
ELTEREToT. BUEGFHERHBEHEORR DIV OhORBE/ER L. DSC %
BAWTZENZNLON 7 ABBREL R, FRCH 7 AEBREOKSSERERIC
DOWTHREZMZ 2, £2, AMEIZBV T, DSCRENOHFELNAT XAV —F
FBRSICET RN, BASELOVF ARELZMD L CHERTHIENRENE,
ZITHABIZRBN TS, MIEGEORR2ERHIKT I v # e —BnE O R
ExTW, BRT—FDKWVRANDT 4 v T 4 W THRBBI, T4 9T 40 Thb
HHINLBRERM « OEZEERTIETC, KRB0V AREOE Y, T72bbA
T AGBRELTICB 2 5 FEBMEO LR E{To 2, MILEFEOBNIL > TAR
DA 7 AREORERICHERBVWRROND LT3 01X, AERICBWNTELR
LEB/EMAL T, JVRERORNWY T ARESEERT DD OKEN T &A%
WHITHENTRRLERDES D,

5-3-2 ERFE

5-3-2-1 PR
HBHTIZ A VA (Bonito: Katsuwonus pelamis) % Tz, B Y FREIXTA 7 %2E-

T1RUYFA-MBEEOT ay ZIRIZEY 307 7-%,. MIFHEORLRDIKRO 4 BE

DB EAERL LT,

1) BRA—7 88 H Y4 (Boiled and Oven-dried Bonito: BOB) : 100°C D # A ¢
Tuy 2ROV AREE 15 EMBELAE L%, 80CIKRE LA —F VAT
48 REEINBMEE IR U TR L 72,

2) EBEAERES Y A (Boiled and Freeze-dried Bonito: BFB) : 1)& FI#RIZ, 100°C D ¥
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KT 15 DRMBLE L 7ctk, FIBCBITDF RV ERS L FRORHET
BRERLBR 21T > THERL L 72,

3) RMBNFEAERLIEN Y 4 (Freeze-dried Bonito: FB) : H» b2 UHOMBMLE L HE ST,
ETOEEFELBRLEEZMZ THER LT,

4) EREBINT H Y4 (Freeze-dried and Dry-heated Bonito : FDB) : 3) OEEEIED
YARAEDSCATISOCE TMAL T R HER ST LB LV ER L,

Fig.5-10 {2, FEORBHARFELZ E LD, WThORE L, RIS EAN
TERRIZMTIL., EAT A ECI0COREENTRE L,

BB

4
Oven-dried at
Boiling for/ 80°C for 24hours

15 min 2
\Freeze-dried )

\ for 4 days = (BFB

Freeze-dried o
for 4 days ~—. Heatingin
¥ DSC pans for

3) denatl\blration
B> Y

Fig.5-10 Procedures for sample preparation. BOB is boiled and
oven-dried bonite. BFB is boiled and freeze-dried bonito. FB is only
freeze-dried bonito and FDB is dry-heated at 5°C/min to 150°C in DSC
pans for heat denaturation.
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5322 KOYEEFBBIUVALSEENE
HE DK EERBS L UOASEEREIL. 8 1 |iR 2 FEIZESWTITo 2,

5-3-2-3 DSC HiE
AELD DSCHIE. INETLRBROEHETITo,

5.3-2-4 FABHIBIT B Z A —EMEHHE

MIEBGORRZEBBOT L ZAE—BMEHLHETIITHE>T, EREO
KOEENPELL 2D L5 ITFHE L, BOB BL W BFB (ZB L CiX, #afu LiCl (F8
SR : 11.3%) % HAV ., FB (FDB) (ZBIL Tit. #8fn# LiBr (FEXHEE : 6.6%) %
Az, BREICELNEASEER. WThb 4%B ThoTe, Ein. KERT
KRG EBROENTF AREBORERIZE XL ZHBIZTONTHREIT S5, BOB
BLUBFBCE L Tid, fafnE MgCl, (FEXHREE : 33%) ZRAVVTKDER 8%IZFR
ELERBHCH LTHLEREIT T, EREOT 7 RAEBBEE (T) BIUREEE
& (4C,) DRE, = ZNE—BMEBROBE. £ L TERLNEERT — & D KWW
AADT 4 T 4 TR, B 4AETRATFEIZESINTT o7k,

