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Studies on the Optimum Thawing Conditions for Frozen Fish*

Hidemasa Mikr**

Abstract

The thawing techniques of frozen fish have a great effect upon the quality of the thawed
fish. Therefore, in order to obtain the optimum condition to thaw the frozen fish, the relation
of chemical changes in frozen fish to the temperature and time were examined, 7. e., the
changes of temperature and quality by time in frozen skipjack (Katsuwonus pelamis) during
the thawing by heating from the outside were numerically calculated and compared with
experimental results.

The first, the temperature changes by time during thawing was examined. Highly accurate
values of the thermal properties (density, specific heat and heat conductivity) of unfrozen
food were obtained by improved method. However, These measurements of thermal
property during freezing and thawing were difficult because of accompanying phase change
of water in food. Therefore, in order to obtain the thermal properties with phase change,
approximations on the three major components (moisture content, lipid and protein) and the
temperature were applied to calculate the heat conduction during freezing and thawing of
fishery food.

By the finite element method (FEM) introduced to solve the multi-dimensional unsteady
heat conduction equation, the thawing curves of a skipjack body (two dimensional) and a
Kamaboko (three dimensional) were simulated. The two and three dimensinal solutions were
found to agree with the measured values. Therefore, it is concluded that the pratical
approximation adopted in the numerical calculation (FEM) can explain well the actual time
change of frozen food during the freezing and thawing process.

The second, the time change of quality during thawing were examined to be predicted
based on kinetic parameters of chemical change in frozen fish, and the optimum thawing
conditions for keeping the desired freshness and color of skipjack muscles after thawing were
discussed. Organoleptic tests showed that the chemical properties such as the K-value
(nucleotide decomposition ratio) and metMb% (metmyoglobin formation percent) were good
indicators of freshness and discoloration for frozen skipjack respectively. The change with
time in the K value of muscles of mackerel (Scomber japonicus), sea bream (Evynnis
japonica) and skipjack, and the metMb% of muscles of skipjack was examined at various
storage temperatures (—40~+20°C). These changes in quality were found to be expressible
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by the equation of first-order reaction, and the rate constant of freshness-lowering (%,) and
rate constant of discoloration (k) were obtained. Since the temperature dependence of the
ks and k. of frozen skipjack were ré]ated by ARRHENIUS’s formula, the kinetic parameters (E,:
activation energy, A: frequency factor) were obtained. Thus the rate of the change in K
value and metMb9% after fluctuating temperature of frozen skipjack muscles could be
calculated from the temperature history. In this way, the hitherto recommended thawing
conditions such as a medium temperatures (about 15~20°C) and a final thawing temperature
(about —3~—5°C at center of thawed fish) were theoretically supported to be optimum for
the frozen fish to be thawed by heating from the outside.

The present study made it possible to determine the optimum condition for thawing any
frozen fish evenly without deterioration its quality.
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OMBIETMEETIX, ERBIEDT %, BHE1~2 m/s M LTwidzn.

U Eftiz, FROBEST D BOBKECEBMBSEL T3 L shs P Lo, 58
M#LwoTH, MPEPE D RRERES S ECTFEbNAERCHD, ARBEDfAPE
RISBFIBMI NG <, MBAEEORRHSS L wbNE® 27, ARLEOEE It
PERE, BBROA» 55T, EHEH S $7EELE shTw3Y 220, BET ) SHOEE
BEELT, avF 7 b 7Y —F— LEERICL R Th 2 AR E 13 1978EE 5
SERFEI TS Y .

k7, MRS S NI MRGHSEE & U CHEZHEEER 1967) " Y 1 & vERZ S mut
B(1968) " 0sh 5, HZREGAIEEIZ, AFRTORELLEBRER LAV (B TH), &
ETOBRRK THRELT) LoRRI, Lrb—cBETE 2, SENTH SN
BLTw3, MHOERESHEEERIZ, BET (0~3 kg/cm?) THEE (1~2 m/s) B
LB R TREEITS 10, BERNOBESERIGES & REMGEERNAZ 2D,
BEBESTE2EHMBH5, Lol, ZORHEMBRLIBELCHWE NS, 2O, K
#25 (1979)% 1% TBUKTROITIRIZ X 2HE7 0 v 7 ORHE] &\ 3 (HHERRIE 5 FIE L =%
KEFFEEEREL T, FTREABEER LHRLTWS, ZOHEICL 7 b O ERER
M, BB, BEDOS CHEREERCRRTH 7 L HEL TV,

EZAT, BEBEREBRA L T35 15, 0°CIOEVEBERERDZS 2 1 m/s D15
F#E (IEF) T, ®-< DRET 3 ERMEAMREEE (1969) > nRESh T2,

B bz, REREOME CRENSAEV SN HEAICH B £ vbh,? KB - ZEM
mEOH 035 3,

Bk, REVOHRICEL TZOHRREMBERICZOWT, BEOHRICETL TR,
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28 KERROBRPEBORER L HEROBRE

21 W E

REORERSEEICI, B, BB L CRERED X 5 TR T RERRESBEE T 245
a0%n, TheDEBORHE, BERES I VERMELRII2R[OBRBORE, %56
BOERICE C 2, (L2006 X CELENELOTHSE, ChoRRBOTIHFN, 71
RS0 S BNRRICIE, ETRETOARDRBELETFHT Z2LEND S, HF
Tit, BEFHEBOBAC LY, BEFEESESA, BRO X ) KRER TREIERYED
i - AR B 2 AVENNEOMEC bEDRFRLERYDODOH Y, AROEE,
s L UBEEE, T2 bbBO=MET L wbhs Zh s OBWEEOEEIEAL, B
B OBIICRT LS LEBbhD, LirL, BREROBIIEI DV T, EKES < OFE™™
REINTELDS, BEOHEXRV TREELAEES & CitERzd %<, ERREY
PESHS 2 LRES TRV

22T, AROBMEERERICAIET 3 FEEMENE LT, #ROFEEOHTL
BEHOREE 7 PraLzNER” D HBIEE, B X U Benner | OBMEHEREEE 2 h ThHRE
LI BIEEB R fE L CERCE L, The0EBORERERR, BMHERMTHET
7 ) VESRE R R & U TRETL 72,

BB, BEAZCOWTREEROATERE" Pk o7,

Rz, AVAGAZRE L LT LEOMEEYERAL T, REGEREOXBWEMELHE
L7z, 2o DfIEE L REORS R, SHE L LHEE: & 2Ty, FRYEMED
HEROZ UM RRETL 72,

2.2 EBRFE

2.2.1 & H
EWRE L LT, 72V ISR BV, 727 ) MBSO BME" " % Table 2-1 &R
T,

Table 2-1. Thermal properties of the standard
material (acrylic fesin : PMMA).7»

Density 1170—1200 by ASTM* (D 792)
[kg/m?]

Specific heat 1.464

[kJ-kg~'-K™!]

Thermal Conductivity 0.167—0.251 by ASTM* (C 177)
[Wem K]

*  American Society for Testing and Matarials
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RRELT, BREFRTHLOVMBA LY YL (Skipjack; Katsuwonus pelamis
(LiNNAEUS)) D BRfERR & 7z,

BIEDEATMALIE, MEV X VBEEL $ TORMGERE L, FRESERZERL TR L L
7z,
2.2.2 BYMHEEORIEE

(1) EEOHE : BHEL L BEOEERIEII >t Y ERXE (Hansen & Co. Lo,
H200%Y) KiEEZEOKPBEHREKIC & 572,

(2) HBADFIE : LERIE 13 PraLover | DR S BB B2 A U 7 JIE 5 E % Fig. 2-1
KRY, REO LEIZERET, THARREHLELTF27—> (500ml) 2HW,

pull —

®

9] &

1: Sample 5: Ice conjunction

2 : Thermal medium 6 : Recorder

3 : Copper bucket 7 : Insulation

4 : Thermocouples 8: Calorimeter (Dewar vessel)

Fig. 2-1. Schematic diagram of calorimeter for specific
heat determination (Method of mixtures).

BEHOPIHIR TIEBIL 72804 v 7 (47 mme¢ X100 mmH, 54 €) 2 2 TR LT, #BEH o
CHEICL2HDRAZMIET 2 &> L., EBEEANOBERREZ, S0z (4) B
BAREIZBWHULBRBE (5%F L7 Lra—L) 2 ARTITEY, RE2ERIC L.
BEEHIEIIMRE0.3mmeD C-C BN £V, 12> EBIEEHEF (H37 0568) ik L
T, ANEEN 1 mV/cm ORERETHZEL 7=,
HEHIHI5 8L L, K& 2 1320~303 M CRFHIET 5L 5121 emX 2 cmX2.5¢cm &
Lic, B8z7viEcas, BEL TERYE (Fig 2-1) o604 ME Y FUREDR



166 BRBK¥EKELBLE $£33%E 25 (1984)

BEWCEL7:%, THOBBRHABRALTHIEL . REHEABRORBRTOBER, Ly 7
DEDETHEL, ZDBEZE{% Fig. 2-2 IKHERMITRL 12,

Tmx

[&]

(-]

o

2

o

|

% Tno

P

Time (min)

Q; : Initial period. AT:x . Measured rise in temp. of Q.
Q. : Main period. ATmx: Measured rise in temp. of Q,.
Qs : Final period. ATy . Measured rise in temp. of Qs.

Tmo - First temp. of Q. at ¢mo min.
Tnx : Last temp. of Q; at ¢nx min.

Fig. 2-2. Rise in temperature of calorimeter water.

SREHE A & BEENICE T 3 (Q,) wBWT, AR DD SNMADRAZEE
BT 20LEHHE, 22T, PralzNer i3, FOBABRC L 2EERE RN (2-1) RbL,

A (2:2) XDHEERDTVS,
— _ _ 7 ATf_ATi 5 Twmot Tmx _ ,+
Ty = Tmx— Tmo Ame'f'DAT;‘l‘ﬁ(pz::l T +——2 ﬁT,)
(2+1)

— Ame"' Tr . %a_l Wcap :
C Tsa— me Ww Ww ( 2-2 )

ZZT,
Tox=FEHHE (Q.) DKEE (°C)
Tmo=$§ﬂ|ﬁ (Qz) @@ﬁg [°C]
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ATny=Tnx— Tmo (°C)
T,=AT, Mz 5h 2EERE (°C)
P=xEH{H (Q,) DRI EIK
AT=#HAM (Qs) D 2 WIADFEEZE (°C)
AT, =¥ Q) D 2R ERDOFyEREZ (°C)
T,=xZ#HH Q) OFHRE (°C)
T =#HH (Q,) DFHRE (°C)

p—
3 T=Tuok Tud0 Tit0® Ty 3 CORKIAE (C))

C=BDtt# (kcal/kg°C)
T =BEFHRAERORAFRE (°C)
Wo=8H0EE (kg)
Wea=BEFTOBER (kcal/’C)
Weap=BRlTEM OBER (kcal/°C)
L L, PraLzner DAETIE, BERAERE, BEORBEXBSTHAICEN S 120,

TEWE (Q,) TOBREDKRA (:21 T) P ERCHAIS - L SEETH 5,

22T, FERTIE, BHORARRICE T ZERM (Q~Q,) ODREHEY: ¢, ¢, ¢
£33, BISKIER(2.3)TRbLE S, ZORR, BEHOARBRABICLI>T, AT
Mz oNBBERE T, 13X (2-4) ko shl,

=G q (2+3)

(Weal+ Ww C+ Weap) ATy, — Weal ATy,

Weal+ Ww C + Weap (2-4)

T.=

LiedioT, R (2+4) 2K (2+2) TRALTEETS L,
G(WyCP+5(W,,C)+2=0 (2+5)
D, R(2:5) CBVWTEDERSINIE, ZOLILRETHBCERDZ I ENT
3%, bL, FEOERBLITNEZORERZRILRZVI LTk 3,

I,
3=Tso— Tnx (2+6)
5: m:u(Tsa_me_Ame_Afo) +2 I/Vcap(T‘sa_ me) ( 2. 7)

’=— I/chu (A me +A fo— A Y‘zx) - I/Vcal (A me I/Vcap +A fo I/Vcaﬂ
—Tno vvcap+ Tonx u,cap) - w/cfw (Tsa_ me) (2-8 )

Llh3oT, R (2+5) DIEDORRELY, B CRROLBYKDON S,

_—b+Vk—4ac

¢ 28 Wy

(2+9)
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+ foy
L To recorder
P ¢ S
)
&= - -

1: Stirrer. 5: Thermal medium.
2 : Sample holder. 6 : Dewar vessel.
3: Sample. 7 : Thermocouples.
4 : Copper plate. 8 : Insulation.

Fig. 2-3. Schematic apparatus for determination of heat conductivity.

(3) BEEROHE : BEUEOHFICIX, Benver HEIGAL, REENSTET,
BIEED DR VEBRREL TRV,

EBEBOME* Fig. 2-3 R T. BB, S0 3.6/ FREMRY +—) L1704
mm E) THMEIZE Sz 3> ek V¥ — (55 mm X 55 mm X 50 mmH) 2 S#EK I 3,
HEHE, V4 X2 20mmeX10mm KRB L TH Y 7« kT —RIZED 2, 20 LI,
HARFEETE 2BOMAAK (20mme X0.4mm E) 34T, WEMTEL L TREEE
FL 7z, RETSOFRC i, BEATHOREN (C-C, 0.3mmé) FEELL.
BT, FHHYFL - dAS—RORME, H3RECEEHCLLE, HEROKEAN
FAERICR L, ER S SER L L CRNOAED &> —ERETIRETE Y, Ko
SRR CERESAEL . »

BERIE I, HBEGEREST (B3 056%) 2V, 2mV/em ORETREL .
BenneT© 13, BMEEEERD 520, ERHCRBEROR7S 7 2AVT, 7570
R#E & ARAOREY Y OFEARE L ORFHERTR (2100 oA (2-11) 2HHL
Tw3, R(2-11)DF 253, REOBER L ERROBEE % BRI CIERINC 70 v
PLEEBROGERE 25,
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kA,
l

— WPCPI X In [(Th—Tcl)/(Th_Tcz)]
A;, (tl_tl)

(1,-T)=w,G3L (2+10)

k

(2-11)

ZZT,

A, =BHomEmE (m?),

C, =77 7 DH# (kcal/kg'C),
dt =R DM/ INE1L,

AT, =877 7B EOM/INEL
k=B D BEHEE (kcal/m+h+"C),
I=BHOEE (m),

T,=BEDEE (°C),
T.=\77 7OHRE (BRF1~2 ERRE2RT)
t=F§fHE (h)

W,=875 7D&E% (kg),

Lpl, ZEETRFSS 7OBRBFELZAVEZ WD, BeE0BRE LA 2 ERAIDR
BZEt (A7) D12:EEL T, BOBREELZEMS £, R (2:10) FRX (2°12) D&
SHHoHNB,

M (1T ar= 2 C

ZZT, H#x C (kcal/kg’C) TEDLL, p (kg/m®) BEE, T, (°C) FF1~2k

BB 2R T) IMEBRIORFBREE2TRT (Fig. 2-4).

@ ® ®

v ¥ v

%

dT, (2-12)

Th

(constant) Téa
Heat flux
_— J"dT!’

—_—
temp. rise

Tai

Ll N\

Fig. 2-4. Heat flow model for detemination of heat conductivity.
1: Sample. 2: Heat source. 3: Insulation.
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ZLT, R (2-12) WAL, BB 2L, BEHE L IR (2-13) TRbEZ L
23,

PpC o Wm(T—T) /(5= Tp)]

2 (tl_h)

R (2:13) b, R (2:11) LAk, ALOE2HIE, REOBEH L ERRIOBREZE
PREBNCHET I ERRE>TRkDON B,
2.2.3 BAHE

(1) A%: 1~2 g DMRAEBFEE Y (25ml) iRY, 105~110°COERE"1c X b K
DEEREL .

2) BEE:EEMEE, Yo7 ALv—0I—F VHH"® S—BETH 308, BER
Buincs & Dyer #iC & 572, SEHAIZ10g & L7z,

(B) EFS : AR» KRB L VIEEE2RVERD 2ERS L LT, A5, EEOHEE
NOHETRD T,

k= (2+13)

2.3 RBERCER

2.3.1 BRYMEEORIERE

727V ERYE L LT, BE, HAB I UAMCEELIROMAEB LBV TH
EL, ZhoDFER% Table. 2-2 KRLI, ZOFKRE, WIFhoflEES, XEESED OfE
BB Nz, KK, BB I UREREROHEEIIEEHFRE (C.V.) 82 %HHNT, BE
BRAIEENTEY, RELHAEBEORYENTED Shi:,

Table 2-2. Accuracy of the modified methods used in the determination
of the thermal properties of acrylic resin.

Parameters*! Density Specific heat Thermal Conductivity
[kg/m?] [kJ-kg™-K™!] [W-m~-K-]
X 1197 1.435 0.245
o 1 0.151 0.010
/X 0.001 0.035 0.043
o*2 1200 1464 0.231*3
o/ X 1.002 1.020 0.943
nn . 2 5 7
*1 ¥ : Average *2 Table 2-1
¢ : Standard deviation *3  k[kcal/h-m-°C] = 0.197
o/X : Coefficient of variation (C. V.) +0.00007T (atT = 25°C)™"
¢ : True value

o/X: Apparatus coefficient
nn : Number of determination

L Z%7T, MooTe " 13/INE D ik BLBR b & K> T, PraLzNer D HEI & 5 & Hlk
LTw3, i L7 & 512, PraLzner DHEAEIE T, BEEHNE» S DBRABREFHIET 3
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BIERE T, OROFCHERD 2 LBbh3, ¥, BMEEROHAIEIZB W T, BENNET ¥
CRIE L SRS 7 L ANE L OEMTRS X USKE S ORE" 1, AEBRTREL
REETIE, XBEIbDOLEZ S,
2.3.2 FRAORAHE

AV A DOEMEBHAD 3WAICOWT, AFBLUVEEORSBEAFTL &R
Table 2-3 iI2RL7:. BEMOFRTIE, 2V AOEKAEL2ETHOETHLOHEETIES
LT, BEA»SA (£E), B (hE) BIUC (W@ :Llr.

Table 2-3. Water and lipid content in each portions of the
dorsal muscle of skipjack.

Portion*! Water [%] Lipid [%]
A 70.23+0.35*2 4.07£0.30*2
B 72.47%0.40 3.01%£0.18
C 72.34+0.92 2.52%+0.24

*1 A OQutermost 1/3 layer
B Middle 1/3 layer
C Innermost 1/3 layer
*2  Average of 7 replicates

Z DRER, FEALICB T 2 BHERE L, KD TI0.35~0.92% AN T, BEEIX0.18~0.30%
LIRT, CEAOKSHE ZER TAS, BEXCEERCHE S, £, 2V T DfRE
WEOR S5, BEE T ASB>COIRTREACSWERKCH D, ADFRIZIEHE LHD
IRic% < o7,

Table 2-4. Comparison between the experimental and calculated thermal
properties of skipjack muscle at 10 °C.

Thermal Portion Experimental Calculated value
properties value*! M. M*2 S.M*3
Density A 1088 1072 1058
[kg/m3] B 1086 1071 1056
C 1090 1074 1059
Specific heat A 3.389 3.402 3.347
[kJ-kg1-K1] B 3.389 3.456 3.401
C 3.389 3.448 3.393
Thermal A 0.826 0.869 0.446
conductivity B 0.853 0.767 0.442
[Wem~1-K-1] C 0.837 0.791 0.429

*1  Average of 3 replicates,
*2  Mixture model (K. TANAKA, 1954), shown in Table 2-5,
*3  Series model (T. YANO, et al. 1981), shown in Table 2-5.

2.3.3 ARADEHMEORE L #H
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71V A DEREBRICOWT, 1°CIZB1T 2 HE, 6 & CBEEROHIEME & e
% Table 2-4 IZR L7z, BWMEMEOHHERIZ Table 2-5 R TR (2 +14)~(2 +21) 2F|H
LT, Table 2-3IZ/RL7 3ADBNEESHSHEL T,

Table 2-5. Evaluation furmula of thermal properties for heterogeneous
three component systems.

Thermal Mixture model Series model
properties (K. TANAKA, 1954)%"% (T. YANO et al., 1981)51:80
Density =pwX+0 Y+ paZ = pu X+ 0, Y+ psZ?
(2-14), (2-17),
Specific heat C=CuwX+C/Y+CiZ The same to Eq. (2-15)
(2-15),
Thermal b= ki (kytks Z) p= 1
Conductivity (ko X+k; Z)Y +R(1-7) X/ b+ Y/ b+ Z%/ kg
(2-16). (2-18).
Notes X+Y+Z=1.0 Xv+Yv+2v=1.0
(2-19). (2-20),
Xe, Yy, Zv=
X/p,,,, Y/pu Z/Ps
X/putY/o+Z/ps

(2-21).