ARBULEOFE, BIUMBEHIRIT 2B OREBOBV D5 2 5BEBIZOWTIKR
9B, BFB, FB, FDB, TN FIUIKIT AV T AGEBREBOHELZ{To7-, K
ICELRRE OBV E 2 ZEEBIC OV THRETT 5729 .BOB & BFB OB #1T oz,
22 2T EFARETHS A Y AEON T REHEE L OHE b AECT- T,

5-3-3 EBREER
5-3-3-1 L& OFRMHETMILULEEKRZ DY FON T AEBRELE

Fig.5-11 IZ&BBHZ BT 2 B 72 DSC BIERRERT, IV AEH ERBROFIET
MITL7=BOB (a) iX, WV AFLIFLALHEL DSC BB ER L, T72bb, Istrun
DHBIZBNT, BEEBDON—R T V7 MCERZ IS It Z AV BB
WEETIRAC—I BRI, BREBRAETS L. 2o —7id#Hk L. 90°C
MHECIEEICHER Y 7 AGEBHREN R SN2, 3rd un OERIZREWCHRIREES
TRAEEV7 FERONLZENPOAHEELHALNTH -7, KIZBFB (b) @ DSC #
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BERD L, BOB LI ALRUEENFINE, KRIZ, FB (o) 1281} 25 DSCHIE
RRERD L. Ist run OEBRTIBWV UL, 55CE ROCHTIZENETNRB L — 2 B3
BEshl, COBEOKSEETIISSCTEVIEKBRTEEERE LD EITEXIT
WS, ERERIOE— 2132 Z L —BRICER L, 1200CHHED ©— 27 B8
CEETBEEZOND, ZHIRETEICBIT B ~T /2 0 DSC BIERRLELL
TWe, ZORBRE, MERTOEED Y ARPFIH 7 AFERFETIEELRE LT
W5, LHLBBL, BRIE—7 0L EBELERICBESRRAELT > THREM,
BIBEIBITBY VI ERGOEAE LERRIC, i BEERNCRIT S TR HIEE
#ThHolz, —H. DSCWTEZEM L7288 FDB (c: 2nd run D ##R) TBWTILIE
BIHRERT T A-F BB S, TSI ETToERERE L —&KL
Tz,

&KIZ, BOB, BFB, FDB. = L TH 2 EOERTROEI Y ITEHOHN T AGHBIEE
DR EBEFNEE Figs5- 12 1R T, EEREBELEBE LAY A, $bb FBIZBELT
i, VI AGBBBEOREIARE THo b7 ay hLTWaRL, WTFhoREd
FUSME - LB EMZONTEIYATHLIN, TOBEToEADENIL
T HI7AGEBREDOKGEFEERFNRRER > TV EEFHALN L ko7, PR
BT EQL-IRANDNRRANT 4 v T 4 v T H—T7 Thb, EEINCFE U ERLEEM
ZTW2% BOB & BFB D TLIXFIERA L L 5 2K EBEFREL TR L, HOMREZR
bhvighol, TORRIL, A7 R FREEERL VS EREFEOERW, T
BYFHED IS EEREREEPREERVEEZTRLTND, —FH. b TLHE
R %Mz T, DSC N TEMES 72 FDB @ T, 1%, BOB, BFBIZH 5 & LT
Ehol, ZOREIZ, MEEHBOSEOERNY LY AR TLITKEREERRIT
LTWBEERLTWS, Bz, EBRMIZR® BOB, BFB, FDB O 7 A&HBRO
AC,Hx, FhEi, 0.25, 020, 042J/g TH Y. FDB OEIRBITEVVERZTR LT,
FBIETRALL I, AC,ORE SIZETOWENY T AREIZH 5O ENE B
EZRBLTND, #-T, EREZECEEELIZAROT T ZREIX. HO1NLHE
BUEBERLIZARICHAD & BENICTREERRBILS 2ENTRINT,
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Endothermic Heat Flow

Fig.5-11 Typical DSC thermograms of processed bonito muscles: (a)
boiled and oven-dried bonito with 4.0% moisture; (b) boiled and
freeze-dried bonito with 4.3% moisture; and (¢) freeze-dried bonito
with 5.7% moisture. The second scanning curves of (c) means

Tgmidpoint

2nd run

0.10mW/mg 3rd run

0 20 40 60 80 100 120 140
Temperature (°C)

JO.IOmW/mg ) B

0 20 40 60 80 100 120 140
Temperature (°C)

(© 1

1st run

__________ g
N 2nd run

0 20 40 60 80 100 120 140
Temperature (°C)

freeze-dried and dry-heated bonito.
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Temperature (°C)

® XD ¢

i
BOB
BFB
FDB
Katsuobushi

10
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15 20

Moisture Content (% dry basis)

Fig.5-12 The effect of moisture content on 7, of several dried bonito meat
processed by several processing conditions. The data of Katsuobushi obtained
in chapter 2 experiments are also plotted. (BOB: boiled and oven-dried bonito
BFB: boiled and freeze-dried bonito FDB: freeze-dried and dry-heated bonito)

5-3-3-2 B4 OEGETMLLEEAGAY ARAOT Y Z A E—ETEH L&

Kz, MIEHDERDERBHNIHET 2 = A A E—EfBROBELZITV. ¥ T
ARIET COHN TEBREDIEE L 2555 A — 4 | BRI « OEZ ST 5 Hc X
ST, KRVFEMETS AREDX YT 7 7 VB -3 VERRT,

Fig.5-13 {2, 40°CC 0-120 R¢fij=— ¥ 7403 % 5 L 7= BOB, BFB, FDB ¢ DSC #I
ERERETRT, THETNOBRBHIBWT, F 7 2ABEBEZRTRAERDON—XT A ¥
T MIERD LT, TN E—BRARTREY— 7 BENTE, BA4BEDOI VA
BRI DEREFARIC, ERBOZ VAL E—BNE (4H) Fx—T 0 VMK
FEHEETR L, BRAz—YV7RE (20°C. 60°C) 12BN TH, 40C—Y 7D
BE L RIRIZ, AH Dx— T FEREREES RO, Figs-14 12, ERBO= ¥



SEAAITROHT AR RS N LA O

NE—BMEAH L x— VU VEROBRETRT, WITIOREHIBV T, =—¥
VIBRB IV -V TRERFESALNTH Y. TOBEMIIE 4 BRI
VAERMDOT BN T 7 AHBILRBITELO L~ LT\, HEoT, BBV LA
PRI LTH KWW Xz AWz 2 A E—EMBROBIT AT TH D LHUT L,
Fig.5-15 12, =— Vv I T 2B 0 AR, BPOSBRILI KWW R
NDORARNT 4 9T AT H—=TTHB, WThOBBHIBWTL, 74T 47
OFBEREN 0.9 U ETH-END, ThOEED Y ARROT LV Z U E—EMiE
B KWW RICX Y BFICERTRETCHIEPHLNE R o7, KWW A~DT 1 >
TAVIPOEBENTZT 4 9T AV I NRTA—F c BLUB DES Table 5-112F &
Dz, TITEBIZOVWTOEBRIITOLT, tITOHFE LI, B3 RICBTDHIY
FEHOHBELR UL, VT AGBEBEEL— YV FREE, T-TIIxT 5« OFE%E
Fig.5-16 TR T, ZFRBHIFONIZERZ (fHEE2R L, 77205, EAkSNIARD
H T ARBIZBIT HEEEN, MIABFEOBWVCEEEZZITAENALN LR
Tz, FLEFIEDRRS BOB & BFB Z &1 5 &, BOB @ t [EOHFAEFEWVERA Z
TRIERBELNE R, T, 0OKRSEERKEFEZEEIT. BOB & BFB & ORITIEE A
PEIIREONARN-TEMN, MEOT VALY —EMEE BT TAEIZLY, F0E
WEBR S NI T HENH¥EZ, BOB & BFB I L Tt ASEESEL5REHIx
LTOBNEML T, KM 8%DEEHIBWTH, BOBDHMRBFB LY bE 1 fE
ERLTEY, 4%RBOEREEDL L) o7z, £, BRIV T, ASEEN
4%RREWMT 2L, ENFLIETTIENHALN L 2o, Koy L ¢ OFEBEMEIC
DNTRE, TTRF VB THREEINTNE Y, —F . AREOKSEEA%)
PHETORBOBE, BbIE c E%R L7203 FDB TH Y, BOB LU BFB 3%
NEVBETFTEWVEEZR L, E4ETLRAEL5Z, « OEBREN., TRbLIE
RIS R VG T EEEN RV BENICRERT T A THLEELZERL TS,
PO TREBRERIO. ZROHV T ARET COLEENEND2 FDB THLIENHL
Meole, TOBMIINECORRTEONL [RAC,REDNRATA—FIZLo
TRENELDOE—E LTV,
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11%h
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Endothermic Heat Flow