2B, BYMEOHECFERH I3 ZRIOYHEESH % Table 2-6 8L U 2-7 R L 7.

Table 2-6. Approximate velues of physical constants for evaluation of the thermal properties
of food system near at 0 °C, 760 mmHg (K. TANAKA, 1954).81-82)

Weight Density Specific heat Thermal Latent
Constituent fraction*! [kg/m3] [kJ-kg™'+K-'] Conductivity heat
(w/w] [Wem~t-K-!] [kJ/ke]
Liquid = 1000 =4.184 = (.581
Water X pw (1) Cu (C) kw (k1) fw=1334.7
Ice = 920 = 2.092 =2.324
(02) (Cz) (k2)
=0.116
W Lipid Y o1= 920 C;=2.092 ki (Oil)
= 0.174*2
(Fat)
=130
Solid Z oq (Plant) Ca =4.464 ka=2.324
= 1300*2
(Animal)

¥ X+Y+Z=1.0,
*2: Used in the present paper.
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Table 2-7. Physical constants for evaluation of the thermal properties of three
component food systems (T. YANO et al., 1981)81-80)

Weight & Volume  Density Specific heat Thermal Latent heat
Constituent Fraction [ g/m3] [kJ-kg-1:K-1]  conductivity [kJ/ke]
[w/w] [v/v] [(Wem~-K-]
Liquid = 1000 =4.184 = 0.557
Water X X ow (o) Cw (Cv kw (k1) 334.7
Ice =918 = 2.092 =2.324
(Pz) (Cl) (k2)
>0°C = 900 = 1.548 =0.139
Lipid Y Yyv ] (Oil) Ci (OiD) ki (Oil)
—10°C = 930 = 2.092 =0.174
(Fat) (Fat) (Fat)
Smdi&g: z oz Pa=1300 Cua=1.255 kﬁ;£ﬁ$

* “Intrinsic” thermal conducoivity of wet soy protein obteined from a formula of series model.

ZORER, BECOVTIR, R (2:14) BIUR (2-17) T 2HEBEIZRRACMEY
RUT08, R (214) OHBEDFHBPRLPEAEIEWERR L2,

iz, HBUZDOWTIR, R (2+15) CEAMELIZE A Y —BT 2 HE@EIRD S hie,

B, BEERIC OV T, ARV sEE L Tw A EFIEF LV L LFIEF L EEbE T L
EZzon3BEEETNV (LU, BEETNVERTS) X35 (2-16) DHEMEERNE L
L 72,

L»L, BMCEEOHEMERZ IDEE, LTFLIELWEEREbAR W, 2¥Es5, K
EEIC L 25V AHAOBGHEERE L, HEVTHIC SR L BRI OBEESR200CL
REWi», FIBYHICE W TR & 2 BN OKSBEED, T 713 B & B8 & DRl
FRIZE > THRORAVEELOTREVHEELONIHSTH2, ThoDEEIIDL
Ti, BRO £ B0 BenneTHIZDWT b AR 2 L s h T

B, RE 6 3KRES 87 BOBEERIC OV TEHMICHAN, k—5 v/ 7 B—IEHE
D IFEAVBNRICER SN T 2EHRHOBHBMEERRETIETVOR (2 +18) 53K
DIHER, ThosDHEMIXZ, Z0FNERVWTXREL B B L BTV 3,
Table 2-4 KRLIz &L D12, BEETNVOR (2+16) LEFIETVDOR (2+18) Lk 3#
CEEQHEENRE L D3, EFRNIHERRNDBLEBbNSE, KR—ETHERE
B TFORBESOVEEROFT, L KERDI (FY /327 8) DBRZERDELD Table
26 £ 2-TICRT X312, AR RB Y CRL TV EERT ST SR E LK E
CEZ-TVwRRDEBbh3, 7z, Bt RBWAROERAOREER ST R
LoTERZLLT, MBEELLEZ TR,

L7ctso T, AROEBCERE2HER T 2HE, X (216) X (2+18) DwFhoAss
ELVWH»iE, EES (F2y 37 8) OBEHEE (k) OECEEShZOTHHTER
W, DED &S, o 280BYEEICDOWTIR EFTEDOELBE DS, HEEE & ST
EEHELTEZ S L, RESOHERNOFERESE» - 12,
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B 512, RMOWE « FBEGERO & 512, HELRHEI BEOBMEEO/E L, BED
HIEZ2BOTR—RICEEL sh, FERTHLEETH -7,

Z 2T, tHECMED X 5 CBEEL L HICEL Ty BHEI, EBOBE - B
R MEESBROBER L BT 2L, Y2ILv—vary L TROONBLEZ S,
NS ORI DOV TIZ, EIFETHRNS,

24 B 00

FETIZ, REBREBCBT2ARDEE, H#B L UCRGHROAIEES & CHEREIC
DWTEEF L7, AT, IhsDBERICOVWTENT 3,

1) BEHEIZ, KPEREIC L 58, BERMOERERE (727 V) VR 2HEL ok
B, HIEE: EREREHREE (C. V) 851.002:BWEETHZE S h,
2) LEBBEIZX, PraLzner DEABBERE2ICHA LY, AEBFONTBEABDORHIELEHEE
e, FHERE2HD TRHWER, FESE (727 Y VEE) ORIEME L SCRE L 3B E
B< (C.V.=1.02) —BL 7,
3) MMRHEFEHAIEIZ, Benner OHIEEZICHA L0, BEEO-OBREBIE R7> ) 28
WRWHRIZED T, BB (727 V) 2RELLER, JEHE: CREEER
¢ (C.V.=1.024) —B(L 7=,
4) AV AAROKS B L UVEEORD 2, HAEERAOERBALIZOWTHE L IBER, K5
1%0.35~0.92%, BRETI20.18~0.30%DIEHMRET, KFD 1 WERWTHER S AIE S
hiz,
5) AV AADEEIEDHE, FEXLIAEFBRIE, RN (2-17) LR (2-14) OHE
fEDAD L DEML .
6) AV AADLBATDHRE, FEC L IHEFRZ, R (2-15) OHEEE B —HKL
7z,
7 HYAROBEERAEDBE, FECL2UETHERIBEAETNVICEBZR (2416) ©
HEEE B GEMLUS, BFETFVCEBR (2-18) DOEREDHL/20ETH 57,
8) LE7) oBERITBVT, R (2-18) DHHMOBEMELFR V12O, FEDMEHRAE
CBWT, AIZBRENECEbDEEI SR, FOFRRAELT, AV FTRDOBEICIE, #l
EFIHIC 817 3 Bk L REOBREZE (920°C) 0D IcHBN BB E 72, 2k
BRI L OB R & 2 BRI CSRIEFIRE b D LRSI,

BIE KERADHEZEL LM BYEEORE

3 % E

BHE B & UHEBIRIEC 813 2 BMERIIEIRAERRICEVT, REREETS ETHRE
BETHS. Lol, Gk BEAROHELIIEROBENER - O EEER 2 01, BB
OB T % 2 JURES & GBI DR PP
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7 2T, ARTIRAIEL R M > JEEE AME SR O ek i RE R (FEM)' 12 & 5 #l
BEOBA£RAI. 0 FEM &, ASOMAEH Y BERO—I L UTHKL 5° 1, #
EHR G EEREKE L CEA TS 5720, BWREIELT 2 880ERKS X VBROIFEE
EREEEEL LB LBEASLD,

Llehto T, FETRAKERMOFES BIARICB I 2BEELE 1RTTFEMIZ&>T
v aIv—varETho, BELFOBEEOBRWICOWTHRE L, & 5T, Bk
BEBRECBI3BROBAFOERCLELMFEB LISV IV —DERA 2 H &,
gL 7,

3.2 1 RRFEREREHAFIEXDOHMERE

3.2.1 HBR
1 RTCHEEACH LI T 2ERAFERNZ, XN (31) THEAsNS,
pcg—f—kfjgw (3+1)
$72, BREMHER (3:2) TEABNE,

kg%+a(T—Ta)=0 (x=07T) (3-2)

3.2.2 1% FEM OERA
BRRNOBE T 282 1 RSERLERT S &,

T=NT,+N,T,
=N;T; (i=1~2) (3°3)
TH3B, ZO N, EFhZhEREHL LT, KATEZION 3B,
—(1__X .
N=0-£) (3+4)
N=+F; (3+5)
R (31),(32) 2FET 2B ox ZRNHMSEE (T CRAMET 2 L, KA L %23,
ax=L:r*{pc%—k%§}dV

— %, ~0T , , 0T* oT _ .
fg{:r 0oL+ 1L ax}dV+/;aT*(T T)dS (3+6)

2T, EABEKLELT, R (3+3) LRUMERES Garerkiy B0 AL T,
*=N;T*(i=1~2) (3-7)
£33, I2i2L, T3 i BEHOHRCHRE LEEREL.

ééw.ﬁ(s-M<D%§%§ﬁﬁM76t&E&&&

oT _ ,, _T:(t) = Ti(¢—At) 1 .
ETaRAL AF (1=1~2) (3-8)
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st =Cp fNT*NJT’(t)dV Co [ NN Tl=40) 4

ON;

s axT*aN’T(t)dV-i—a/NT*(T T.)dS (3-9)

k5,

o = T‘T{(i’—’;/;N-NTdV+kA N NIdV

+afrN~NdS>T(t)—(%/I:N-NTdS)T(t—At)+aTa[FNdS}
(3-10)
Ty

T, BRMGEHE~ LY v 7R (K BIUVERENIRZ ML (£} 2FHET 2 LR
ri3,

e] — Cp
[K ]_A_t/;N'NTdV+k/;Nx‘Nde+aﬁN-NTdS(3 "
o= (e [ N e .
{f}_<At prN’dS)T(t a)-a T, [ NdS (3+12)

F (811), (312) ~, R (3+4), (3+5) OEREAKEERALT, BHSBIUH
BRAT DHERFO L, (K BXU {F 3R (3:13), R (3°14) DXS>ER3, 72
2L, BATI N,=0, N,=1Th 3.

=GB el e
(r9) = Cp T (T—4D)S[2 }]+as]}] (3+14)

ZZT, LRERORST, SREROWEBTH . R(3-13), (3-1)DER~IY v
7 AR EETEREbEZ L, ThPh&RA Lk 3,

(K] = g [Ke] (3-15)
=209 (3-16)

L7zdsoT, & (3:10) D&k~ Y v 27 Rid, kKRALu 3,
(K) - {T}={f} (3-17)
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(171 (2) | (3) | (4) {(5) [ (6) [ (7) | (8)1(9) [(10)

Teat T 72 93 74 T5 6 97 P8 P9 T Qn
A 7777777777777 777/77777777777¢ /s Relcn],
2
x=0 x=1

Element Global
Element No. node No. node No.

m 1 1
2 2

(2} 1 2
2 3

(3) 1 3
2 4

1 1] 1

H : H

i ! !

(10) 1 10
2 N

Fig. 3-1. Node number of element and global coordinate system in one-dimensional
finite element method.

READ
No. of nodal points

No. of elements, etc.

——r—
READ
Coordinates of nodal points

READ
Initial values of the temperature

00
By times
72

00
By No. of elements

L /A
READ & CALCULATION
Physical constants and boundary
conditions of elements
¥

CALCULATION
Element conduction matrix
Element force column vector
Fo

CALCULATION
Global conductance matrix
Global force vector

CALCULATION
Simultaneous equations

WRITE
Times, Temp. of nodal points

Fig. 3-2. Flow chart for finite element alalysis
for computing the equation of heat
conduction.
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A (317 0= ) v 7 R 2EIREFBRA TR T, 2HACB T 2REL2RD 3,

1 RITFECHEBCEFHRBRO FEM I & 2HEIZ, Fig. 3-1 WRT & 512, 1LIRTHEEZ10
ERUNHRCEMRL TR o7, HEO7a—+ Fy— i, Fig. 3-2RL:. Zho
DFFEIZEFEHEM FACOM M-200 (WMAKZAMEFEHER L ¥ —) 2HEHALL.

3.3 ARSI ADEBEDNHNR

3.3.1 REHSREOBE

K5, BBEBBXUCEES (EICy v 37B)h5HK5 SEAREROBEMEIZ, ThoiK
SAOBRAE (X, YV BLUZ), 2 RERAE (X2, Y, BLUZ)boHETE L
OWTI, B2ETRN L. 22T, AT Yano™ 5HEE LT\ 3 BEOH
BREFALC, L@, HES I UBMEERPEFOBKE LT, ThTARD LS KED
L.

C(T)=Col T) X+ CY +CaZ (3-18)

p(T):pw(T)X"‘f‘p;Y”'deZ" (3'19)
_ 1 .

D) = (T ¥ Yt 277 (3-20)

FEDOR(318)~(3+20) DELE, WEEHIZOWTIIE 2E D Table 2-6 B & U Table
2-TWZE LBV TH2,
3.3.2 BHEREOBRE

BREFEEAUTIRRET 2 &, AFRZ—PKEREERL, £KPTHT 2XERDOH
B, TROLLHEEE (&) BEER (T) UTOo»28E (T) T, EPHCRRTCEZSh
3,

E= 1—% (3+21)

FREERUT Tk, BEOHMINEL AT) xtd 2 BAIASRY Y OBRFEERIZIXRARTE 2

SNTW3,

dg=C(1-&)dT+C&AT —AdE (3 +22)

ZZT, Cy GBIV A, TREHADHES, KOHHS X OKOBMBBHTSH 3.
&30z, R (3 +21) RMALTR (3 +22) ~RALTEET 3 &,
dg _ PR YN V) .
=G+ (GG F— AT (323
232 b, R(3.23) L BORSY LTEET S 2 L0TE, BEOBK:
LT, RRTEDbESD,
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CalT) =G+ (G— )Mo (3+20)
¥z, HHELEHEI KOEE (p,) B&LUBMRHEEK (k,) 1, BEEMKELTR (3-25)
BEY (326) D&ESwRb¥B, £(T) BR (3-21) OBEBEKTH 2.

pw(T)={1=&(T)}p, +&(T)p, (3+25)
ko (T)={1-(T)} B, +&E(T) k, (3+26)

22T, ps 3 KBIUVKDEETHY, kb, HLIZABIVKOBMEER R ZhZHR
R
3.3.3 HEEVIOBE

FRR (T) MHEOBRWBEGEICB LT, R (3:24) OLEBOBERMBIZIER A S 2E
Y, FBOMEKRESRE S,

ZZT, FWRTIX Fig. 3-3 1R T & 512, BREAFRIC (T,—TA), (T,+TB) #E8
KRBV, TAODRIILTLEER LD 3 ZBWMEEY (T,— TA) ~(T,+ TB)Eic v
TEMR TR, BRRI®ROB/BLELLEEEL 72,

C,p,k
h
3
——
-
e |z

L
-10 5 tTrd g 5
(TF-TA} (Tf+TB)
Temperature [°C]

Fig. 3-3. Interporation of thermal properties of water in the
phase-change zone. (7,=Freezing point, TA, TB=
corrected temperatures below and above T,).

3.3.4 1EZE(bRMER S BYHE
Table 3-1 KRR (RRETFTAVBLIUAYAHA) % Fig. 3-4 CFRT 1 REMEEAD
YYTN e RV —IZHED T, B - BEERETR o7, KIZ, ZhoRBOEE « B
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thig 2 R0 PO HEREFHELTCFEM Itk 32 v 2 3 v—y a U 21TV, RERE
LHEBESR LEMT 3 REORMERRET 289 A -8 (T, TA, TB, X, V)% %
NENRD TERBWMEELHEEL 12,

Table 3-1. Constituents in food models and fish tissues.

Samples Water [%] Solid [%] Lipid [%]
Food model
A 75.0 20.0* 5.0%*
B 75.0 15.0* 10.0**
C 73.0 25.0* 2.0%*
D 70.0 25.0* 5.0%*
Skipjack 74.7 24.1 1.2
Shark 87.4 11.6 1.0

*  methyl-cellulose
**  Corn oil

: Sample(28¢ x 40)
: Thermocouples
(c-c,0.3¢

: Acrylic tube
(25id x 320d x 70)

: Insulation
(glass wool)

: Copper plate(O‘Gt)
: Plywood(5.0%)

70

00 ® © O

[mm]

5

HEAT FLUX

Fig. 3-4. Sample holder for the measurement of one-dimensional heat conduction.

3. R B H &

.41 B H
UTERRZAHET NV ERAARE 2R - BEOY 2 S v—v 3 YERICH L,
3.4.2 AREFL
Reaper &7 BRBELEAF Lo —X 2ERSERE LERREFVEEERL, X,
I—VHBIUVAFLELT—X (350-550 cps) 2> SR T 2 3RAFR (KAF—IEBE—ER
) DEFHE TV E Table 3-1 CRTRAFESTHAYL, A, B, CBLIUDD4EFE2AH
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7z,
3.4.3 AAEM

BRI A Y (skipjack, Katsuwonus pelamis (LINNAEUS)) BE I ¥ F Y X (Blue
shark Prionace glauca (LINNAEUS)) DR EER L 12,

EBICIE, BEARIVFHE (5 mmg BV —1) IGBLISELMFRZRA V.,
3.4.4 BB X EEER

HEA %, Fig.3-4 KRTH Y IV xS —Q@D7 7 VL& (28 mme X 70 mm) DI
FHREOHFEOD 525 mmOE X ZiED, ZOY Y 7k y—%{EBE (HiZ RC390702
Bya—7—2R) KA, BEOFS BRERRTE 1. BB X UBEROBE (2K)
BEZZNZN—-20£0.5CB L U+1020.5°CicREL 2.

HEOBRERE X, CRAEOFHENES» S 5, 178 X U722.5 mm OB I BEXN (C-C, 0.3
mm¢) 2ELAA, BEEEHKBEST (BMER, ER-40363) kL THlEL .

.5 RREBRCER

3.5.1 1RTHEFHPCESERD FEM B2 L BRTRO LU

1 RJC FEM OFHERBEERE T 2720, KBRFAFCHYT 2B ORBERE TV 218
EL T, VARDWE 3 & UIN#dhiR & BATEHE & FEM i & 2 BEEHE TR, HE OFHERS
R*% Fig. 3-5CRL 7,

20
5 °f
g_l,o — Analytical
k) FEM

Py g == —

surlfcce .

0 1 30 45 60 75 90 105
Time [mMin)

Fig. 3-5. Comparison of numerical solutions (FEM) with analytical ones
of a nonlinear heat-conduction equation with no phase change
in an infinite slab (Cp= 4184 [k]J-m=3-K-1], k= 1.453[W-m"!-
K-, d=17.0[cm], 4dt= 4[s).
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BARE LT, EBRTOBEAELTRD SA3RREAVET™,

FoR2 [0 (g xlon(H)] s

Fig. 3-5.»%, FEM i & 2 BERRENIEL RERT 2 2 b s, ZOHED
FEM OBEIRA 7 v 7 (At) i34 [s] Rros@i4TH o e,

FEM REZTHPLERORISERGTbA TR EVD T, FED L 2 SRR
F v 7 (At) BXUHEOES (Ax) OREZIE, H 55 UDFENELEMS € TB L LE
BH5, &8, 1RTOBEDEERMR, EAEOBBEORME 2<Ax*/hAt?) ITHET
zrEISNT.

~——— Measured by BONACINA et al.

==--0--- (Computed from Approximate Eqs.
of t.p. with FEM

Center

o
T

Temperature [°C]

10 20 30 40 S0 60 70 8 S0 160 110 120
Time [min]

Fig. 3-6. Comparison of an experimental result measured by BONACINA
et al®® with a numerical one of freezing curves of a “Tylose”
sample (d = 4.25[cm], pz0-c = 1006 [kg/m?]).

20 -
S
S 10+ B
% Ssurface F/ Center
3 or ——
- -
2 - ¢
5 ———— Measured by BONACINA et al.

~--0--= Computed from Approximate Eqs.
of t.p. with FEM

1 1 Il 1 i (- 1 1 1 I

‘0 20 40 60 80 100 120 140 160 180 200 220 240

Time [min]

Fig. 3-7. Comparison of an experimental result measured by BONACINA
et al % with a numerical one of thawing curves of a “Tylose”
sample (d = 4.25[cm], pz20°c = 1006 [kg/m?]).
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3.5.2 BAEOEBREER L OB

(1) BREFNVICBT 2 HEE - BEGARORYMEEOHR

BonacINA & 1 LiEDEL DAERE F L (X F vt o —X23%, K3T77%) % v T, i
REERZTRV, HEEFOEIUEOHERCOVTRIEILTWVS, HODHEBB LIV
RO ERER (ER) £ L b FEM X & 2 HfEME (—--0-—-) 2 Fig.3-6 BXU3-7 K
zhZhrl7.