;[ 0.02mw/mg 75h 7
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Fig.5-13 Typical DSC thermograms of processed bonito muscles
aged at 40°C for several aging times: (a) boiled and oven-dried
bonito with 8% moisture, (b) boiled and freeze-dried bonito with
8% moisture, (c) freeze-dried and dry-heated bonito with 4%
moisture.
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Fig.5-14 The dependence of the enthalpy
relaxation on aging time of processed bonito
muscles aged at different temperatures
below their Tg: (a) boiled and oven-dried
bonite; (b) boiled and freeze-dried bonite;
and (c) freeze-dried and dry-heated bonite.
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Fig.5-15 Plot of the relaxation function (®)
of processed bonito muscles as a function of
aging time: (a) boiled and oven-dried beonito;
(b) boiled and freeze-dried bonite; and (c)
freeze-dried and dry-heated bonito.
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Table 5-1 The glass transition parameters, 7, and AC, and the
fitting parameters 3 and 1 of the KWW equation for AH change in
several bonito meat processed by several processing conditions.

Sample T, (°C) B () T (h) T,(°C) 4C,(J/g)

25 028  4.35x10*

?8("2 40 0.39 1.46x103 75.5 0.23
60 0.38 0.28x10?
60 0.27 2.94x10°

:Z(;g 70 0.34 5.19x10% 108.1 0.28
80 0.40 4.42x103
20 0.39 4.01x104

(];5?) 40 0.36 1.45x103 76.2 0.24
60 0.38 0.24x102
50 0.26 1.17x10°

BFB

%) 60 0.23 3.05x104 94.9 0.29
70 0.34 1.91x103
20 0.37 1.81x104

FDB 30 0.30 3.40x103 612 035

(4%) 40 031  4.02x102
50 0.36 0.23%102

T,: aging temperature, T,: glass transition temperature, BOB:
boiled and oven-dried bonito, BFB: boiled and freeze-dried
bonito, FDB: freeze-dried and dry-heated bonito
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Fig.5-16 Semi logarithmic plot of mean relaxation time t of
several processed bonito as a function of scaled temperature
T-Ta T, is the glass transition temperature and T, is the aging
temperature. The data of Katsuobushi with 6% moisture was also
plotted.
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Fig.5-17 The Arrhenius plot of the molecular relaxation time of
processed bonito muscles and Kafsuobushi obtained by enthalpy
relaxation measurement
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Fig.5-17 i3BFEE UV Il TA3z— P JBEDEESZTRT T L= XA 7ay b
Thd, 207y bOEENORDIIEMMT RN F—DEL Table5-2 IZE & DD,
W OB S 150~200k)/mol RE DfEE R Lz, K4 4% OEEO BOB, BFB. FDB
DEZLE$ 5 L, BOB>BFB>FDB & WO HA%ZTR L, Kirh 8% DS, BOB
>BFB & W ) EMITEDL O RA o072, £72.BOB & BFB EHF OREHIB VT, K5 8%
DB LV KRS 4%ORBOFREFEVVEL T TERA RO, —F, F4E
TEH SN Y FEH OB R A X —OMEIL 129k)/mol TH Y, ZIUIMORE
LD LHEONEVETH o7, D EDEmIT, EREIOBFER c IZRBWTRLN
TefEE & B —H LTV,

Table 5-2 The apparent activation energy (E,) of several processed bonito

Sample BOB(8%) BOB(4%) BFB(8%) BFB(4%) FDB(4%)
E.(kJmol) 173 204 142 189 175

5-3-4 EH£
ETEBEFEDRERD BOB & BFB # BT 5 &, T, {EIZIZIE BOB=BFB &\ 5
&R LD LT, B ¢ 12 BOB>BFB W HERAZRIERHLNE 2o
o ZORRIE. RERL LI RV I ABEBEELZAET IR TCH-oTH, —T
HRLUERBOFY, HREEERE LV BT ARET COREENBOEELERL
T3, TERRILTH-TE, T T TORENZEEN R HFITRKREN, D
TY, FITRAREBRBOF YT 7 F VB - a L id, T, LB TERERE O L
ETOET, L0 EREBOENHRSER LM E o7, £/, BOB, BFB
EHiz, KWL 25 L BRREIEL R2ERERLE, ZOENM, 7 AR
BTOOFEHENRASERICI - THER, REKEEFINDIENHALNE 20T,
t B BOB>BFB & WO EZR LD, A—7 VR CEEMARZN LRAB 2 E RS
BTG e., KO ESTREOIHENEZD, R LTH I ESTFRO
FEEENEE Y, BECRERBENERINEILZEBRTIOTCHAS, 2. &
FEOBWIZ L DEEIIIZICEE TRk,