FRETFNVOBES & CREARCB I 2 P0BERREAREOERMELANL TRDL:
bDOTH3,

Fig.3-6, 3-7 DWE» > b3 & 312, FEM I & 5 35 ARERE O st & 13 BoNacina
5DEBRBER L B GERIL .

Lizdso> T, ZhsOEREIEICHER SN2 BWHEIX, B - BEEROBMEEL R
LTw3, #Z T, BoNaciNA & D3—EB#HIE L 72 LiepeL & O BWMAE & ARG H TR 7 8
fE% k8 L T Fig. 3-8 IZ/RL 7z,

1.8 T T T T T T T T T
1.6 -
e~ LIEDEL'sS values used

1.4F - by BONACINA et a1’ -
= o =
&.‘ o= Approximate values of t.p.
T 1.0F used for freezing computation A n
:5 """ Approxinate values of t.p.
“ 0.8} used for thawing computation B
™

0.6 i s

b e o o — —— e = e

0.4 ¢ -+ t t ¢ t T 1 T

60 "I~ -

50 F -
o
L 40 | B
7
o 30 F A -
2 i
& 20 N B
(%) ,{/ \\\

10 y \ i

_,'.// \‘\
0 L 1 1 1 s % I T T
=30 -20 -10 0 10 20

Temperature [°C]

Fig. 3-8. Comparison between LIEDEL’s values and approximate
values of thermal properties (= t. p.) of “Tylose” during
freezing and thawing process.

Z DFER, BoNACINA & D3R & - BIMEAE L ARG EH TR O 7e BRI KA —B L 7228, W
WRMLCETORENE LT, ThoD#EZER, BoNaciNna & DEHE TR, BEOEE2—
EEELTWRZEHRAD—DOLEZ 2, BRERIBCBIAWEED TABLI U TB
DERDARXE>THBER (Cp) BRELEDLBLD, ThODHEMBDENLEZ N
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6k
J S ] Measured by HATTORI et al.

Computed from approximate Egs.
of t.p. by FEM

Temperature [°C]

0 20 4Q 60 80 100 120 140
Time [min]

Fig. 3-9. Comparison of an experimental result measured by HATTORI
et al.®® with computed one by author on freezing curves of a
tuna muscles (d = 6.0 [cm]).

0.8 I b
e Used by HATTORI et al.q )

k [W-m=*-K-*]

0.6

—==== Computed from approximate Eqs. y -
! ! 1 ! 1 f of t.p. “omm—mmm
0.4 T 1 T y y t

10°x70 -
60 -
S0
40 P

30

C [kJ-m™2-K*]

0 1 1 1 B | 1 1 L 1 1 ] 1
-20 -18 -1¢ -14 -12 -10 -8 -6 -4 -2 O 2 4 6 8 10
Temperature [°C]

Fig. 3-10. Compaison of HATTORI'S data with approximate data of
thermal properties (= t.p.) of Tuna muscle during a freezing
process.

7e.

(2) =~uARCBT2HEGEEROBYIEEOHE

BB S™ 1k, AE 6 cm OFER~Y 7 a A R TED S Bk LS O BGHIR 2 208
WD yasv—yvavi{FhotTwa, 22 C, AHETCHRABLEESE FEM 2B T
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BV, o OEERFER L L T Fig. 3-9 WRLE., ZORIZBWT (0) EIMEREES DE
BRET, R (—) PFHEOBERTH 2, HEMERZFESORAETEEB —HKL .

2T, LEEOHBCHV SN BHEEICOWT, RESOELAFHED b D% Fig. 3
-10 R L7z, Z DFER, WEOBYMEME ORI RER CEZR LIz, HEEB X UMEH
ROFECHOTOLEEENEC. 2OREIR, BEREAMETHE (C) £7:38ER (Co)
EWET 2 TABL U TB ODEREDVPOBRENEELLbDEBbh 3, LT, H#imk
AT B8 W TRBERIC L 2 BEKREELED TRKE WD T, MIEE TA, TB O =&
Vs, BYMEOSEICLHET S, £, BERKBLTILARHOPELEETE RV
25,

UZedso T, Bl S & 72 3 HREATHIC B 2 Zh s ORIERIC DL Tid, RS S™ 5 L U
B L EEL T B kST, KEROER « BEESHIC O TORLLIESLEL 2
3,

3.5.3 BRETFNVBIVRAICE T 25K « BEEROBYIEEOHE

REET VA (Table3-1) OWHHE - BEEBOY 2 I v—v 3 VRS —HL LT Fig. 3
11 RL:, AR TR, CRECORBEAESRETDH 52720, Bk -BEEHEOY 2
SV—va VIREAMMGER (o) PANLTHELR., 20729, BonaciNa & B & UBRER
SDFHEMRROD & 5 ITITEERE LA L 23, EARITIZE ERL 7.

10

[°c]

Temp.
L
o

22.5 mm depth
( thermal center : 25 mm depth )

0 30 60 90 120 150 180 210 240

Time [min ]

Fig. 3-11. Experimental and computed results of freezing curves of food-model A
(20 % methyl-cellulose, 5% corn oil, 75 % water).
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B - FEGRHNAR S RBRE L i b R GERIL 14B8 e B 13 2 BHEOBHRER (T) B U
fIEfE TA 8 X U TB #% Table 3-2 &R L 7,

BREIOTHNR « RECBROY 2 I v —v a Y ORR, BELEHSIBEOERE, sk
UBRHRDMESH Fig. 3-12, 3-13 B LU 3- 14D LT, ZhThBECHET 2B TRD
ohl:, ThoDEREY, AFBRAIUBESOEER, B (BBE) B8SWHINEL, 7
B AR CBE bRk, W (BE) BFOEIEEIINS ko,

Table 3-2. Temperature corrections around the freezing point and heat transfer coefficient
obtained from the simulation of the freezing and thawing curves of food samples.

Correction temp. [°C]

samples T, [°C a[W-m-2.K"]
P /[ ] TA TB [
Food Model
A —0.8 0.8 1.3 72.0
B —-0.8 1.0 1.3 N
C -1.0 1.2 1.1 n
D -0.8 0.9 1.3 n
Fish tissue
Skipjack —1.8 1.6 1.7 72.0
Shark —-2.0 1.1 1.1 N
1100 |
» Skipjack
o A D  PAre————eeeo—— oo
2 LA S 7
1000 1 h i = /
= I
;' Shark
a 900 [
a
800 C
L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-20 -10 0 10

Temperture [°C ]

Fig. 3-12. Calculated results of density used for the simulations
of freezing curves in food models and fish muscles.

BROBEEEIZ, KOZNLVKOABH4ERE WD, REREL L D ERESHTOR
GHIKEL L2 LBbh 3, Fig. 3-13 KRLEBEEROHE[OBE D, FRELVHE
RO REEBLVEL Zo T3, F2ED Table2-7 KRLIzX S Z, 3RADFTK
DOMEHERRORKEVDT, KFOEFRALOEVHDIEF EREERSAE B L#E



A B RO 187

Shark  Skipjack

Thermal conductivity [W-m-'K-*]

] | | |

-20 -15 -15 -5 0 5 10
Temperature [°C]

Fig. 3-13. Calculated results of thermal conductivity

used for the simulations of freezing curves

in food models and fish muscles.

Zoh, YAROBMGHERBRELREEoTw3, LHL, #YVAHEDESIE, Table3-1
TRLIEEIECRBET VA, BLIELAYRUKFRTH 2, BGEHEOHIEIRD
K& RoTw3, Zhik, BEOBCESERSOZITHN, F1/3E/h&wnizo, B
SFERBOWMEN LD 2BFRIELLEORGHEROKESR2EET DL ELS, %1,
KB EBEESOERFIEOFMORE WEBDOIHIZ, BEHERIZKE (> TWw3 Z L8 Fig.
1BDER»Sb® B,
HBOHHERERICDOWT, Fig. 3-14 IR LIz, FEMOREEHOLEIZIZ L A L RIUE
R o lkds, ERERUT CTHELR2#E BARERB L bR o7, BRETVOBE, &
BRIZBIHBOE -7 DRI AKFEERSIOLED2EEDIBEICKE» o7, ZhizH
(FEE) DHBENZRAOFTHRG/NEVI L H B, FERRTRIROMBERLLEL
T30, KABDEENELITKELREbDLEEXS, LiL, BREFNVC TR, ®
DESMMDOETF VAL VR LD 2T, KFEERSOLEDZEENRIKREND, K
RRRMOETNVERLD0.2CELETLTED, ERADERD E— 7 BREIZZ > TW
5, ZOMERTIHERIE, FEAROREHRERET 2880 BMEBEO A VI &L 2582
EBbhz, 4V IADKRE, HELFOLBIETNVERA L COPHEHY, FRES
(T) CBI2RMEBEOH (TA+TB) i3, EFAVRBLOWLERE o0z, ¥ A
DFE, KIGBEZAYVARLD S o7z, FRRCBIT3HBDOE —27MEL, BEE
INELEEENT:, Zhid, RO EFVER C DBE LR, BEAEOMEBESAVT
Wil DRE LR SN,
3.5.4 FRAUTOREREB LUV I NE—DERR
BEBIHBLEELORTRD NS, ERAULORERTEFIORBOBERIZ, —
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ic—E L Rash 2, BRRUTOHECPTRBEKFEESKE L, 22T, BRER
BT okt#hes & CERINBEOBSKE LT, R (3:24) BXU (3:25) WEXTHBDT,
BARZWRNOMTRDOE S, T4bb,

cT)e(T) = [{Ca+(Ci- C)

T
T

}X+ CY+Ca1-X— Y)]

He—eaZro)x+or+odi-x-v)] (3-8

80

0

=2
o
T

o
o
T

H
o
T

30

Specific heat C [ KJ-m~*-K-']

n
o
T

10

. [oc]

Fig. 3-14. Calculated results of specific heat used for
the simulations of freezing curves in food
models and fish muscles.

A (3-28) OAELEHBLTEETZE, KADL S R LA L3,

C(T)o(T) = Z5+

L, R(3°29Da, @ a6BLa RHEESLCER X, (3:30)~(3+33)

DEBYTH S,

a2
T2

+

as

T

a=—-1X*+ sz(Pl _Pz)

+as

(3-29)

(3-+30)
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@a=X*THC—GC) (p—p2) — LT X?+p, XY +pX(1-X-Y)}
(3-31)

a&=TAGCX?*(pi—p,) +p. X (C—GC)+C, X Y (p,—p2) + CaX (p1 —p2)

c(1-X-Y)+p, XY (C—C)+paX (C—G) (1-X-Y)
(3+32)

a=CGp X +p, C XY +p,CaX(1-X-Y) +p,C;XY +p,C:Y?
+p:CaY (1-X—=Y)+psCX(1—-X—-Y)+p,C,Y (1—-X-Y)
+paCa (1-X—-Y)2 (3-33)

ScuwarTzBERG ' & IR AKDEE AT OkART) OREFM L CEHRARL LT, &
(3:29) DELDE—EB L UEIFERRVEBOREH TS, K (3:29) OHER
DiE RavLt ORI & B - FRER 2 #A L7 DT, SCHWARTBERG © DR & BABY 1258
BF3b0LrBbha, VFAIZLTS, Ravr DREBIRASEKRICER L2 b0™ T,
BEABE R SN2 ARGH~R (3:29) 2 FHT 358, ZhoOBERFREEER V20
RALTFLLELY TR EEZ 2, BE, FNSEL LS CAROER « BEOEHETE A
PIMEOERR LA L 2B, BWMHEOBEOLEN 2R, KR TR, L
RS T 2 BMEESRET 22 L0 k> T, MEOREREE > T 7. BRI
3B (AR RHEOBMERRBEELCEHES O TCHECEELRETH S, 2
NUBOEEFORYREOECOVEETH S L 22, 22T, ERLAMMESES
eI RERRLE L 22, ERADBBIRE T IX, FEHOBETLB/NREr™
HRESN, SEROHSEMBELSE L B2 BE0EL, ZOEKRT, R (3:29) ik 3KAT
HYEROICEINLTWIDT, HELTORFELXABENICHATE 2 LBbh 3,

—7, REBEEG BET IBOFERRI, o/ —noRKDSNE, TV ILE—
DRIk, BERISRE2, Tiabb,

AH=/T c(T)o(T)AT (3+34)
T
= [ B+2+ B4 0T (3+35)
— 9 F2—Fz)— (55 )+ asin( T/ To)+ a T— To)
(3 +36)
£ 25T, Leavy ' =, SOBB EARICOWT, BREAD S5 —40°CE TOI Y ¥ L E—

ERDBZ:DOWIEAEREL TS, Lrl, ZOo0BERICHI-RTHY, BRI
Hhh Ty, 2O, K (3:36) ZERICHELNTED, ERSEUTOZ Y v E—
Z1ODATRDLES, 28, R (3:36) ORE (a~a) ¥, BRRBOERELE/N_F
ECGEMT2Z it >TROBN S,
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3.6 E B

HEL 245 BEOKRERBOBIEEOEIRY:, 8L UHEKEIZOWLTRELE, &5
2, HELHICB T2 KERROASE, BIUIYIVE—2KRD 3 MHELERNE2EE
L7=DT, UTIEHNT S,

1) 1WTEFNVRBOHEK « BEMR% FEM 2RO THEHETY 23 v—y 3 V21T
v, FEERE L BUEMRISEU L BE OB E R ROHERBE L Lk,

2) RERBROZSBYIMEE (FBE, L#B LV BMEER) ZERSR kF—BE—EE
B LT, shonRAEE» SR (3:18)~(3-20) 2@EHAL THHEL -,

3) MRS BAORRZORMMEIZ, XOSEERT 2 LB S LI 3HSOMICEK
HEEPROZ2BERTFEMITHELR, Tbb, R(318)~(3+20)izK(3+24)~(3
26) Z@EAL TKDI-.

4) BAROBYMMEIR, BER (T) HETRBCELT3DT, T,Hitic TA, TBDO#
EREZROWEETHREL, (T,—TA) ~(T,+TB) MORARYMEEEREILL 7.

5) REEHE, 3HAR kD—IBE-BEFD) LLTK a—rHBLIAFrELT—X
PHOWTRAEESE2EZTHENLZAREFTNVD A (A~D) &, AVIB LUV X OB
RAREZAWE, ZhoDEaEEIX, Table 3-1 IZRL 7.

6) 1RTHERBGHMEDY 2 3 v—ya Y IZ FEM 28AT 3729, Ho» UHHEE
16D 72 W NEL e R EI AR D BEATAR I U T FEM fEDELUE & HhBR U 7o F5 R, Z08 (RREE)
DEREBHRME 2=5Ax*/h+ At2) RAVEZEICE>THERZRLS—BLL (Fig. 3-5).

7) REOERE 7213 BHREAROBREO KRR ENRIC, FROBYEEHERIKICLY
FEM T¥ 2 3 v —¥ a v LR, BoNaciNa > DBEME T VO - f#HehsR (Fig. 3-6,
3-7) BXURES D~ oS (Fig. 3-9) OEEBRER L B —87 2 BUEMBESES
iz,

8) BRETFNE L VCARBEEOFERET NV (BED.L : 25 mm) OB - R E ARk
® FEM T¥ 2 § V—¥ 3 Y 2T, HiR-BIEROSBYMEE % —20~+10°COBEH
ETKR» 7 (Fig. 3-12, 3-13, 3-14). %7, HELZ S BHEOHE B W EHE AR
(Ty) BLUVZDORBOMEME TA 8LV TB, %5 VREREIMEER (o) OEREHFH
DWTHRDI: (Table 3-2).

9) HEL:REI BRAUTOEZRSRERORAER (kcal/m3+°C) 2K 3 gL L 72 3E
BREEWE, X5ZZ20REHAIL T I NME— (kcal/kg) 2KRDZERAEEEL
7z,

BIE KERROBETILEMHIBED

SRTBEEMEOBIERE

4.1 #% =]
FERABROBEERICBWT, REEETE 2770/ L L TR R BERG 2 E/
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WRET 5 1iE, BEFORRNEELLZ2EHMECOVWTHETRKD 2 Z L BLETH 3,

FREROBRBENIFRBE L HOBRCH Y, BEHEFBA» S WThOBEELLLHEI NS,
FETE, BEAROHBHHENTLENTH 228, L BETHESLEEL LCAL
k.

RS FRED & 5 b2 4> BVEHAEIZ, &< 25 STeran BE & U THEFTBRA S
nNTE&ER, Lhl, BERBIBONTED, XM Puank DRAB X U NeuMann DB
LENSDBERSH T & MWD g5 - o DEER & 72 IMEER IS HH .
BREOERMEET T2 DRI O, FER - BEARORRNLBESAPBEEL
RPRHETZCIIELTRY, LoL, COFEOMEEHER, IFEEFHERBOHI A &
ZHEREOFIAIEA TS, BEBEL LT, E58, 8Nk, o7 voH, B
CERE#REZ E535 550, ERdms— RIS EbTE ., UL, EHER, T
ERR WS ER BT 2o TNk TAas tsha ™ 220, zok
3 MR FURBOFE BREAROMGHABADOEEL Y iI2i3, 3ETHR~ FEM i
X B BIEMEESSE b ERANZ AETH S £ Commt &) IIRBL TV, LhrLass, &
% « BRBRAIE~ D FEM OIGR I, B 1 KTMEORE cTE->Tw3s. " 22T, 41
2+ 3WTAIEADILE L LEERREOMRTsEE 2

Liedso> T, B TIRHEELEMES 2 - 3RTHEEEMEHRIBOME: I FEM O 21
RLUT, KERRD L D LRERIT - TEMRMEC B 5586 - BERBOY 23—y
VEIFI LR BEHE L.

4.2 HPIER

4.2.1 BPMEEOHRR L R LHDRFE

BB & UHEALIZ & > TELT 2 BHEOHT B L UV IcDow T, $B3E (3,
2.3%7) THNLBYTH3.

4.2.2 2 RTIER BMZEHER O BlEfEE

(1) Hpst
QRTHERBCE L IMT 2 ERHERL, R (4-1) THE2on2 ™
pc%g—k<§31+%;3=o (4-1)

ZZT, TRRE, p 3WEHOERE, Ci3tt#, r3BMEHEETH S,
BREMEELTE, BRIOBTR (4+2) BRUTL2HDET 2,
¥ n+ T n) +a(T—T) =0 (4:2)

ZIT, y nRABERCEERNASOERRS ML (FAKE) THY, o BHICL
PRAMECERTH S, ZOHE, T.RABEOBREEETHS.

BB, BREEBSZONTVE LI DHEZBILNTES,

(2) 2% FEM 0E=R1E

R(4+1) OERHIBRE2EL O SBEE CHL Z LT 2, EHBKE T (x, 9) &
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LT, RO &S 2 RBISEIES.

ox= T*{ c——k(ﬂ+%}t)}ds (4-3)
= J{rroc G (IS 0D  as— [ wr+(9Enet L n) ar
- [{roc oAl B s -
(4+4)

ZZT, dS(=dx+dy) B 2RTHEIEEDL, dLIZ 1 R/ EEDLT. ZOBRE
QURBREZTVWR2RTER, TILEBB-oTWS 1RTERTHS., R (4+3) DEFI

it, Gauss DEE % 7"
ZZC, BRETT Fig 44 DESCHEB Q2E 20D 2RTY v vy 7 A(ZHABER)
RET2ER (4-3) i3, 2EBCRKRRN LR 3.

6x=§xe (e ZEFKE2EDLT) (4+5)

8T, Fig 4-1 D &3 —D2D=ABERLEZ, 2OBFENT, BE T(x, y, t) 2K
D & 5 WRIEL 2T 5.,

‘l(x.l,y])

3(x3,y3)

Fig. 4-1. Two-dimensional simplex
(triangular) element.

T(x, 3, )=atbx+cy (4+6)
Fig. 4-1 28V T, RERDBE T, (1), T,(1), BEIUV TG &35,

Ti(t)=a+bx+cy,

T,()=a+br+cy,

T, ()=a+bx+cy

DBEYILD, ZhoDa, bBLUcio2WTHRE, 2hoDfE:R (4+5) KWRALT;
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T(x, v, )=Li(x, y) T($)+L(x, ) T(t)+Ls(x, y)T:(t)
=L T: (4+7)
Ehd, ZZC Li(i=1~3)3EBEEZELEINS HODT,

Li=2—ls-(a,~+b,~x+ciy) (4-8)

N

-
-

T,

i =X Y= Xr Y;

bi=y;— Yn

ci=x—x; (i, j, k=cyclic)
T5z25h, SEEZ TV IABEXROERTH 2.

wiz, EAEKELTR (4-7) rRUHK AR Garerian & 2 AT 2 &,

T*(x, y)=L(x, y) T\*+L,(x, ) ,*+L(x, ) T3*
=LiTi (4‘9)

Ei3, 22T, TAE=1~3)REBEOEKTH 3.

H (47), (48) &b

ov'= [ r{ocLi L2+ T (%e e

+%%’)} dS+ [, aT* L{L,Ts— Ta) dL

{[Ie(Mx+My)+ 2C 14 0B ] JTAD)

—pjt“(M)u TAt—4t)+ aTa(Ba)i} (4+10)
ZZT,
(Mx)is = aaLx aal;c’ ds,
W) = [ G0 g,

(M)y= [ LiLsdS,
(B)s = [, LiLsdL,
(Ba): = [‘e L;T,dL. (4-11)

ThH5.
7e72L, RN (4+10) BT 3 T; ORFEMSTE,
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T, _ T.(t)—T,(t—Ap) .
LERIL 7,
R (4°11) OBHRROAR Ik >THETE 3,

alblc!
(a+b+c+2)!

alb!

f LieL?dL = 50T, (4-13)

ZIT, SEEAKEROERET ZEAORE2E£DLT,

A (4°10) 2T RTOBERLZOWTCEHEL, 2B TEERFF 2L T*(i=1~N,NiZ£
HiRB) ConT xRN0 THEIL2BERTB L, T:(i=I~N) ZDOWTONEDEILA
BRAsBon3, ThE2EFHEBTEIILICEST, Ti(t—AL) ((=1~N)DEELY
At P2 BEREIDSEAZ L ED Ti(t) (i=1~N) ENEOEHACOVWTRDSZ Z LHSTE 3,

Thbb, BRIGHE My 7R (K)BLUERANRZ b {f2EHET LR (4
10) i,

f,,e L18L,5Ls¢ dS = 25

[Ke]=k(Mx+My)+—’ZCt—M+aB (4-14)

{fe}t Mi,T(t At) aT (B) (4 '15)
L7435 T, ﬁﬁﬁ%ﬁikﬂblf, R (4°14), (4415 2zhFThBEhEébe s,

[K]= g:l [K¢] (4+16)
=2 v (417

%5, Lo T, BB oW TR (410002~ Y v 7 RiE, R (4-18) L & 3,
(K)AT}={f} (4+18)

R (4°18) D2~ Y v 7 R EETABRTERO T, §HRO & 5w NEOLE BT
L2BEEZROBEZ LIRS,

2B, HTHEFREIETRRZ IRTFEM D 70—« F+— b (Fig. 3-2) #3323,
4.2,3 3WITHERMEEFERDKIERE :

(1) 2R

SRTEEEBEBOERIER I —MKRTE5 L ohs, W
aT , T, a°T  a'T

ot K oxt  oy:  oz:

pC -+ )=0 (4-19)
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HBREMHLEL TR, BRSOHELET,

oT oT oT
Pl == = . = .20
k(ax Nyt 3y ny+ 52 ne) ta(T—T,)=0 (4-20)

BEILDET R, TIT, e mBLT B3 EROBMEIDONAEDER~NZ MLV (5E
%-ﬁ'f) ‘—0%09 a@iﬁﬁblléiﬁﬁff{%%, Ta&i%@@ﬁ%ﬁﬁ?b%.

2B, 1+ 2RTOBELAKCERBESSIONTWARIEI R D FEL LI LNT
&3,

(1) (1)

Fig. 4.2. A hexahedral element is divided by five tetrahedral subelement in two ways.

4(x4, Ya, 20)

1(x1, 31, 21) 3(xs, ¥s, 23)

2(x2, ¥2, 22)

Fig. 4-3. Three-dimensional simplex (tetrahedron) element.

(2) 3JTFEM DERIL

SIRILFEM DERLD 1 + 2IRTOBE LA TH 2. 3RTOBE, 4B Q0HHEH
BELT, 6EEICHET S, 100 6 HERERDBEREQTEDL, 20 6 BEEE 3
REDEFH QLOFEFLBEL T3 2RTE@EmE LT3 L, & (4-19) ORBEEEZ, =&
(4-3) O2RTDHFETHIEL T,
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R R e S e A Tar T e A

+ [, aTHT—Ta)dS (4-21)

rk3, 22T, dVIRIRTOBMAERDT.

T, R (4°21) OB EITOIID 6 mEEFRK%® Fig. 4-2D 2 SOFETAEHEDY 7
(sub) BRIz HE L THAT 2 0k, (EERERQPVL D00 4EFERICS

#+ s (4-21) i3,
oxf = s%"'a dxsus® (4-22)

iR 5,
iz, Fig 4-30RT 120 AEEY 7EBRNT, BE T (v, 3, 2, 1) 2RO LI T

Rl T % &,
T=a+bx+cytdz (4+23)

Lz, Fig. 4-3 5,

Ti=a+bx;+cy;+dz (i=1~4) (4-24)
HMEesns, ZIZTCLi(i=1~4)3BRERLFINE DT,
=%(ai+bix+ciy +d;2) (4+25)

rh3, 2T, ai=Ay bi=Az, ci=As BE T di=Ay (1=1~4) TEz N3, 7272
L,V BAEEY TEROERETHY, A, 1ZR (4+26) TRTMNY) v 7 ROKREFTH 5.

1111
X1 X2 X3 X
1 X2 X3 X4 (426)
Y1 Y2 Y3 Vs

21 22 A3 R

2 RITDBE L AR GaLerkiN B2 HEA L T, EAEHK T %,

T*=LT* (i=1~9) (420
EBE,
oT;(¢t) _ T;(#)—T;(t—Ab) .
D - L (4-28)
LM B,
Ston =Tt { (Mot Myt M+-E M+ B)S T (0
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_pA—Ct( M._,T:z(t_At) +aTa(Ba),- } ) (4 ‘29)

B/oNB,
7’:75 L/9

M)i; = Lesua L;L;dV,

— OL; JL;
(M) = /.;esua ax ax 4V

_ OL; oL,
(My)i; = '/‘;ESUB % oy dv,

_ oL; oL;
(MZ)“*/Q%UB % oz dv,

(B)ij = L;L;dS,

I'esys

(Ba)i = ./I;SUB L;dS. (4 *30)

TH5. R(4:30) WRTLTOROMML, ROAR (4:31) OHER phostEcx 2,

ay by .cy d _ alblcld! .
/QLI L LyLit dV = 2 2l 6, (4+31)

alblc!
(a+b+c+2)!

/;LlaLszac dS =
6 EEER DN oxez,

2['3

oxe = %{Sugzgxesua(l)‘kSu%gxesua(m} (4-+32)

TRoN, 2FFEONBEEK,
ox = %‘, oxe (4+33)

TRONZ.0X 2 T*(i=1~N)ZDOWTE Lo, FRD T, IZ2OWT, A N0 THBI &
EBERT DL T(=1-NZODWTONEDOEIFERNE SN, Th2BEFHER TR
CERXELT Ti=0U—ANGE=1~N)DBEL Y At P ORRSEAR L ED T (1) (i=1
~N) ENEOEHRICOVTRD SRS,
Tiabb, BRIMGECIN) v IR (K)BIUVERNNIRZ ML {f)2EET 2L, R
(4+29) BRDX SBT3,

c
(K. =k (Myt My + M) +—5—— b + oB (4-34)

() =5 (M) 4 Tyt — A0 —a Tu B, (4-35)
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FEHLEIzOWT, & (4+38), (4+35) 2ZNZhERADELHER, K (4-32),
(4+33) ihES LR L 1B,

_ < _1 e .

[K]= El [Ke]= 2 (su% {fseus(l)‘i's%zzf){sus(z) ) (4 +36)
— E — 1 . .

1= El {re} = —<2 SU§1{5U3(1)+SlIZB(2{SUB(2)) (4+37)

Llch3oT, R (4+29) O2FE= ) v 7 Rid, 1 2RTOHBA ERRICK (4-38)
ER5,

(K)A{T}={f} (4-38)
R(4-38)DeE~t Yy 7 AZHEITHBATEL &, BiIRO L 512 N HOLHEACE T
LBENKRE S, ‘

7B, AHEFREIETHERZ1IKRTFEMO7u— -+ F+— b (Fig. 3-2) K#¥3'3,

4.3 R BB F &

4.3.1 AV AKOERER

1 # #

# Y # ( skipjack, Katsuwonus pelamis (Linvaeus)) DHEER 2R (A, B) 2HAwi. A
I3PEE2.56 kg, HF48.0cmD b DT, ZTOMRNFEMER% Fig. 4-4 R RL%, %7, Bk
2.30 kg, HBEAT.0cmD b DT, ZOINENER % Fig. 4-5 1R Lz,

Fig. 4-4. Finite element mesh of the cross section in skipjack body.
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2 s &

SEOIHEIZ K Y VT 3 mmeg DREFT T, BEX (C-C, 0.3 mm¢) ZFTEDHAI
EAATH S —25CORHEIC 1R (WIS Ah, RBHIFEIEL BT IT VR
EERRCH L7, BRAR, EA (26~30°C) TERBEE2ITZ o7, ZOBEORERIE S
i, BRMEMRTE (Fig. 4-4) WWR$ i, iDm (OE) &L, 3HEBIX, EEMEA (15£0.5°C)
THILZESIER TR o7, ZOBEOREIERZ, REKE (Fig. 4-5) D19, 378 X
U410 &Him (OH) &L,

4,3.2 A= RIDHEKE - FREER

1n & #H

KERRDETNELT, HEBHETAERNERETHE LI EHDS, 1o Ra2HR
ke L,

RE DOy <R3, HERD (FHHEEEE KK, Net EE :290g) 2FHAL, Z0x
REMENE R Y 745 (Alaska pollack, Theragra chalcogramma (PaLLas)) &< LY
(Lizard fish, Saurida undosquamis(RicHARDSON) ) DR &, ZDRE, B, WL X
VERY) VBERZ COFINY (EFEFH) 2ELRROLOTHo 7,

7B, H<RaBROFIRIZ Fig. 4-6 TRL .

j S E—
0 1 2 ¢m

Fig. 4-5. Measurement points (O 19, 37, 41) and portions (A, B, C, D)
for temperature and constituents on the symmetric cross-section
of skipjack body.
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(1) (0.0, 3.9)

11) (0.0, 2.4)
(11)

3.9

a
3

g
w
o

.. 2

Z

2.7 em

3.2¢em >

Cross section Perspective view
(W + insulated boundary)

Fig. 4-6. The division of Kamaboko into hexahedral elements.
The numerical results are obtained at the points of I, II and III on the cross
sections of A and B’. The number of the hexahedral elements is 57 (=19x 3).
While experiments are performed at the point i, ii and iii on the sections of A
and B.

@ A &

HAEOFEME c HEX (C-C, 0.3mmg) #EAA, FiR(19°C) THRE P T L%,
=18 CBIV —T2°CORBEIC AN THERBR 2 1TE o 2. ZOBEDBEHIESIZ, Fig. 4-6
WWRTHEE A BLUBOD(i), (i)B &L PiDESR (OH) kL7,

—H DREFEERY, BREEREOR Y EHEETCREY I L%, ZhATREREL
TH519COEBFTITR -/,
4.3.3 RAWE

RO BRI 3 RSB DRED & AL TIF% 7.

AHRB L VIEEROAUTIE 12 (2.3.3) KR EBYTHS.
4,3.4 FHEHE

FEM iz & % Bif - BESGARD 2 - 3RTHEEBCHAFEROFEFIEI, Z3E0 Fig.
32 RKRLIZ IIRTEDFED 70 —+F »— KL T, BRIWNFHRTH 28BS, 2Ot
DEWRBERLE LT, ZOXF0OHMOWTEHEL .

3IC FEM O&fE~ b Y v 7 AD# 1 KABROMEITIE, 2=y MlEE"" 28
LT, 7oy 7Za3CERETEL -,

LB, B 1 RABROMECRA Y RAOMEEC L2 I v—F VW RFIA L,

EWOIHEITIE, BFEEMS FACOM M-200 (JUNAZAREEME Y ¥ —) 2HERAL
7z,
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4.4 RERRCER

4.4,1 HBXICIHEEEBMTE RO BRIIE L BUER O LLEE
HEL2H S BRIT (2 - 3WTT) FEHACHIE FEM 28H 32514, HELD
RIS DRERDOENE L FEM B EEMl& ¥, FEM ORESRG (BRY A4 X, BEAT v
FiY) EFOBI LI,
(1) 2RTEOHE
Fig. 4-7 \ORTEBATEZBEL, MBMRETEL ., 2RTEECEBGEHEABRADOMR
WL LT, BERELTRKDSNBR (439" 2@H L.
Fom? =) A exp(—4 2 1) (4-39)
ZZT, RJIFAEDOREET 7 iZMEDOFERE, Lid 0RXy VBT, pi3X(4-1)D
EWRXER (4+39) BWRET27200R (4:40) poRDSND,
a R, (u)
fe “]fo‘(ﬂ) (4+40)
ZZT, JIR1RORy 2 VEEETH S,

Cl
0 F /
]
G 1

X
o
T

O : Calculation by FeM
—— : Analytical solution

Tenperature  T{°C)
.

d 30 &0 90 129 129 180

Time t [ @in }

Fig. 4-7. Comparison of numerical (FEM) solution with analytical one for
computing the heating curves of an infinite cylinder.

FHEAIL LT, PIHRE (T,) 4°CTHE (R) 4 cm OERMAE%:, AEERE (7o) 35°C
THIRER (a) 37.5 kcal/m? h-*COERFMH THHMBREFH L2, w6, BER (Cp)
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1000 kcal/m*C, BfnE K (k) 0.25kcal/mh"CL{EEL 7= DT, BILEE (B 0.25m?/h
D, pizR (4+40) 25 u=/3.19 DEEA VW,

BEDRER, R (4-39) DOREFEIZ Fig. 4-TCRTEROLBY £ o7z,

RIZ, Th o OFHAGRKEE AT LT FEM TLE L AKDHE 2175 - -8R, Fig. 4-7 1<
73 FEMf# (OFEN) LiEHifE (ER) OHERBRIR—HKL .

ZDEFE, FEM BORBRA T v 7 (At) i3 4 BHHSEY TH > 7228, FEM % EEBRRIE~HE
Ay3t&id, XRYOHLECRICEBRAERBEL T2 D & 5 R L&KL T,
FEM BBORERY (BRYAX, BEAT YY) 250» U HRETILENDH 3.

2) 3XTOBE

Fig. -8 U RTERAREE2EEL, HAMBREHE LR, 3KRTHEEHRCHHBRORE

WL LT, BERELTRKDSNBR (441" 2FIH L.

o R R ST R % e

22T, RBAZO¥ET, HIZTOEHETHS, oiZ 0ROy e VBT, u & vid
R (4°19) BEUR (4-20) OERXNER (441) BHETHHDOR (4+42) BLV
R (4-43) »oKRkD5N 3,

YHSN0 0000004

.
/\

cm
)

2

l:zm!

RN

— 4 cm —— Analytical

(2Rc ) At=2.5min)
Finite Cylinder ¢ FEM(

o FEMAt= §min)
x FEM(at=10 min)

Temperature (C )

0 10 20 30 40 50 60 70 80 90 100
Time (min)

Fig. 4-8. Comparison of numerical (FEM) solution with analytical one for
computing the heating curves of a finite cylinder.
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aRe __u(u) ,
aH _ ysin (v)
h 12:05 (v) (4-43)

ZIT, LiZ1RO~Ry VB TH S,

HERE LT, FIHRE (To) 35°CTHE (R) 2.0cmXE& (2H) 4.0cm OERARE
%, ABEBRE (T,) 4°CTBEER («) 37.5 kcal/m?+h*°C DEFRFMA THHMREFHEL
7o, B, BAERE (Cp) 1000 kcal/m3+°C, BnHEK (k) 0.25 kcal/m?*h-’CEL{RET 3
&, BIEEE (h) 130.25m?/h &%, pBLTvidR (442) &R (4+43) 5 u=
v3.19, v=1.193 DEZ A7,

RIS DFHARE (To) 2ANLT3KRITFEM TLELRAKOHER TR o
B, Fig 4-8RT &5, BEAT v 7 (At) 2.5min D & %D FEM fZ (@) IR

(R#R) OFHERBRIIBRS—H L. L L, FEMOAt2 K& 32 L FEMR IR L
EBL 222 tdsbh s,

Temperature [ °C ]

-18 H Room temp. 'Cg_
-20 130G
22 M/—/_—-zes
_2 -2663’:.
0 2 4 6 8 10 12 1 1 18
Time [ h ]

Fig. 4-9. Experimental time-temperature curves during still-air

thawing of a skipjack at representative points i and ii
shown in Fig. 4-4.



204 BRBRERELMICE $IBBE 2T (1984)

Lizd8-> T, 4% FEM (8 3 258101, RRFBRCHY T2 EHR L BEL b o 8f
PR % 72 i BROME I T 2 BTHE L LE L ¢, FEM BBORERM (BRY A X, At) 2H
HiCRET B Z &2 Le,

4.4.2 2WIEFEM IZ X 28fEAH Y 4 OBEHROY 23 v—v a3y

(1) BEALORRS ®—E L LIHE

AIRDED (4.3.1), BEA DB Y + DEEER 21T\, EBREROFEHEE* Fig.
4-9 TR 72,

24
22t
20¢F
B
16t

Lo~ o0 3SR
——

|
~
T

0 2 4 6 8 10 12 1% 16 18
Time [ h ]
Fig. 4-10. Computed time-temperature curves during still-air

thawing of a skipjack at the representative points I
and II shown in Fig. 4-4.

(T, =27°C, a=8kcal/m?-h-°C)

Wiz, Fig. 4-9 TR U EEER AR 2 RITCFEM 26AL Ty a3 v—ya r &7
v, ZOERE% Fig. 4-10 R L7, [RENEICB T 2 RAREEC OV THE L LTHAE
BROERRA W, Thbb, ZOBEORFIERSETAS(X)=0.74, §E(Y)=0.01
BIUEFES Z(=1-X-Y)=0.250ETH>7z. ZhdDRMEZBEEOHE CLE
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ThHd, iz, BRER(T) =—2.00C, T/HIBOWEM TA 8 £ U TB 43, ThZh[EL0.5°C
&L, &8, BERSEIX Fig. 4-4 RLI XD, & TII6ER, S1HimIC Lizds, K
ATy I DWTIXETROD & 5 1 f#HT#2 & FEM 2 L oSERLT 2384 D At=3000 %58 A 72,
Z DR, EEE (Fig. 4-9) LEEME (Fig.4-10) OWMEFOF/ERIKEELML T3 &
SiIBbhd, LrLiess, ftHETHYHRELZ—ELL TV, EREIBVWTHER
ERER 5EA (JiR) B$AvTuanT, FERTOY 2 3 v—y a Y O#FEMN %2 BE
WKHTsILlRTERY,

ZIT, RCHERLFER R TELIRI—HERT, RO LEWBUOREEERE 5
BIZOWTIRNB,

28, Fig. 4-11 CXFFHE TR - 8 R Ic 817 2 [REMEIC BT 2 BRESME2E
EETWRLE, 2D X5, FEMHETRERNLBEMMBRDONG,

(2) BIEELORS R ANILIEE

AROED (4.3.1), BB BOEE Y Y 4 DBREREITZV, EBREROBRHRE Fig.
4-12 (b)WRL 7,

Fig. 4-11. An isotherm field of a skipjack body after 8 hours
during still-air thawing on the calculated curves
shown in Fig. 4-10.

WRIZ, 2N S DERFEFEZFIHRO 2T FEM 2GHEL Ty a3 v—y a vy E{TRWL, 20
WER% Fig. 4-12 (a) WRL:. Z0BE, RENE2EENFREE 2 T, Fig. 4-5 KBE
HIE M (BisiNo: 19, 37, 41) B X URARIELRA (A, B, C, D) 22hFhRL 1.
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Znk3iz, EANEE (C) BLUHEEE (D) i) TRIEL 725D EHI{E (Table 4
-1) 2RV, BRER (Fig. 4-12) OFEE (a) L EEXE (b) IFHIE (1) OB
LV IBELESREL kot Bbh3d, Lirl, RBETIIHEME L EREL OIS A
DEENECT, Zhid, BIERMOAVvRELIZI 3 ERBEVEZONSY, HELTOD
ZD &S RREIZ 2RTTFEM DANRE2E S CHEBICANTE I LIk >TRERENS
tEZ3,

o} (a) Calculated

_30 Lt 1 1 ) 1 1 1 1 2

~ (b) Measured

Temperature [°C]
=
L]

Op---——— e e e i e e o PRI AP

-10 |
No. of nodal points: 19, 37, 41

-20 [/

-30 Ll i 1 1 1 1 1 1 1
0 60 120 180 240 300 360 420 480
Time [min]

Fig. 4-12. Calculated and experimental results of still-air thawing curves of a skipjack for
the representative points shown in Fig. 4-5.

Table 4-1. Water and lipid contents in the various portions of
cross section of a skipjack body (Fig. 4-8).