—F\ Typw ACy. tREDH T AEBNRT A—FZ, WTROMBEHEOEWICL
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ST HLPERZEETLE 00 LOERAE L/ BOB & BFBIZHARB L
DSC PICHIBA L7z FDB 0 T, 12 b ANMEL .« B bACEN o, ZH 5 OBE
i, AEBRTHELALRBR T, FDB ON 7 ARERE L ARLETENLLTVWES
~LTW5, BOB-BFB & FDB OE/2BWE, FREVDMBLEBLZITZEOKSE
BEDEWVWIH D, BOB & BFB OMEEEDO KRS ERITH 80%THY, RAF "I E
IIEADRECREE L TWD, —F, FDB OMBEFEFOKSESEL I5%UTTHY .
REY VAT BEIZZEALEBRAROFEL RVEERETEEE L TVD, Z0L5
REMRIRIT AEBKAEEOEVD ARZ VSV EOEERRICEE L RITL,
RERELTERABON T ARBIZEPECIAEELD D,

BRI BOBEEICETOIFRITES S BESILTNDID, EOEEA EHKE
BRIZBITDLDOTH 0 AEAKDIRET COMBEMICE T BHEFIIIER D220,
IHNETIZ, PREZF VNI EERE L LEFEAPEEREINTWHWEIDRTHD
i), SRR % HEKFET CTHET L L, BRECfEo THEL OFE. RITHUKEHEE
ERABPER SN, BE - FUEL T, FEETEERRLMOATHER P 20—
FC, ERERECMAEEIEIIEDOEE. EEEThHo THLEREERDRVE
WHESNTWD P, ZORRIX, ZECEBKEET CEEELZHE L. SRR
BETEEMELIGE TR, BEROF VAV BOMBERERIEEZRL TS, B
BICHBED LT, FURNTEOBEEERET L TRV EW I TR, TRbbiEftk
BTIEDIEATHY., SFESVOERTHIEKNEEEAD, EADRETR
BRSNS WD THLFEER DS, —F T, WO - S ECBEE LTy
BREED—DTHD S-S RHEIL, HERETESE LGS TUERINSIENHER
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Fig.5-18 The schematic presentation of denaturation process of
protein, with or without free water. In the absence of free water,
protein cannot coagulate.
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Fig.5-19 DSC thermograms of denatured hemoglobin aged at 110°C in a

drying oven for several times. The glass transition temperature of
hemoglobin decreased with degradation proceeded.
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Fig.5-20 The change in midpoint 7, values and AC, of denatured
hemoglobin stored at 110°C as a function of storage time. Each glass
transition parameter showed storage time dependence.
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Table 5-3 The glass transition temperatures and 4C, values of
denatured hemoglobin aged at 110°C for several times. The moisture
content of the sample was abeut 15%.

The glass transition temperatures (°C)

Time (daY) T onset T wmidpoint T endpoint AT g ACP (J/g)
g g g (T, 520 ot
0 39.9 66.6 933 53.4 0.30
1 335 61.7 913 57.8 0.31
3 32.8 593 89.5 56.7 0.34
6 26.8 56.7 88.1 61.3 0.35
8 24.2 54.6 86.9 62.7 0.36
13 227 525 86.2 63.5 0.36
16 20.2 51.6 85.8 65.6 0.38
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Fig.5-21 Typical DSC thermograms of non-treated and
heat-treated hemoglobin powder with the same moisture
content, 15% aged at 25°C for several aging time: (a)
non-treated hemoglobin; and (b) heat-treated hemoglobin.
Heat-treated sample was heated in a drying oven at 110°C for
10 days for degradation.
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Fig.5-22 The dependence of enthalpy relaxation on aging time of
non-treated and heat-treated hemoglobin powders heated in

drying oven at 110°C for 10days with the same moisture content
(15% dry basis).
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Fig.5-23 Plot of relaxation function (@) of non-treated and
heat-treated hemoglobin powders as a function of aging time.
Dotted lines are best-fitting curves to the KWW equation.

Table 5-4 The glass transition parameters, T, and AC, and the KWW fitting parameters, T
and B of non-treated and heat-treated hemoglobin powder with 15% moisture aged at 25°C.

Sample T, (°C) AC, (J/g) t(h) B¢)
Non-treated 66.3 0.19 8.85E+03 0.32
Heat-treated 50.4 0.35 0.11E+03 041
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