Portion Water (X) Lipid (Y)
[w/w] [w/w]
A 0.724 0.008
B 0.726 0.008
C 0.721 0.007
D 0.764 0.030

Solid content (Z)= (I-X-Y) [w/w]

4.4.3 3WTFEM 2 & 34~ RaDFHE » BEHBOY 23 v—vay
(1) FEEOHS
AeRIDEBEBCBI 2BELLE2LTMICOWTEIET 3 /-% 3R5T FEM 2 EH
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Temperature [ °C ]

Temperature[ °C ]

o ' 2 3 4 5 6 7 8 9 10
Time [ h ] Time ( h ]

Fig. 4-13. Experimental results at the surface A and Fig. 4-14. Numerical solutions at the surface A and B’
B of Kamaboko (Fig. 4-6) during freezing of Kamoboko (Fig. 4-6) during freezing from
from 22 °C to —18 °C. 22°C to —18°C.

a=11+0.11(Ts+18), T,= —5.0°C

%
24
173
12
o
o]
2 ';-12
- 5
5 g
H £
g -
53 -36
-48
-8
-60
-60
. T~ <72 :
72 0 1 2 3 4 5 6 ° : Time [ h3] ‘ : ’ .
me [ h ] . . .
Tee Ln Fig. 4-16. Numerical solutions at the surface A and
Fig. 4-15. Experimental results at the surface A and B’ of Kamaboko (Fig. 4-6) during freezing
B of Kamaboko (Fig. 4-6) during freezing from 24°C to —72°C.

from 24 °Cto —72 °C. a=8+0.11(Ts+72), T,=-7.0°C
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T2 iRA, 3, Fig 46 CRT IO, AWEENHPLELTHRaD¥ES
#3770y (A-A', A’-B, B-C) AP TEXRAIHEThot. BRAEICY> T,
Bl bRz &S, AR YT 2 K& SOERAEE 7V ORBITHE L FEM %38
BT, BERVA Ao VCREHAT v 7 (A1) 2RO, ZORER, At122.50LKD
shi:, BEEOBIRWIZOWTIE, FIRICBRIEBY TH 32, BWEEOHRI
BRAENLETHS, 22T, KFRIIHEMED X=0.778 (ERESF) A, BEOD
Y OfEIESTEEL .

22T, A7RIDOFEEEBREAR 4.3.270) DL BY DFETITRY, Tho O
% Fig. 4-13 BX U 4-15 Z—18°CL —T2°CIREBEDBEICOVTRD, ThdDHE
Hii5 % 3 KITT FEM 2 AW T ERORKETY 2 I v—y a v Lz, 206 DR % Fig. 4-14
B & U Fig. 4-16 i, —18°CL —T2°COFBREDBE DV TEThEUR L. ZDORKR,
SR (T)% —T20°CHEDHE I —18CHEE X D #12.0°CIBEL 75 Z LT & > TAMELSE
ehf:, ZORBIEOFEEARTIE, RERESBERTHZDELLIDEEZOR
3885, EHKHRETILEND S,

° /
.
w00 S
7
/

.
°
(e'-11) —1_." /
o
J
.

Teaperature [ °C ]
Temperature [ °C )

1 L s L s 1 " N
0 0 120 180 kL 300 60 0 60 120 180 20 300 60

Time [ h ] Time [ h ]

Fig. 4-17. Experimental results at the surface A  Fig. 4-18. Numerical solutions at the surface A and
and B of Kamaboko (Fig. 4-6) during B’ of Kamaboko (Fig. 4-6) during thawing
thawing from —18 °C to 21 °C. from —18°C to 21 °C.

@ = 24 kcal/m?-h-°C, T,= —2.0°C

—7%, RERCERIFBHCRERE (T, LHEERE (T,) OBEEZDRDIIHR
NRMBFEET 2720, a OBIEZERPDOME (a,) 2BELT, a=a,+0.11(| T.—T, |) &
L.

& 51z, Fig. 4-14 B X U Fig. 4-16 DHERRL b B L S, H~KRalE (Fig. 4
-6) KBWTALXYHMAICH 2 BREOHIEME (I, 1) DBEELOHBECELERE
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»ESh, 3WTOXRE%E 3RTFEM CiHETE 3 Z L@ ohl:,

(2) fREDBZE

LEROFEFEERE, ACA~RaBZR2AWTICCOZRF TRERZITRYL, TheDE
Fiiig % Fig. 4-17 BE U 4-19 TR L7, &1z, Zh o DR 2 HEDBE LRIk 3
RIEFEM TY a3 v—¥ a3 v 2Ty, FnoDER% Fig. 4-19BX U 4-20 i FhEh
RU7:. 3ICFEM D EER, HEDBA L2 AKkTH >, Lo L, REMEERE (a)
KOWTRY 2 v—yaryOffR, —EEBBoNE. 20D, a DEZENDBRE
HELTIRPRPRELEE R > T3, BREOBE & ARCHBERIOBRNTOFEE I
XrbnrEZLND,

20

0 r

-0 [

<30 |

Temperature [ °C ]
Temperature [ °C ]

-40 =

-60

1) 111)
0 0 -70

L 1 L 1 1 1 1 1
0 60 120 180 240 300 360 420 480 1 " i 1 1 I 1
[ 60 120 180 240 300 60 4
Time [ h ] w0z
Time [ h ]

Fig. 4-19. Experimental results at the surface A  Fig. 4-20. Numerical solutions at the surface A and
and B of Kamaboko (Fig. 4-6) dtring B Kamaboko (Fig. 4-6 ) during thawing from
thawing from —72 °C to 19 °C —72°C to 19°C.

@ = 20 kcal/m?-h-°C, T,= —2.0°C

BEMGOY 23 Vv—va VERE, EROBEDOI S CRERMBEEM L a1 o1, &
Nz, BEOBERBEIAKERERSE (BAOKSLMET) O@EARFMBEEOBSLIVE
WODT, EREMICET 28 EOBY R BEMESHEE b OMEHER GHEE) «©
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RKESHELLDDLEZD, ¥, a DEBELLERILENDZ LBbI3, wTh
ZLTH, 3RITFEM IZ X 2BHHRDOY 2 IV —yavicBnTh, HEEGEA) 2D
WTZNZNORBEMBRBESN, SKRITMREELSRDOT I ENTE,

BEED, AVAREBIVT7 4 v —0D& 5 CTER « NBDOHRTHET, & 5I12HE
RS BE T BT 30 - REMEOBEEMEITIS, FEMOEAIC X DEREL R o7,
ZOZ LY, SHEEEAROBES X CREIGEROER K Y v 7 & 0BG REE O 8
ZHBWRICFEM BEWFRICL 2 L E2 5, 512, KERMBOEER, BE, B0k
BB b ICARREL Bbh 3,

BED &>z, FEM iZXKERZOML « R0 2B 2 BRZE B X CHLEEED
YaIv—yariBBLRERIDEEZIONEZDT, SHBRBEHICHET 2BEHEORBHER
HEFMMOZFAR WL VHERE2 SO ALEC I NEND S,

4.5 E

KERBOREE « BEEARBCB I 2BEECOY 23 v—yar2Trdked, 2~3RK
T EEERCHUE LML Z L 284k, UTE, ZhoDEROBEN.2T 3.
1) 2RTHEEMGHEBEDY 2 I —y 3 v~ 2K FEM 28HT 2 729, HE{LD 2
VR I D INZABRARIC D VW TRESRDARITETE & 2 RIT FEM &k 2 BERHH 21Tk o 7.
ZD#ER, 2XTFEM ORERIZE X S BRY 4 XL CHEYRRMA Ty 7528
ATEZ Lo THRIMRER S —BL T,
2) 2JCFEM 2HEAL T, HSH V4 OBEMRE Y 2 S v—y a3 v LR, RiEkE
KBWTHEYMEEEZ—EL LIRS L ZOME%: 4 BAr (FRIOXRE, NE  BlloXE,
WE) 2w TZhZThOYMEEERWIIEETIX, BREOHFHERMEC L VEMLZEHE
HES Tz,
3) 3RTHEEBEMEHED Y 2 3V — 3 v~ 3KITT FEM »EH T 3 720, L%
WHERRMEOBRHBERIC OV TREROBITEE & 2 IRJT FEM I X 2 BEHHE 21Tk o 7z,
Z DR, 2R FEM OHERIZE 2 o - BRY 4 2t L CEYREMR 7 v 758
BRI ERE>THEMBLERL BT,
4) H<RaDWHKE - BEERE ST FEM 2 BAL Ty a3sv—yvare2Rake 3,
HERE & TR « BEOVWThOBE LR —BL 7.
5) A<RaRHIEZERPCHES L UHET 258 DREBEEE (o) 13,506 72 13 E
BROFHICE VW TRERE (T,) LHERE (T,) LOBREZICL > TERNRMSREET
Bz, FREOBACHIEZLRPONE (a,) ZBELT a=a,+0.11(| .- T, NE¥
BRI,
6) H <RI DTS (TR EEBREHR—T2CLBERORS, —18COBE LD T,%2°CE
SLTEHETILEND -7, ZORMILOFFERETIZ, BEBESBERTHL LD
LD LEX SN, SORHNLET 3,

BEED, KERRZBT2HERS - BHEICBT2ZBOFHE-IZY 23 v—y 3 V5T
BB o,
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BIE HEHWVFOREICHT 3LRASHEEDRR

5.1 #& g

FRADKEOEBNERL L TOBMEENFHIC OV T, TTEEL OENDHD,
FRZOO0DFESRHEEN TS, Lo, FRFROBERABIC OV TOREIILT
Lb—BLTWwiaw, B iE, Anperson 5 VI3 E < » 5 & 2 h 2 EERKE (TBA &)
% herring O SH B CEET 5 2 L #BHT V288, Borra &' id halibut TidAER vt
BWEL, E7E4EDyer 5V IC L o THEAREBELELOTERT L LCHBEIATHE S
V87 B () IHMEC LT, Lauber 570 red fish 2 DWW CORRTL T L b RE
KEEL 2R o7 LTW3, ZhODFR—BORRR, BrbH2, ZHrThABICL S
HEEROEESFEZ—RTH2 tBbn2 ™ vabb, AEEROEZV I3 LURLEE
iz B 2 BHEORLN A ICHET 205 Ths, Lizdso> T ERISHEI 81 2 F—%
RBFLHIEL LTORESERT 2 b0 TH<L, LAARNL VLI, EEOAER
BINDBIRGBA %1305 2 LODERETRL TV L Bbh 3,

DX RBE»S, ZORBRTREREY Y E2NRICZOELENREICNT 2 5E01L
FHREEOBFRELSNR, ZhoDBER» S FEEL L ToE s L USEA LORE,
2o MCEEMEEDBEREEEL -,

5.2 EBRFEZE

5.2.1 & #

BRES L UNIBEATHICEA49EIOE~1L2ACBERIT I N KB Y A 2 BB T2 40
BREBEEAFL, ZOEHME—25°Ck 721k —40°CHTEGHREL, ¥—10COATRE ICRE
L7z, 2L T, 204956 HE 1~ 2B T O L TERIZM L, BRA Y T 0EWRIBIC
B2 FHORKEL L UCEREIEREWE (A) 41.6cm, 1.2kg ; BiFmmE (B) 50.2 cm,
3.0kg ; EAMESME (C) 58.9cm, 3.3kg; AXKEWE (D) 55.3cm, 3.7kg Th o7z,
5.2.2 EHRE

REIR, BREA (LI, 2YF) DEEEES L UVRARREEDR 3~58% /%R
EL, BRARMEABICHTEBEBAI DL T, BEBBEED 7 4 LV —D—2IZDWTITE >
oo BBERIZE ==« 74 VATZEIZEHR, 15°CKPTTRY, AERBBS5°CITEL
RRICEMUCHIL 72, MREIE, 5ERBETEREE (5 1BV, 4 I DPPHV, 3 LE, 209
%5, 1:4%) 2k, 58, AEBITBAECOWTEHEL 72,

5.2.3 fbESH

ERREINL 74— B2 74 v—X D ERO—EHL LD, ROKEEICD
WTENZTROFETH LI, T4bb, A b3IF 7oty (Metmyoglobin) 4KE=
metMb (%) REHES DHE,™ ™ X7 v 4+ FARE KE) =KV (%) i Jones 525
X U Enra &P 0B ML L 72K S P O FE, 72 b 34y YO (PS) B X U
BEREN (AA) 13 Dver'™ B X CIIIB 50 HE™ IEMKE (TBA &) it Witte 50
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Bric . &5z, BEOERILWE (POV) 8k Ut (AV) daE™ kot
18, FUABRAHARREBIC2ET 2O TITE o7,

5.3 & R

5.3.1 SEOEREFHIh

HEEREICBIT 28 ANVOTFAR, BRABIUVRBER (741 —) KO2VWTDEIRE
NOBTRESERIZD Shixh o7 (P<0.05) 58, MEDHETIRHS»LICENDY, Fig.
51 RGN L7 4V—ROVTOFABFEFBARAZOVTOLDLNIEL, 74—
ROWTOFHENE VP Lotz bWz 3d, 2D d%ENE, i IRFRICEIT3ES
BOWRE, SAVORBRAE»SEZ, LAYURLEDNhS, LI#>T, ZOXRRKE
I 2RI EEE NS 2 DDRBE L L TOFRICKE, FRHACODVLTOHD, 7
B74V—IZOnTOHDIBEL TCUTHEALRVDIFIZIZhrEhoTe,

5t o
@ o o

=)
ﬁg 4} e O (3
“_c A X OX®
=S

So 37T AA Yo @

X
e ¢ o
«" 2F
*k

b r= 0.61
5
v 1F

1 2 3 4 5
Score- for fillet
after thawing

Fig. 5-1. Comparison of organoleptic scores for frozen V
skipjack and their fillets. (O, @, Aand X:
Lots A, B, Cand D. **:P < .01)

5.3.2 MEXT 2 MEEOBR
FROEHEY S HBOFHRICHEBRAICOVTORBRE2H T, Thicxtd 3 B(LFRRHEE
ThH 3 metMb KR, KV, PS, TBA{E, POV B & U AV 0BfR*% Fig. 5-2 ic/mL 7.
Thbb, BEACR COBEE RECMEL TV, BEORERXFEOEEICE-
THRVFRLTVWAE ZEtbhs, ZOMERRICERK L EBEREK » L2055 2
L —[BEERE T, metMb £FE B L KV Rt @B L IZIZABRECEWHEERH D, |
RESICB T2 EESEES, BHEFA 12y MURT/AEL, RECKT 2BEEEIIRER
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KV metMb AV

60p* 60}* o 120 .
.8
50t o 50 .
a ° aade 8
40% R 40} L
30 N\, 30

PS o TBA
% actomyosin/ 0.0.x10 meq/k
801 " “total e o
sot protein 0 200 g*
4 -]
40 .8t 160
30 6 ‘ 120 S’
.6} ’ a
" . e, o\ ®
. a 8o}
:\:\?\ r=-0.67*
10t .2t ° 3 4
r=-0.34"-5" 0 o B
1 2 3 4 5 1 2 3 4 5 1 7z 3 4
Score Score Score

Fig. 5-2. Relations of chemical characteristics walles in frozen-stored
skipjack to the sensory quality. (O, @ and A : Lots A, B
and C. *, ** and *** : significant at 5, 1 and 0.1 % levels,
respectively. n.s. : not significant.)

ENEHEODTROKREN o, FDH, AVid » DBEEMN, POV RIE¥EZDE TS
D45 572 h3, metMb 8 & U'KV OFEOBEMEIGES o7z, Lo L, TBAES XU PS
BHICHBERER TR, EEEEVEETR12=v bDIFIR2MEHD, REICNTIH
EMEIZE LB o7, 2B, BRLE» o708, AA DRE KT 5HEME b PS D&
BUL TE» o7, UEORE KT 2BEROMERIL, BRENGECHBEED7 4L —IZ
DVTOFREDCRBEVRAKTH o/, Lich>T, BREAVAOREREL L TOH
BRI TC—EFE LD THBELRAETH o, LiedoT, EEAVADOREEELL
TOHEER T TIE—HEZ—RICHA>NTWE LI, ZOERTORMEF TIX, metMb,
KV, POV B XAV IZBWTEWEWZ S, Ladb, TBA Es POV L Ak IRERLE
EFRLTWAIZb b S THENMEL > -0, ZOHEEICRTE NS TBA RIGWEL
RO L —HBR D, REAOSHCFERTAYEDOS 2R LT3 ™ 2 LitER
LTwahd L,

54 F &

5.4.1 {LZEREBMEORBEEEL L TOEB
metMb, KV, POV 8 XU AV BSREHEE L L GERAE NS DX, ZOBEAMLRED



214 BRBRFREFMCE HBBE25 (1984)

BETHY, 3LHEHALELDL ) REESLELE EBHESMZENZLENHZ S, Ly
L, ZhODEBEDDITIXIOERICBIIZ2EE, T—7HRLTLTATRL, L
2BV EBbNBDT, FIROEREREERICL TH—IEDHETICIED B L ah o,
ZDZLRARBICLT, AIRROKEHREOEACHLETOERRUTERAAL, 7,
FEBIGREK » &R D & 3 F 5, metMb £5KE, KV, POV 8 & U AV L #iz#50% T
HEVEL RV, 22T, TheED 5 Lo EHE,” BRMiI2RATAE. T4bb, Fig.
52 DEER» 5B SN2 HEICHT 2 metMb 8 X U KV O EHBHRSIX0.79, L1 d85> TH
53RI13#163% & LA LERRIC BT 3 FHEELZHMRR/CBIT50.62=y bizL, 0.5
2=y FTNEL R ot FZT, 5T metMb, KV, POV BX U AV 0K 2R EEE
1BEORE N T 2EMREBEHIIKRDI, Thbb, Figh2 281} % 4 BORMEICHE
THERET—F 2T EhZThIC BT 2 BEBRE, EMEBEFRES L CREMGRE2EH
Lz, ZO8EEM Tablel KRENTWVEH, WTFNLOHESEOHS b BHEEIC L » FE5XK
IXEE D, metMb 8 X O KV OHMEBFHMY Fig. 5-2DBEL VLR VBEVLID D> T
BRI AT HHFERITHSRLLE, & ITKVBEERCASBEIZHB0%LUELET
Hotl:, TOZLiF, FEHEELLTCOFERCB I 2BHEAFIAOERALE2TTEWVZ 3,
7 ZCRIER, SHEOERFELOMBEIRAIL LTED X S ZBMEOHEAEIEY» &

W Z ks, LHL, ZDHIR Table 51 DEMEER BT 3 REMRED» S H 5 RE
WETE2XO>CEbN2, Thbb, FBINT 3 ZNZhOESE BT 3 REEGREK

PoDHIBEWMETCELLITHS, 22T, EHKABHT 22N ThOESR BT
2 RGEMEOKEE YA 5 £, POV-metMb, AV-KV O&BEIZ % F i metMb % 721
KV D& EMICEEL TwBDIINL, 2hsUAOHEEE Tk, —FNEEEL Tidw
MDD DR Y DBREEANCHEL T I LBHEEINI NS THE, 2D

Table 5-1. Carrelations between acid value (AV), peroxide value (POV), metmyoglobin (metMb) ratio,
nucleotides-degradation degree (KV) and sensory quality (y) in frozen-stored skipjack.

Simple
%‘::%g;:{' Partial correlation coefficient
-
AVy —0.72** —0.92*** —0.49%2 -0.20 — — —
POV-y -0.67 —0.50%2 — — -0.16 —0.57%2 —
metMb-y —-0.80** — -0.66* — —0.60* — -0.37
KVy —0.89*** — — —0.77** — —0.86*** -0.711*
AV-POV 0.52x1 0.07 — — — — —
AV-metMb 0.61* — 0.08 — — — —
AVKV 0.74** — — 0.31 — — —
POV-metMb 0.76** — — — 0.50%2 — —
POV-KV 0.50%1 — — — — -0.29 —
metMb-KV 0.78** — — — — — 0.25
Multiple VAV-POV-¥ VAV-metMb-y  YAV-KV-¥ 7POV-metMb-»  ¥POV-KV-» ¥metMb-KV-y
correlation coefficient 0.80* 0.85°** 0.90** 0.81** 0.93++* 0.91°%**

*+s s o x1and x2: significant at 0.1, 1, 5, 10 and 20% levels, respectively.



AR BEERORRR 215

ERATEDOBACRYURESFAL L TORER LI L 2EKL, BEEHEBCL2FSE
RIZEAEDOBATHRTIELALHEMNASREZ Y, Lird, ThoDHEHEBELTH
BRpHdZEix, HELD 2HEOHEEOEILBZNZNRAKROBRMBEEMERCEITVTY
3ZEThB, Thbb, POV-metMb IZ B} 3 Wt EOE bIZ i IERERABLIER
X2bDTHY, £/ AVKV OB HECBRNMEEMRICL2 Z LIZAMDETH 3.
LizdioT, MBOEEHEL L TOBY IR, 2hFnoEe2 b o TERHORR -7
bOMWEADLENZREDDLIBHINSE, 2L T, ZOBXHTOFSXRLEDETER
ThiE, ZOEBROKBR»S>RBMD, POV-KV, %7213 metMb-KV ps#E&HHE L L THEY
rwxd, bb3A, ZOLDREEHOEARERZ, ICALEMES 2T I LTk 5,
bEb LRREERDREZCONEIRADHS LRLT LA TRLS 5, EdL
ek S RFRRRORZ 2 EMHEOESFIARUREREINTIVEEDbNS, X, 7T
iz Conner & """ 135 cod, 3 & U halibut DSREHAEL LT, & > 87 Bt L £ XS
P FUERIMNIAFAT I VOESHELY LB RREL TS,

FIT, A5 IS BHELPES L CEALLBESORE~DERE2RDTH S &, Fig.
5-2 @ metMb-KV DR 5 1% y=5.49—0.026KV—0.029metMb 238851, 2hdic X 3
ETEMEED15~20BDEEHBRED 1 2=y MBIk, —HIhboiEEsh
Z2RBELORRIE, HHETA2.MHYMEE L 5 L TEMEE b55% LB 5, £7: ZDBER
FRBEED 7 4 V- DOWTORERE2HES &, y=4.61—0.0297KV—0.0197metMb %%
Bon, FREKOBFEIINR2%ERZDETLVLODERS, LrL, ZhsDEIZET
— I ET S TV B D™ T R T A —B L 7z,

5.4.2 MEEMEOBK

BIEMEOEASHEIZ YD LI KEELE> T X, REHEEOMEL 3 3L
RBELORANMEL LTEETHS., OB IOERERL SEET 3 DIIARMER
BN, FIROMEBEST (Table51) »SEBL L S, BT 2 EHEES
KB ZEEED, HAESTOBRSTR120BEEOACREINIENLSTEE, &
HER BT 2HEEOREBRED > DERIE, HEHEHEZOBRIIHLEDI L bEKE
boXk3Bbhd, 2D/, Table5l DER» A B L, BEAEBEEESZVY»H -
THRERIITEL, HABRIIFEDHE Y, 727, POV-metMb D #1320% K¥ETERETH
D, TREFRETBMY, ThoOHCBHEERFRRDZ DO EHAENS, ZLT 2
DBEEALMEESYHIEERI U U CHET 3 L yBEY Y hsacbmids
n3, ZOBEPRREIE S LHERIIIED TEVH AV 7213 POV & KV £ OZE{LDORH
ZHA S hDOHEBREDZLEVEI B3,

55 ¥ ¥

WA Y A OERNRE T 2 BEOLENIFEE (metMb £5%, KV, PS, PA,
TBA &, POV, BX U AV)DBEREZHEANR, ThoBEORBERIEL L TOHEARS L UHE
A ED&BIZOWTUTIRER L 72,

1) BB 2 HEESEEIZ, BEEACOVTOBREABREVWEZDBEE LD b BE7 4
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V—Z DWW T ORI OEDFE B > T2,

2) BHARE T 2 EOBEMEIZ, metMb &K, KV ERFEREIZE L POV,
AV 3 ZNIGEL o 7208, TBAfE, PS, PA TRRWTFHHEL RE & OHEERTED s h
o,

3) KV, metMb %7:i3 POV L D#EAD, REEELLTIVERR I L8fEEEI T,
4) metMb4ARE L POV OELOMIZ IS »DEHERGEOH 3 2 L BRR Sz,

F6E FERACSUIAHLTILOERE
EKEHERBICK 2 AET LS

6.1 #® §

REYOBRKMER2XET 01X, RE»SDOREBREL 2hoDRBICHIET 35
BECEESELBEREEZ 2, £/, RROREELCHECRIZTHERT L L CRE,
pH, BRRAEB L UASERZ EB LT o328, s DRFERBEEL E OBEHEE S
RN RBRRE > HEOECESNTFHTEs 5z Lk s ™™ Lnliss, A
BARBEHEOEMS D, RELLORICEERGFRSDZ L, RBEMIHES
MEEBEOEES Chr>0RELBRbh 3,

ZIT, BOSETHRIELLII CHERBADKEREL LTERAKDOE» > KE (X271
AF FHEE™) 8L U metMb £RE (£ h 470 VEREY) 2 2hThy Y 1 EK
DEEER L VEEERE L THYL, REREERECBIT 32N DREL(LHEE 2FART.
wRiz, ThsDRERCEEOBERER 2B NENSLE (B, RBJOBE®E AL
F—, A FEERF) TRbT I LE2HRAL.

BRI, 20L& RLTHLNLREERCOBNZNHEE (B, A) 2#ERALT, BE
BEDQ L > WHRER (LAY A) ORKELILL LEBHT 2 BE0REEL 2 REEED
S5FHT B L 2RI,

6.2 RERFE
6.2.1 & #

= %% (Pacific mackerel, Scomber japonicus (HoutTuyN)), F ¥ 1 (Sea bream, Evynnis
japonica TaNaka), 8 & U YA (Skipjack, Katsuwonus pelamis (LINNAEUS)) DREREH
FrmRAEZAV, ZhsORBARBARES KEKRICHL T, —REERE $—10
°C) L. Thod7 4 v—3KERBRE CHRRE L CEREES X URBEEREB 4
L.
6.2.2 RERER

(1) EERFREZER

74 V—BEE—-KRTORVEME=VFY - T4 v 22EH, —40,—10,— 5, — 3,
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0,+10°C8 & ' +20°COBBE ICREHIH (£0.7~1.0°C) S hBERFCANT, EEE
EREAR (Tl otz 12720, RINBIUVF MO0 TR—4CCORERBRIZThbiad
27z,

—7%, REHEESIIEORERE ICFEHL T oRFNICRREZTRVL, BEB L UEE
2HET 2LEMTEITR 072,

(2) RMBEERER

BAIC, & 74V —RE0SE (K{E, metMb £mIR) DTHAE % HIE R, #E X (C-C, 0.3
mmg¢) REAATRVIBE=Y F o7 4 VAZEL AHRBEHRBR TR o7, 74
L —RE0REEHRERIZ, R ERERSB» SEYZRFMHEBTHLANLT, —10°C
~+20°COBEMTRBEH PRI LTITR o7, £, RBEBORMIZ, #I930~508FH
DOEHTITR > 7z,

BERIEICI:EBESEET (BMERR, ER-40368) 2MEMAL .
6.2.3 fLFES

K{E#5 & U metMb AREDHIEIIHESE (5.2,3H) WikRI@EY TH 5.

nB, KEAEOA A TR u~ 757 4 —5TR, 44 RHlE (Dowex 1 X
4, CIF'HY) i3, RIEDMHE50-1002 v 2D b DENE0.6 cmgDH 7 A 47 LATFEHL
THW,

{2 HEL RPN ORAIR, Fig 61 12RT & 317 4 v—DHREFOEHEE
A% 1 cm [ERRICRIFENCYIR - TITR o 7.

1/4 —’T— 2/4 -———’r—'l/4
(Head) r— _’I (Tail)
___%_ E._% Dorsal

Ventral

Thermocouple

Fig. 6-1. Sampling of dorsal muscles from a skipjack fillet.

6.2.4 RBEEL»SOREEE
RENTHT 2SS, 1 RRIEDEL® 1 RKER & ArrEENus DR L DR TRDbO S h

28, 135)

T3,

2.303log (;2-) = A [ esamr at (6-1)

T,

a=4I5HE

%= t(h) BOZE(E
a—x=t(h) BROfE
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A=HERF (%

E,= bz AN ¥ —, (cal/mol)

R=# AE#, 1.987 (cal/K+mol)

T =#xhRE, (K)

ThH5.

ZZ7T, KEBX U metMb% (X b 3470V EREK) DB 1 REIERICHES D
ELT, R (6+1) DFEA%2EZLS L, t FHERDOEEE o/(a—x) TROEIDTKIHE
B I U metMb%DBEDEMRIIRDE I CLTRDZ I ENTES, Tibb, KEDHE
BRVIBEE K, ¢ RFHBOES2 K x5,

a=100—K, (6+2)
a—%=100—K; (6+3)
LY, tRERO K EORLRE,

a/ (a—x) = (100—K,) / (100—K,) (6-4)
THRbLE 3,
—7, metMb%DFE b FIkC, FIHAE % metMby, ¢ FERIEDER metMb, 2 35 &,
a=100—metMbo (6+5)
a— X,=100—metMb, (6+6)

ez b, tERI%O metMb%DELRKIL,
a/(a—x;) =(100—metMb,) /(100 —metMb,) (6+7)

TERbE 3,

Lal, ZOEIRBECTBITBZR (6°1) DEBIUA R KMESB XU metMb%DZE
(LEE (1 RRGEE) »oROLNZ DT, hsDREEEEDREREEEED
+ R LB E B,

—A, R (6°1) OELOBAIEDEIX Fig. 6-2 1R T &5, Acexp(—E,/RT) k¢
OBIFEED LT, ZOMBTOEM SHERIC L > TkD o2 ® vabs, KM
B (A 2258+ hIE, R (6-8) OETRTERARD Kk VRS an 3,

! _EJRT 34 — |1 (S .
A/O e dt—{z(yo+yn)+nz=llyn}dt (6-8)

ZIT, At BRERERSEIERDL, 3 %s Yoo s Jno I 1 meAL (0= 0~n) REEICE
7% y(=A-eE¢/RT) DfER ZTHhThRDT, )

Lo T, ZEEBROFAIZAt=1/6 (h) £ LTR (6-8) 2FALT, HiBLE2E
ZTHED KE (BE) 8 XU metMb% (B%F) ORFNEL2EFHEBRTHEL TR
7z,
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¥, BEBFEHERIZ FACOM230 (BREAFEFIHEMRE) 2EALL.

2 Yp Y3
'E -Vo v
= t
%) AS o-Ea/RT gy
& A nin " n °
Time t [ h ]

Fig. 6-2. Numerical integration of determination for

A f‘ e—EaIRT dt.
0

2.0
N — o -20°C
“ 1.9 -10°¢C
@
3
?
x~ 1.8
' Mackerel
8
ERR ;e
-

1.6 L L L

0 120 240 360 480
Time [ h ]
7 -20°C
-
— -10°C
'}
3
E
b3
L}
] oc
=2 +10
= Sea bream
o
Sar
+20°C
1.6 1 1 1 1
0 120 260 360 480

Time [ h ]

Fig. 6-3. Decrease of (100— K value) in the muscles of mackerel
and sea bream at different storage temperatures.
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6.3 RERERCER

6.3.1 BERSEECSI2HEBEAOKEETEE

— R BEGROBEEL LT K @AV ST, 22t KEs (100—K
#) WHEL TR LT3, [@ifns, b3—FRECHBIT3 KEEL: (100—K &)
DRPMETROL, BN X-YEEZ 0y b2 hs0BRIRERERY 1RK
ERTERDEZHSTHB 22T, w43, 54 BEVAHY 41200 THi (6. 2. 298)
DEBREBEICH T 2 KEELZHAN, log (100—K f#) 38/ (h) OBETTay b L
TFig. 638XV 64 ZRLT:, ZORR, RABL b ThORBEBEIBLTLINSD
BRRERL 2D 1RRIERZE-7, £, ZhoDEBROME S » ZERED & B/ Rk
E>TRD, BERTEEER (k) L L. 20KR, FEAADRBETEEIZOVLT
K> SNTk DfEi% Table6-1 8L U 6-21R LT, TRSDRERL Y, BARDEBEAD
kA BEIMEIZE, BAEIZ/NS K B BBEETHEISINS Z L3bh 3,

EEOMNEHELL (10-K{E) ofEiz, ATP BEmERE™ x4+ 2 (ATP+ADP+

Log (100 - K value) [ - ]

N L L L
0 48 96 144 192 240° 288 336
Time [ h ]

Fig. 6-4. Decrease of (100—K value) in the muscles of skipjack at different
storage temperatures.

Table 6-1. Rate constants of freshness-lowering in the muscles of mackerel and sea bream.

Rate constant £,x10%[h']

Species
—20°C —-10°C -5°C -3°C 0°C 10°C 20°C
Mackerel 0.09 0.19 0.70 1.63 2.35 7.59 17.27
sea bream 0.05 0.11 0.40 0.59 0.96 3.92 6.96

%) ATPBEmERR ™" =ATP(7 7/ v > 3448) +ADP(7 7/ > > 2 Bi)
+AMP(7 7 =/VE) +IMP(4 / ¥ Y B) +H,R(4 / ¥ V) +H (e RFH > F ),
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Table 6-2. Rate constants of freshness-lowering (£;) and discoloration (%;) in the muscles
of skipjack at different temperatures.

Rate Storage temperatures

constants —40°C —30°C —20°C —10°C —5°C —3°C 0°C 5°C 10°C 15°C 20°C
krx103  0.05 0.10 0.15 0.27 1.44 3.41 4.17 6.60 13.70 14.00 24.10
[~

keX10°  0.03 0.13 0.29 1.17 2.21 5.18 16.30 35.90 96.70 230.00 270.00
(h]

2,04

1.8 '\%\

Log (100~ K)
+

1.5

0 2 4 6 8 9
Time [ day ]

Fig. 6-5. The difference in changes of K value in whole fish samples among
the same species of mackerel at 0 °C of storage temerature.
(O, A, + : Individual difference of samples.)

AMP+IMP)REDLE2FRDL LA L DT, AL L BBV TI2OTHEET2RbTICIE
FEFleBbhlk. LorL, KEOHAZIARMOSVRHEE L bEMT 2ETHS L, —ER
BB T3 log (K &) OERNELIZLT L OERNEZELE RS EWD, KE:2Z0DZ
FAVIORBE TR T,

—H, ROECEEZOEEN LR, FHIICHARIER% Fig. 6-5 KRl
CORBRIZHERALLER (=9N) R 12ABCBALLBZOBETH S, iz, ¥1H
DEAIZEIR 7 4 vV —RHB O, B RED 5 & (Fig. 6-1 OFHRER) oW T K1#E
PE %2175 > TR, ZOERE, (100—K E) ofEidiExttttRbE N3/, ATP BE
MERBOBEERZEZ L IEMEC L 2HIBESLICRIZTHE R L IV D L ¥
ENndz, &7, VI KEOREMITL Tk, 5 AOFHED S +0.6%&HHENTH D
NTY FIZINEIpoTe,
6.3.2 HEREERECBIBHEEY YA DEERE

— iz, REABADOEEAEL LT metMb%osEbn 2" 03, KFHTid 2D metMb%
% (100—metMb%) iCZE# L TRz, 2DEBE LT, ZONBELERC 7oy b1
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BrEHBMRELY, LRRERICHI b oTH B 21, B 51z~ 7 niAs» & 508
L7: Mb 2FIF U T HEERMLEE 2 BIHRE T, MbO,BRERDERNELIX 1 REIGIC
BHEZLERELTH S,

7 2T, Bk (6. 2. 25) O BFEREEE T D\ T metMb% & RREEHIZ HIE L T, log(100—
metMb%) SMEEEIOBHR Ty b L7:D# Fig. 66 TH3, chon7ay Mt KEDE
BRI, TRTCORERECOVTHESBERELY, LRRETHE LEL SN,
1, hoD7uy FOERREPEN-RE"VCHEL, Th50HAED S>EEHET
8 (k) #3K® Table 6-2 IZ brt—#EICR LT, ChOoDBEREID, HVABHAD kT kD
e L ERICRESMENE, LOBI/INSED, BESIE SIS 2 Litbhd,

%35, HAT S D#E" CAE Mb 0 E BB LEE 1 MbO, DR I RE LR & 285
BHIZLTWBOT, EEES & U X 2 9HHED MbBE DLW TR L KERLE
Mmooz,

O——F f— 40°C
-—O0—-20°C
W 0%
-5°C

Skipjack

Log( 100 - metMb% ) [ - ]

1 1 1 1 1 1 1
) 0 48 96 144 192 240 288 336

Time [ h ]

Fig. 6-6. Decrease of (100—metMb%) in the muscles of skipjack at different
storage-temperatures.

6.3.3 BRAOHEETHES I CEEHEC BT 2 BEKREN L 2 OB/ 2aEE

(1) BEETHEEOREKRENE

Table 6-1 3 & Uf Table 6-2 1275 U 7= RHEERAD kb, DIE % FEEE EXHRE) DML (1/T)
LT, P 7oy bLz7v =y« Fuy b & LTFig 6-7TiZRL:. ZORIL,
BREDL B2 BERELEE2EDLTLOT, AMERIL Y — v Ol ERLTEY,
FfEfR (—2.0°C) HEE —1CIBEREHMAEELTWS, Tbb, EESALEICAL
RDSKRFEFEIRED & FREREIC L2 L, WTFho kg d AEBRiIC D, —10°C 8%
BELLWIOMRABMER>TWD, Zhid, FERBEUT OKBRERIZ L > TARRKEK
DEMEE & b IKDIEE (a,) DETHEIY, BENRISHEFNICE S BERRICHAIZT
ZohicbDEBbhd, £/, —1CCIHEXBE 2 LA HBRROIPPRGRER>TY
3, Zhiz, —1°CUAT TRADDIZ L A EKET 3720, BHEASOESD % 2 D EEER
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RISOEESETFT LD EBbN2, LizdtoT, —10CUTOBETHE, kot T 28E
HEHNELRD, BEETELE XS —EEIGETL LBRbh, @METHE, BRI
%3 & HyR 8 X U HyORMb5E L ELET 2 DT L, BN RIEHSHGET 2 L Ebh
35, Lyl, 2hid, KEZAET 2BICHEER 28> LT 3720, BIERDORE
FRIZED X2 VEAF RODENEVEAZ D EDEZONS, T, Zho6DZ EZHE
LT, Jones 5 i35 F % BEEH L 7254w IMP OB £ HyR, H,OBHIZ —20°CT ik
T 5h, —3°CTRED SAd ol LREL TV, O b, —30°Cy> —26°C,"° 5
L U—16~—18C" DB R L TLEPAMR 7 LA F FOZELLE I kol k
WIBREDHEM wFnicL Ty, KERHET 2 BOMBREORE FROBEI IR
wEBbhiz,

X512, Fig. 6-T IR L7z 7T Vv=v A-Fuy b Dk higd» o> SERAROHEEETEE 2 H
BT HILNTES, Tibb, RERDH VI B LU O kHRIE —20°C~20°COERE
HEEICBWTHEADF VA DHBREIV EicdY, —Ricvbh s X5 KREAVPBEFAL
DEEEETIE O Z LSS BIChbY S, £, REATIZAY A DFILLRAEER L b3
HOEWHLNBEY NI DEAEN 0 CTH2BELEREL, »VAIOBREEFR T CER
T2 0ENH B L Ebhi,

20°C 10°C Q°C -10°C -20°C -30°C

T T T T T T
xod L |
B Key Species
o Skipjack
10.00 L] Mackerel a
- Sea bream -
—
F._ — —
=
«
o
1.00 = -
0.10 |- -]
0.05 L ! ! L J ] .
3.2 3.4 3.6 3.8 4.0 4.2 x10°

el

Fig. 6-7. Effect of temperature on the rate constant
of freshness-lowering in the muscles of
skipjack, mackerel and sea bream.
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EZAT, b, DBREKEEE2RDL TEENSMEE (B, A) BFig 6707 Vv=7X7
oy bDkERL D EHAFHOERTAOAR LS 7 V= ADREAWTHEENS,

k,=A-exp(E,/RT) (6+9)

ZZT,

k=1 RRIGEEES, (h™')

A=5ERT (EH)

E,=FEM{bz a2 ¥—, (cal/mol)

R=#RAEHK, 1.987 (cal/K-mol)

T =#xtiRE, (K)

ZIT, YN, FHMABIUVHY A OBEETEEOBERENE 2RbTEBII¥E0SYE
8 (E;,, A) 2ERDX31CLTRD, ZhoD#ER% Table 6-3 8 & Uf Table 6-4 iz 437
TmrL7z.

Table 6-3. Apparent activation energy (E,) and frequency factor (A)
in the muscles of mackerel and sea bream.

Species Temp. range E, [kcal/mol] Al[h1]
Mackerel Above —2°C 16.231 2.269% 100
—2to —10°C 41.455 4.886x 10%°
Sea bream Above —2°C 15.819 4.852%10°
—2to —10°C 33.615 7.178Xx 10"

Table 6-4. Apparent activation energy (E,) and frequency factor (A) of the rate of
freshness-lowering and discoloration in the muscles of skipjack.

Rate constant Temp. range E, [cal/mol] A[h]
Freshness-lowering (k) Above —2.0°C 1.399x 104 7.294 %108
—2.0to —10.0°C 5.092x 10* 5.272X10%
Below —10.0°C 5.478x10* 8.024X%10
Discoloration (k) Above —2.0°C 2.521x10* 2.239%10'®
—2.0to —=5.0°C 9.054 % 10* 1.321x 107
Below —5.0°C 1.829x 104 1.836x 102

(2) BEEREOREKENE

BFEREREICBT 54 Y+ DRBEHAD k& (Table 6-2) % k, OHF/E LA, 7V
=7 A«7ay b LTFig 68 ki & —ETRLIz, S5, 7V=7RX 7y bD
ke BIARD & ke DFE ERARICL T, b ORBEEREE 2RO TEIZNEMEE (B, A) 22X
&, Table 6-4 IZ;xL 7=,

BB, TV=UR<7ay MBS k HROETH AL, FER (—2.00C) LSME kD
BELELRY, ZOM—5CMhRIC—D2FE Lk, £I5T, EER»S—5°CHHEETD
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b SO AL, REEOBEBOAMICLERTEETL VWS, Zhid, KEOHESLRE
BTH o 7208, Mb OBERIGIZ biRE L BEBEOMRSHERENCEH Ze 2R L &5
2, — 5°CUATIZ BT % k BHRIZERNICETL T, —30°CUAT THREDRLTED Sl
() MEETHE:OEHEE

hY A DEEHBRCBI 2 bk k. D7V =X+ Fuy MFig. 6-8) 28T 2 &, —-25
CHHED S +20°CE TORERH TIX kb BRI b HIIRE D EOFICHY, HEETIVE
EOEAFBEL LB EEZD, K, BRAULORETIE Table 6-:2 05 bbb &
212, ki3 b DRI 4 ~IUEDEL RV BEEET LI VBEDELABLRDVKREL RS LE
z2oh3d, Lal, —25°CHBEUT TRENC BRI & I b ~NDBEMRENFHRL T, £
Dk X D/INEL 2B,

PLEWCRARI X DI, by b HIR R T2 Z L BRIGRBE R D2 OLT L O EY TR
poled’, BERICEBERICCBIT2BENROBOUERT IENTEREEZ S,

20°C 10°C  0°C -10°C -20°C  -30°C
T T T

x107° |- -
Key |Rate const.] |
A a ke
10.00 |- A ke _
C A ]
— - -
'-. - -
=
Nt I~ -
¥u
b=} ~ -
1=
H
-
o
1.00 - -
0.10}-
0.05 | | -
3.2 3.4 3.6 3.8 4.0 4.2 x10

Tk

Fig. 6-8. Effect of temperature on the rate constant
of freshness-lowering and discoloration in
skipjack muscles.

K, = Rate constant of freshness-lowering.
K. = Rate constant of discoloration.
T = Absolute temp.
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149)

EZ3T, FennemMa  BHIFERBIUZS TRVRIEBI2BRERICS & UERERIG
BB RIS W TIERICEME 2 3BAP T3 2 e03H D, IThs DBRITHEZELE
FHERTH2 S LiBRTWw3, Fig.6-7, 6-8ic8WVTH, KMELE @BRERE) BLXUMbD
BIERIE (GEEERKIG) X FENNEMA SRR L7 LD L BY DEFEERL .

PDEDZEehs, BESIRLABHROREETEES L VEEREORERKEEL TR
fLg 7B T 2 2 L 2 Ba7z, L L, BERICBI 3 EERED 5 & vBRE"™ o
ELRERSETH D720, SHE S CERBUHEOERSLETHS S,

20 |

Temperature [ °C ]

0 10 zc; 30 40 50
Time [ h ]

Fig. 6-9. Temperature histories for predicting changes
of K value in mackerel fillet during fluctuating
temperature storage.

O The initial measured point of K value,
@ : The final measured point of K value.

6.3.4 FREBE»S>DORETH
(1) #EFH
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YNO7 4 VAR AW, RBEBHRR LTS - - RERFESS ® Fig. 69 10R L7,
ZDFRERIZ, AHROE (6.2.2H) 2> T 5B TR o7, Fig.6-9DthT (0) L (@)
iz ZzhETh KEOYHHMES & UBRELHIEL -BE%2 5T, Tho DREREG &
74V —BEOMHAKE (Ko) 508 (6.2.4) OrBYR (6+1) 2AVT, SEL
BROBRK KE (K) 2R TEAEL & b2 Table 6-5 CR L7z, ZDRE, RELTHE
DA K EDFHEME & EBAEIZ, ZhoDE (AK) #30.4~1.1% TEEREE O BWENIC 5

D, MERIRLS -,

Table 6-5. Comparison of the experimental results with the calculated results for predicting

the K value after fluctuating temperature storage on mackerel muscles.

Run N Experimental Calculated 4K Run time
un No.
(1) Initial (%]  (2) Final [%)] (3) Final [%] (3)—(2) [%] (h]
1 14.9 18.3 19.4 +1.1 20.7
2 5.7 20.3 21.1 +0.8 47.8
3 16.0 29.8 29.4 —0.4 48.8
4 16.4 37.0 37.8 +0.8 48.8
5 16.6 40.9 41.3 +0.4 48.8
10 T' Run 1.
)
-10
=20
_30 1 1 1 1 1
10 20 30 40 50
- 10+ Run2
o [ .
[=)
2
B -20
8. .
E _30 1 L 1 1 L
o 10 20 30 40 50

Fig. 6-10.

Time Ch J

Temperature histories for predicting the K value

of skipjack muscles during fluctuating temperature
storage.

QO : The initial measured point of K value.
@ : The final measured point of K value.
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wiz, AVADT7 4 Vv—REH oW T REBEERER % 3 ET% - TE S hi RREEHR

% Fig. 6-10 @R L7, ThoORBEE, S MBREBHBRO K EELEHETTHL LER
% Table 6-6 2R U7, DR, MBS0 CUTOERMTERHL T2, KERL
PNELBERTED, L 1EEBEDOER (Runl) Tid/hap»o7z, LaL, KR OB
K EOEERE L HEEDE (AK) BIFEE/NEL (—0.54~+1.1%), WMERZR < —HL
7z,

Table 6-6. Comparison of the experimental results with the calculated results for
K value after fluctuating temperature storage on skipjack muscle.

Run N Experimental Calculated 4K Run time
un No.
(1) Initial [%]  (2) Final [%]  (3) Final [%] (3)—(2) [%] (h]
1 5.89 6.58 6.91 -0.33 47.8
2 5.89 8.62 9.16 —0.54 48.7
5.89 10.80 10.54 +0.26 49.3

P EDRRD» S, RERTRD SN LOBERENE2RLTENENEEE (B, A)
B, SHNBIUAYVADOEBEHACEWTRELBHRORERLEFHT 2 5SS KA
DENLDEEZ ORI, Ei2, BEREACBLTREBEEH > HEOREELOBEL
Bantz, LizdtoT, KEDOWHME L RBRE % 2i3%lz L RET 3 RiBE2ANTHIE,
B K EE LS ERNCETFHERTRO OGNS Z e ibho T,

2) BETH

AVADT7 4 V—RkERWTHIR (6.2.25) OLB)RBEBHRREZITLY, TLOoOD
REBEOBRERED > HETFHOHE LRAKCBETFH2RAL. 71 V—RABOREBEE
BB % 3 ETRV, 2R DREEFEMES Fig. 6-11 TR L:, Zh s 74 V—RAEOMH
JBRAE & Table 6-4 IZRT b DENIFAGEME (B, A) 2AVT, K (6:1)~(6+8)
5 RIBEEE D metMb% 23R, Zh S HIEE L5 EE% Table 6-7 iR L71:. DR
8, Fig. 6-11 2R L7 & 5 RBREMRS 0 CUTOERMOBRERTH 5 7:0, iR
TEIH%O metMb%DELB/NELEHAT, Ll, BRECHEE LHBEEOE
(AmetMb%) 1% Run 2 W TIid—0.4% AT, WERXR S —H L7, 7, Run 20D
BEH AmetMb% i3 —1.8% L WO ETEBR E I EBREZOHENTH o7z, Lo T,
BiEH Y A DEE (metMb%) DFBE HATROMEE (KE) FHIOHE LEkC, REBE
25 RBERHEOTESHHECERCFHTE 3 Z titbr o,

EWEEIGAT 2 2 LIk > TAEHAORBEED SHES L VEEORLEHET S
FToF— o VAT LAOBEENTREL 2D, BERBOLOOBEEESAENCITRZIS L
£25,

Tz, B s (1977) REHRGOBERFEEELRIEL T/ — FIMERMERL T
w3, BEENLARORBEEEEEERLREELOE=F —BBORBAEE TICIZ
BT, 351, AET AV 4D Food Marketing Institute™ ix Marine Fisheries
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Service L BET, /NEERECBI2EBAORELFMHLBELAET2HRE2FAHLL
EZF— e VAT LR ES2THET A/ T LRBEL TS,

Termperature C*C 1

0 10 20 30 40 50

TimeCh J

Fig. 6-11. Temperature histories for predicting the metMb9%;
of skipjack muscles during fluctuating temperature
storage.

O : The initial measured point of metMb%,
@ : The final measured point of metMb%.

Table 6-7. Comparison of the experimental results with the calculated results for metMb9%
after fluctuating temperature storage on skipjack muscles.

Run N Experimental Canculated AmetMb% Run time
un No.
(1) Initial [%]  (2) Final [%] (3) Final [%] (3)—(2) [%] (h]
1 40.7 45.3 44.9 —0.4 30.8
35.7 42.3 40.5 —1.8 49.3
3 33.0 46.0 45.7 -0.3 49.2
6.4 E #

REHRCEST 28E (KfE) BLUBE (metMb%) OELEE 2 SEEERE OV
THAN, BEETEES L VEEEBOER b BL U bk 2RO, RIZ, ThoD bk BX
Uk D BERFEL2RDT RBU LOBHFEHNIREE (E, A) 2R,
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BBz, Ihs0OBFNEEEE2R (6+1) NEAL, RENMERCEEHL BEDHK
HROGBREEY» S HE (BE, %) OXtEAR2HETTFHT 2L 2RS4, MR E
3 MEEEE LS T L.

LT, ZheDER2ENT 5.

1) =¥, FIABIVAVIBRAOEERERE CB U 28E (K#E) ORRKELYE,
log (100—K f#&) xtB$R (h™') OBMETF oy b LTHARLER, Zho0BRIEIRTE
By 1RRISRIZE -T2, T s DEROAED & BERAD £ (41) BKRkOSN, %
heDiEE% Table 6-1 (7423, F54 1 —20~+40°C) B X f Table 62 (A VA —
40~+20°C) wzhzhRLT.

2) BRERADR 2T V=V AR7Fuy b LR, BEHRAD kiR ECHEER(—2.0C)
¥ —10C°CHEECEHMEDNEE L, 22T, TRLOOEHATHT SN2 b BROERIBO
B H S kb DBEREEL2RDLT RET OB NENFEE (B, A) 2REREBICOWT
Ko, Table6-3 (?¥\, FF¥4D k) BLU Table6-4 (AVAD kyy k) CEZNTIR
L7z,

3) AVADOHEGA L RBREEE (—40~+20°C) B 3BZE (metMb%) DIER
Z5{t % log (100—metMb%) Xt B¥f (h) OEEFRTF oy b LTANLER, Zho OBk
W KEDBE LA TRTERE LY LRG>z, 2h s DEROALD» S 4 Y
AEAD k. 2K, Table 6-2 12 & D —ETRLT.

4) HVABRD k. 27 V=9 AFay b LIER, SEARAD Lk iR LICEBR (19—
2°C) & —5°C{BRCEHMANZNETNEEL, 361K, ThoDEHMETHTsn%
BERIZOWT, k OBE LRI & OBREREE2ED TENFENFEME (B, A) 2K
%, Table 6-4 12 by DI L —ETRLT=.

5) =Y NB I UHYABROFBEHHER (6,2.2%8) BOMBEE (Fig. 6-9, 6-10) & k&
DB/ ME (Table 6-3, 6-4) =R (6+1) ~NEAL THRELE®RO K EELEHE
LR, BROAIEELHEEOE (AK) BWTFhoRHTH1.1%UNOE CERICE
Baxhie,

6) » Y ABRORELERBREZOLBERE (Fig. 6-11) & k OBIFNFE[E (Table 6-4)
2R (6+1) NEAL CRBLEEHED metMb% 2 5tE L - R, HRORIEMELFEED
= (AmetMb%) 2 —1.8%LANDETCERICEE I NI,

UEoRRLIY, RENXLEEHTI2HE0REHA RERM OKEB LUV
metMb%DZ LS ETEE L 2 D, RBELE2FEI BEORER BB LESI»TTEH I L
BTET,

BIE BARMRECOLHOKETAL
FERFTEOTRSE

1.1 # E
BRERORBICEL TRE 1B TR L BY DS OFRBH D, BERBFCBT &
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EREEGOEH S —IERE AT 2 Lo, ZhsoEstiRREokS &
PREEEELHELRZIBEETIIBEATERVEEZLS, Lo T, FOLSRERE
AL THRBEFOMBE 2RO WERES*SENCRET 2LENDZ EZ, UT
D¥ET 21T o7z,
BOETHEREAVAVRELEBZ2ESIBEOHES L UVBEOELEEL2H M LD
T, FETRER/HIVA (Y UF, 2.3kg) 2HVLTHIEAS & UBIEZSBELITRY,
o DEFEMED S KiE (#E) 8 XU metMb% (B%) OE{L22@RBRZODVWIHET
R, ThoDRBEZHEERTHET LAV EERBEREE" BT 2 L 2Ral.
¥lo—7F, BEORLELE2EETSH DL LT, BEKRBEOMI, MEBEORESER
ZNSDRBICBOWTHREES L UBERL I Z EOGRLEORENEZ NS, ZITE
TR Uiz A Y 2 RO PES X MEREE 2B TEEOREER 21T\, REHEE
LIEH L TV OBMRIC OV T bR, M — RS W3 RERERGORN 2R 5.

1.2 KEFE

7.2.1 #

HERILAEED # Y 4 (Skipjack, Katsuwonus pelamis (LINNAEUS) ) Z AV Tz, 238,
BEFALORIE, RZBRZFAES L CERORFERE I 7Y F LA 0 3@EL L.,
(1) HERH

Fig. 7-1 R L5 CHER7 4 v—2 5 AR D B> 72 REA (28 mme X 40 mm)
%, Fig. 72 CRTHEROY 7N « RS- 2o b0 2AERB L L. 2R
BEANDOBGEIZ@DFRE» & O FEMNE L LT, fhoemE2iiaikEe L. 2RO
CEIHRRE~NEE AL L.

.....

Ventral

Fig. 7-1. Sampling of cylindrical muscles from a dorsal
fillet of skipjack.

2) sERRE

FARER L FRICER 7 4 v —2EB YD B> 72 RFEA (50 mm X50 mm X 70 mm E)
%, Fig.7-3 WRTEBROF > 7« kA5 — 23D TERAR™ £ L1, 2 0ERRE
~OERIEED 5> QR EMHRE LT, OLEEHBRIEL U, REAOEHI B8R
~BEAHEE L.
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120 ¢
re—— 46 ¢ —>
© | :

] SN 7 B

¢ Sample(28¢4 x 40)

: Thermocouples
(c-C,0.38)

®
®
@: Acrylic tube
®
®
®

(25id. x 320d.x 70)
: Insulation

(glass wool)
: Copper plate(o.st)

\ \ : Plywoad (5,9t
}\ SR .
L] 5

HEAT FLUX

Fig. 7-2. The cylindrical holder for a sample.

0

Q@:sample,

@: Thermocouples,

@: Insulated rectangular cell,
@©: Rubber band,

®: Putty.

k5.0
15.0 size ((em )

Fig. 7-3. The rectangular holdar for a sample.

3 v raEE

FREAVE 2BEMAL. MAKLELRAUCYA XDdDEL, 47Tcm (EBRK) X 9 cm (&
18) X2.3kg (AE) ObOEAEL.
7.2.2 fREG

(1) ZBREEE

M1k X CMBIZEMES. " | —20°Ch o BB E C—ERE CREHH TS 2 EAERS

(K. K. BREFHEBER, NKR, 130W) 2EHL:. REBESBEHIIESBR7 7~

(5 m*/min) OEEEZHEL TiTH o7,
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FREINBE SRR, | MEZESEEO—ET, B BRI E D I RE” S L s h B MR

Th5., Fig. -4 CWRT XS REBRER L CHEALE. BEOIZ Fig. 7-3 KR L -EF
BHERAVE, HEERVF 2 ) —FQREMEREED, KEO@»SKERL EIFTHK
OOREANFATICEE L CHREBMBESHEER2IT). RERETORFEZI Y vy ¥ —
(H2aZ Super Bebicon-FE)DEHR2FLH L TL.0m/s L L7z, kB, 727 FACIBZESRD
BB L UBHAL LTAZ Y — U @ER1T 7.

——— ¢&— Compressed
air ( C.A. )

'
o

o 0yt !

[<— 150 —

@:sample ( Fig. 7-3 ),
@:Diffuser of water,

@ : vater,

@: Screen for water drops.

®: Duct.

Fig. 7-4. Schematic diagram of experimental apparatus
for air thawing with flowing saturated air.

(2) AfREE (A ERE)
gk ks & CWBIARRED  Fig. 7-5 1R T & 5 /KR (#5540 X900 X290 mm) % fEH
L C#IEAKRE X UREI/KBRICHERATEZ 2 X5 iIcL:, BHQRERERE (Fig. 7-3) 2

ALT, RERESAKET0.5cm i3 LS ICRBL TREEL -,
FKBEDOBE 3R AR Y 72 EE L ¢, AMEOADAEKETAEAREIS €1, )

AKEEOFHMIBEBERERQ (R4 v7) TRYTBBAOE—5 2HBEL Tk o7,
KIE DB L, WHRERKRIEREST® (SHiNnNHON, MS—09H) TEHREKBZRAL
TY v —REEHBOTE -2 —% “on-off LTITR 7. 2B, BB IV UTOKBIEZZ—Y
vZeazy b@ (VA ¥ K K., RK—2508) O®BEEE 208 L 7.

ok > Fig. 7-4 R U A ERER L, AMO_EiZ#kE (250X 300X500 mmH)
ERE LSO EHUKBERER L LT Fig. 7-6 IR LT, BUKBEIZEABRDY +7—@ (
FL1E 2 mme X FLER1TE/BKE36.1cm?) N> A TARERED, #BKE» 513cm FiZEW
TERRAR@DOREABA L THREL 2. ki - AEFREH I LLORBABROBS L A
TH5,

(3) EZefRUE (RUEARMER)
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|

|
Qfm—
@ M 13 en

uuull.u 1

©

: Shower (2nmé x 217/36.1cm?),

: Sample (Fig. 7-3),

: Heater (50W),

: Magnet thermo-controller,

: Cooling unit (540kcal/h),

: Water tank (540x900x290mm id.).

(@ Temperature recorder,

(@): Thermocouples (c-c.,0.3mms),
@: Transformer (150v),

@: water pump (28L/mi1,2mH),
@: Heat insulator (SOmmt).
(®: Thermoregulater,

SlElelele)

Fig. 7-5. Schematic diagram of experimental apparatus
for the water thawing with flowing water.

: Water pump (28L/min),
: Heat insulator(SOmt)

: Magnet thermo-controller,
: Cooling unit(540kcal/h),
: Water tank(540x900x240mm id.).

CISCISIS)

& O G
: Temperature recorder, @: Thermoregulater,
: Thermocouples (c-c. ,0.3dmg), @: sample(Fig. 7-3),
: Transformer (100V x 10A), ®: Heater (504),

Fig. 7-6. Schematic diagram of experimental apparatus
with thawer of spraying water.
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EEBS S FE Y Ch 505, ZOBBTMIZD L 5N ERESEO/NY R
#E 2B E CEREBRREL T, Fig. 7-7 R L. AEBOMER, REXE(HIS
VP—C, B, MEEEZERY ), HZR(40cme X45 cmH) & 2D Ic N T 3 RERARD
HOMREND, ZOMIENS & VREORECSEARIORERIELE L T3,

Pr— o & EFRCAMCACKARD
Cold trap * @ U - B
_'F‘-;H — -® =
0] : =% ge |
il
o— | Bd| (| 5 =
;| emp. )
e 23 |
Cooling = [ s11dac . T
unit ) Ry Sample
d Chamber
158 L/min AC. 100V © . = l
T :
e : T
2 g Evaporator
(1): Thawing vessel, (6): Leak valve, i Q'==
) :(sl,esiccator(I!Ocm(w), ) @): Manometer, LR
3): Sheathed heater(500 watt), (®: Supply water valve, =10 —fe—12 —]
@): Sample , 9): Thermocouples ., size (cem )
®:Chilled water, f— 22 ——
Fig. 7-7. Schematic diagram of experimental apparatus Fig. 7-8. Detail of a thawing vessel for
for vacuum thawing. vacuum thawing.

RHEABOIX Fig. 7-8 DM R T & 512, LEE2RBOBEEL L, THERERE
Brli, BRRLECR -9 —@%AW. 2o, REOARKETVr—sEXRE2%
HUTHET 2D, BAG)ZEZHDDL=y b7 —F— (F V4 VBB K K, 2508)
ELEE L.

BEHEX, HEZEOARDOEN2HZERY 7Y THEES (9~25mmHg) £ THREL TH
5 b —F @D & VERARR (10~25°C) 2R4Es¥, BHOOEEEZTR o7, 1B,
RARBEBRNOBKIZa Y 7@2HEENETHRAL .

7.2.3 {LZAHRT

K (R7vAF FOERE) 8E U metMb% (X b330 ERE) ZESE (5,
2.3%) @Y L L7,

7.2.4 BEB L EEIE

BRRLOBERIEIZ, BEXN(C-C, 0.3mme¢) 2 BEHEANCHTERAE LiAS BEIECHEE
5t (B&FIEH K. K., ER—4036%) THIEL 72,

I8 U 7z B KA DB I3853K & BIROBEZED o HHEE (RH) & LTKRD,

7.2.5 fEEMRD S OREELHE

FRERD > REELE RO ZHEHERIE6EDE. 2. 4HD EBY L LTk,

Fie, BREAVAOREREL LT, KME @) 88X metMbX% (B%) AW, Z
hoOHEETEETHR (k) 8L UBEREENR (k) OBREKFENE 2RO TENZENRE
i (E,: R0z xNv¥—, A $EERTF) i, Table 6-4 DfEZRW,
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1.3 RBRERCER

7.3.1 BIZESEECBI2HVAR (AR 0REEL

(1) BERE L REEL

FIHARBIZ —70°CE LAY A ROAEREAWT, BERES, 10, 15, 8 X U20°Co
BILZEKRP TENTNRRR 21T o I fREER % Fig. 7-9 1R Uiz, JIESRALIE, RERE
255 mm, 15mm B X 025 mm K & Uz, BHEEEE IR ORE S 525 mm SOBRE &
Lleds, TOEBRTIZ0°CELT,

——0— 5mm depth =30}
==0--- 26nm depth -40f 4

-60

Voro
- N O D W = -
OO0 OO OO0 © 0 o O O
T T—TTTT T

Temperature [°C]
Temperature [°C]
=

=10}
-20
-30}
40}
.
-50
.60 -
-70

-40}

Time [ h] Time [ h ]

Fig. 7-9. Time-temperature curves of skipjack muscles in the cylindrical holder
(Fig. 7-2) during still-air thawing at different temperatures.

INSDRER, BEBENERBICLIN>T, BAKERER (B #2E8T2
R OSEHE S MR EE SE S k3 AR S iz, WRIZ, Tho OEFEERICB T2 K1#
B & U metMb% DEAL % RHFMIEE (0°C) DR THEL, R % Fig. 7-10 icR L7, T
i ERH K (R T TR metMb% DEALERT, ZORKER, BURREIMEYIF LR
MlIZR < 23D T (Fig. 7-9), BAEBRED5~10°CLEWIEIE K #EX & U metMb%DZ (L
BRELBZEMIEH o7z, 72, KEELL D metMb% DI BELDEEHPRREHE
bhTwd, ZOZLRE6ETRRLS I, W—25CUUETRRBERENHEETRE
IDHEORBERIZR>TWB I LS bEETE S, 3517, HEKERE B 2R/EELD
E&RREIGEWEIBAL(5 mmm) BEVEA (25 mmA) LY K& R, 2OESIIKE
X D metMb% DA MBAE L Bbhi,

(2) BEREE L FEEL

FRFREBE 0°COBADKER (Fig. 7-10) T3, EHEEORELIZEARESCHHES
BH/NSVE S Thol, REROFET ™ b ZORE L AR, 15°CREEDBRARE A
MBEELDD L WEFEBE L LT—E0ERCINTVWS, 22T, BEREERE$15°CIE
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L T L} r T 1

[ B R O R S I SR L
o s bl

1]

[l
EPREEI A

Hedium temp. [ °C ]

20

: 5 am depth
15,

: 25

Medium temp. [ °C ]

: Initial value

Ll 1
0 10 20 30 40 50
mettd [ % ]

Fig. 7-10. Effect of medium temperature on the changes
of K value and metMb9%; in skipjack muscles of
the cylindrical model after thawing the depth of
25 mm from —70 °C to 0 °C by still-air thawing.

BU, AHERE»525mm ROBHERKBE® 0, 108X FISCLEE R TKER L U
metMb% DZALIZ RI R E DHE » e, BURBE15°C T 0 #1k 20 5 AR D R
HfR % Fig. 7-11 &R T. 2 S OREFEERIC BT 3 BEED K #E8 & U metMb%DEL %
Fig. 7-12 &R L7z, ThSDERD S, KERLIIBFEEKBENE L2 > TKREL &
ZEMCH -7, KEOFEEMERZR (6-4) THRbLT L, REKREED0, 10, 15°C
TOREH (5 mm R) BELZFNL02, 1.06, 1.12BETHY, REML L ZNIFILAE
BRI RPN, L L, —HD metMb% I3 FRERIBESEL 2218, 20ZEXRR(6 -
7)) bRELRY, BEKBREO, 10, 15°COREE (5 mm H) TOELRIZFhZEH
1.17, 1.55, 2.22TH Y, KEDBE IV 1L D K L EFEREEOEESXZ I3 2 Latb
»5, i, BERTEOREL (5 mm &) EWNE (25 mm R) BT 5 metMb% DER ML
ZiX, BTTRT Table 72025 bbh»3 k51, BEFHN1~3%EL>Tw3, Zht
A2 ERE RTRRELER b MEL V3, ZOBHIEOVWTIR, BEAEOKELY
BREDHDOHENRKEVCHDLE6E (6-3-4HD(?2) DERGOHESINS,

DEnZ ey, #EERBRCBOWTHEELER/MNCT 31213, FAEBREIWC X 5 BE
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@ /

§'-40 L Y/ --0-- Smm depth
=

—O~—  25mm depth

70 L 1 1 1 [ 1 1 1
0 1 2 4 € 7

t;n

. 3
Time [ h]

Fig. 7-11. Time-temperature curves of a skipjack muscle in the
cylindrical holder (Fig. 7-2) during still-air thawing at
15°C.
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Fig. 7-12. Effect of final temperature on the changes
of K value and metMb?; at the 25 mm depth
of skipjack muscles in the cylindrical holder
after thawing with still air.
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EEORM L Y REREES T2 R ERICRET 2 ABE L2 2, B b, 6k
ERP 2B LR LEEHOZ L 2BRLTW3,

3) MREKEE BT 2REELOTFH

ANCRUFAERE (Y A8HR) OfFHER (Fig. 7-9, Fig.7-10) 2AWT, fRER
BEBIT2 KEB LU metMb%BDELES 2EHH TK®, Table7-1 B & Uf 7-2 i EHIfE

LR LT

iR o> D@RE TR (7.2.40) OBY TH3.,

Table 7-1. Calculated and experimental results of K value after thawing at different medium and final
temperatures in the one-dimensional model of skipjack muscle.

Medium temperature

Final Measured Initial 5C 10°C 15°C 20°C
temp. point K value Exper. Calcu. Exper. Calcu. Exper. Calcu. Exper. Calcu.
(%] %) [%)(-D (%) [%)(-] (%] [%)(-D (%] [%1(-D
5 mm 36.0 41.8 37.4(1.02) 38.9 36.7(1.01) 36.7 36.6(1.01) 37.2 36.6(1.01)
0°C 15 » 36.0 39.0 37.3(1.02) 37.8 36.6(1.01) 36.6 36.5(1.01) 37.1 36.5(1.01)
25 n 36.0 37.3 37.3(1.02) 37.2 36.6(1.01) 36.6 36.5(1.01) 36.2 36.4(1.01)
5 mm 36.0 — (=) 38.8 38.4(1.04) 38.2 37.3(1.02) 38.2 37.1(1.02)
10°C 15 » 36.0 — (-) 37.6 38.2(1.04) 37.9 37.1(1.02) 36.7 36.9(1.01)
25 n 36.0 — (-) 38.6 38.1(1.03) 37.3 37.1(1.02) 36.2 36.9(1.01)
5 mm 36.0 — (=) — (=) 40.2 38.6(1.04) — (=)
15°C 15 » 36.0 — (-) — (—) 39.9 38.4(1.04) — (=)
25 n 36.0 — (=) — (=) 39.4 38.3(1.04) — (—)

( ): Values of (100-K,)/ (100-K,); K, =

initial K value, K: = final K value after thawing.

Table 7-2. Calculated and experimental results of metMb% after thawing at different medium
and final temperatures in the one-dimensional model of skipjack muscle.

Medium temperature

Final Measured Initial 5C 10°C 15°C 20°C

temp. point  metMb% Exper. Calcu. Exper. Calcu. Exper. Calcu. Exper. Calcu.
(%] (% =D (%) =D (%) @)= (%) (%D
0"C 5mm 18.1 240 223(1.06) 230 21.2(1.04) 210 20.7(1.03) 215 19.0(1.01)
25 n 181 210 215(1.05) 200 20.4(1.03) 190 19.5(1.02) 195 18.7(1.01)
10°C 5mm 181 — (—) 360 326(1.22) 281 251(1.10) 270 24.9(1.09)
25 n 18.1 — (=) 330 307(L18) 27.0 234(1.07) 210 22.9(1.06)
15C 5 mm 18.1 — (-) — (=) 400 40.2(1.37) — (=)
25 n 18.1 — (=) — (=) 370 37.2(131) — (=)

( ): Values of (100-metMb,)/(100-metMb); metMb, = initial metMb%, metMb; = final metMb%; after thawing.

Table7-1 X fRREARE S & VEEKEBE2BAERLI - BA0EHMCB T 5 K#E

EEOKAME L FHHEMEERLI: S

DTHd., IhODERH»S

—E# %2RV T, KEORAE
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ERBEERRGEBLIzEBbhd, %72, —FD Table 7-2 1X metMb%Z D> T D EHIE
EEEEICOWT, KIEDOBELABCLTRL, ZORBRD, —MERVWTIBLALE
HIE L EMEIEML 7, Lizds> T, BEEBELEVWRKETOA YV AHRCBIT 3 0E
HBRESEOHBIEZ SN 3, FEROBER, BELBMORFTY Y A AOEEE
BELATHTE L LEbR:,

UEDHER, BEH Y OBFEEARBTAL LEH T2 BEORELELLL» S, KEB LU
metMb% 2SERFIICEIE TR S NB Z b o T,

Dorsal fin
L4

2 [em]

Fig. 7-13. Measured points of temperature in the
cross-section of skipjack body.

7.3.2 WA Y & OfREhES S O REFH L BESKME OB

REHIETR (7.2, H3) CRLABYOKREIDHEBEHIVA (VU F) 2 2BAV,
AROBEREIZICOBILABLIUVHLEERFTZERAEABHIET O2ANVT,
—25°C (WTHARIR) 5 +10°C (FLEOBEKRE) & CHRER2TE 7.
AERNOREHIEMEIX Fig. 7-13 R T & 512, HAKE b CREKREI BV CREHR
DOERICE» > T1/4, 2/4, 3/4B L V4/4DEE R ZNEFNA, B, CBXUDAEE LT,
Wiz, Bibks X UEIEZESRBEEOERGR L Zh & OEEER> > REEELHEL,
BRI T 2 BRFEERE L O TUT TR 3,

FRLbAB X UL SRR OBEMR ., Fig. -4 BX U T7-15CRT. &8, 2VAHE
EOWE C IZMERIZL S 72, ZOEAOBRERITEH» SBWTWS, Lirl, REE
{LDFHEICIZEETE S 1 le TR TORREBHMAR % TR (7.2.5%8) OHEEKICHE> TR
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Temperature [ °C ]

Time ([ h ]

Fig. 7-14. Time-temperature curves in the round body
of skipjack during still-water thawing at 15 °C.
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Fig. 7-15. Time-temperature curves in the round body of skipjack
during still-air thawing at 15 °C.

», KIEB XU metMb% D HEMER2 KM T LIC Fig. 7-16 BL UV T-17TZZFhZFh Ty
FLZ. Zh e OROMENT, KEB X U metMb%DRAEELE (R(6+4), K(67))
2RL, HEIEEKEEL L., 77 Y FRROBEOBEEEEIX, DROMKEE PO
MR E L THW,

BR 1L KAROR & B SRR DT ER R 2 BREEEE 0 CORLBEDBES T OV THER Y
3y, BEZERBBEODFIHILKBROMBHFRAMERM L VH2.8EFRCEL TS I LD
3, Lirl, INSDOFEHEEROBENMERS &, MREEESNEOEILKBBRD SR
HEEFLMOBEEZ MEERELS”) BRELHEANTWS, Lo T, BEEEOHSL
5EITIR, BEFMGEOBRLELER2RETI2ORELVWEEZ S,

z 2T, BEHMED S RETEEHMIC OV TEE LZEIRD Fig. 7-16 8 X F 7-17 1
B3 KEB & U metMb% DE LRG>, RERMBRL/NEL R 2BEFMEE2RH
T ERAT, ZORER, metMbB B KEL D ELEL I EBINSDOR»ob» 5,
NoDEHIZOWTI,FE6ETH Y AHARERE) ORBEETEES X VEEEEICD
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Fig. 7-16. Calculated ratios of quality changes (K value & metMb%) at different
final temperatures of still-water thawing in the round body of skipjack.
* : Subscript; 0 = initial value, ¢=value at passed ¢ hours.
**: Values of K; and metMb; in case of 10 % at initial time.

VR HIERSR (Table 6-2) 25 b5 & 312, #—25°CIAEDREREICE T
kek D R DELBAKENZ EDSHBETES, 2070, K EOHSITHMES10% LRET 2
L, SLEBIUTLEORRL s 320%™ ™ 0e#2 22 Lid, Fig. 7-16 BX U7
17 WRTEBVEREE (A) THRI SRV ENTFRAIIN. LrL, —F5HD metMb%
DFELIHMEE10% LIRET 3 £, BRELSTHSNZ0IR~70T0% L anz0
T, AVZIDOFE DK EBZ 2 DIRERES (A) CRBEFBKBEDOREVEHICEZ 3, £h
i, BB CIERRBEIM 4 CUED & 8T, BIEESEEDREITIIN 1°CUE
TRIZZENFHENI, ThoDI ehd, MREHEIZEIEKBEIHIEZSMBELD
s, SERMIZYCEIEKBRESEZ D BL I L 8bhb, 22T, BRO & 5 IEH
HEOBRIZ D S REEEL RN T2 2 LZEY TRV EEL SN, LBFRIZLTH,
v v FRABOHRLE (D) DREDI— 3°CUTH» 5 — 5°COMIZE 3 & 5 22 RRREDIRIEI
FREHIRE 2B, metMb%IZ20%BLUTICT 3 2 L8 TE, O BEELI ¥ FICHET
BT EHTES,

TDX S REMEDERMEIC DL TR S EBRRICHEIhTE20"Y DEnz
Lo o EFEDOERMENERINCEMT N, Fi2, FEREHYITORBEHE» SHEIL
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Fig. 7-17. Calculated ratios of quality changes (K values & metMb%) at different
final temperatures of still-air thawing in the round body of skipjack.
*: Subscripts ; 0 = initial value, t=value at passed thours.
**: Values of K; and metMb, in case of 10 % at initial time.

7o K{EB & U metMb% D FHIFER (Table 7-1, 7-2) BHEEOB VWb DO LEZ NS, L
TehoT, WA YA OBEBROMBEMEHE Y2V —Yarv T3 LaEeET
BRELZEDOT, BEAVADOLED LS 2BROABICHL THBEBBOK@EB L U
metMbBDELEHETY 2 I v—ya v T2 L08TlEL Y, BEH VA ORELEIL
BN Y B BOERRR A S ENICRE T 5 EH T 72,
7.3.3 BEBEECBT 58S

(1) ZEREHRICBIT3HEEHE L EES

BILZER, RBZERE L URBIMBESMEEZ, B (7.2.2H1) OFE#>THY F
ROSEFHE (Fig. 7-3) 2AWTITRo7. ZOKRE, Fig 7-18 WRT & 5 W BEMEEE:
DEMRFRHRHBB SN, Th s DBEHBICBE VLT, ARIIREHET» S 1 cm /A, B
FERED»S 5 cm MOBHUDODTH2 I L E2TT. FEBRTIR, 2DO5 em AERRL
THREHRBE. —2.0CLREL .

INSDRBERELD, MENNNBZESARE (100% RH, 1.0 m/s) DREFEFENELEL, kW
THENIZETAER (65% RH, 1.0 m/s) B & U# b ZKMBE O IHIC RERE 2 E L B 2 @A
Holz, Flo, BEKTRICEITZ2RER (B L8 (EBH) OMCIZEEZNEL
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ig. 7-18. Time-temperature curves of skipjack muscles in the
rectangular holder during thawing on various condi-
tions of air medium.
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rRBESEECBL TR, BAOE) RBEROREMCERDOATHRELLE I DS
bbhbhd, i, REBZESEELRBIMBEEMEETIE, FHENIMEER DS HEMERITE
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B ZE SKARE D /5 MRFEEHIH < Lo Tz,
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Fig. 7-19. Time-temperature curves of skipjack muscles in
the rectangular holder during thawing on various
conditions of water medium.
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(2) KERERIZB) 2 IRHEE L BEDSH

#r bk & URBIAKRREIZAIR (7,2, 1H(]2) DAERES T, » Y+ AOERSE%2HL
TiThol. COEBRTIEABEISCE LT, MEKBERIZSBEORESLRALL -
2.0°Ce L7, ThoDERLY, BEHEE ISHUKEER, FREIKBES & O8I ABEDIRIZ
Ho o T, BUKRRRE & REIKBBEIIKBRIUES TH 253, BUKBEED 5 HMEEAE % 38 < #T
DI DR IT PR o Tz,

i, BEKRROBERLZ IZF CRERE THREEESEOCEREENKE S RB I L
Bbhrd, &5, EEEEIC K 2 BEEE (FHR) L BEL 7 OBFREFANSL - », BEHE
BEDH D - - BUKBRR 2 BUSEOBBBRE IC DL TRBEER 21T 72, Zh s OMEEH
#% Fig. 7-20 1R L7, ThoDfERLD, BABESE L3 BBEEEIIAZL L3
B8, FREACRIFOMBRL T bRELS LBMEEICHSZ, TS DIEE A T % BEL U THREHE
B (R#f) L 0B8R % Fig. 7-21 &R L7,
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Fig. 7-20. Time-temperature curves of skipjack muscles in the
rectangular holder during thawing by spraying water
at different temperatures.

ZOEOERHEIC BT, SENIRER L POEOBEEERL, AEIZZDEETY
BE" (T,=Mass average temperature) 7R L7z,
7B, BEVHRE (T, BRATEHEEI LT3,
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Fig. 7-21. Effect of medium temperatures on the thawing
time, the mass average temperature and the
temperature difference between surface and center
portion after thawing by spraying water.

AEBRCHAL-ERRE (Fig. 7-3) BFHRRER%2€ 20T, BEUERYY dV=ds,
V=1 t&b¥ s,

_ [t Tdx
YM_A ! (7+2)

zZT,

I=%E» 5 hLEE TORE (m)

22T, R(7+2) 3BRFRTEEORE D & HLEE COREMFHRERET (x=0) »
SHLER (x=10) OHWEHZ CHERS L ERE, SO I THRLELRS, Z0L5K
LTRD: Tp2{EL 3 LREEE LB R3O CRERE LML OWMELHET 3
BHEEEERETLEND S, 22T, 25D Z EIZDOWT Fig. 7-21 AW TRETL 24
B, REEEodS (OM) & T, (O 0%RE (16.5°C) HELWE2ME T 3 &
HEREERELE X,

%7z, BBHRLS 2FEDTLORAVERESR L FLRORE L 3 FHRE 2 RTHR (AHD)
b T, (OF) RERUCEEERZL T3,

BED L 5i2LT, L — R T 5 HoHR (REFREERE) 2RET T
2, LoL, ERCRBEONLZRAB L30T, B4ETARBIEBROGEHHE(Y 2
Iv—vav) ikkh, ¥DX32EERICHL THREERSBEINCHETRETES &
#2535,

(3) EZfREHIC BT % BEHE £ BES

HZMRHIZATR (7.2.25E3) OFEICH, 1Y +AAOERRE (Fig.7-3) ZHWTT
ot ThoHERBEOERRERY Fig. 7-22 CR Lz, ThoDERX D, HEREDE
& b BAREEHSE < 10 5 & FRERIIREL £ 508, BERALSHECEAICH oz, Thbd
DIRBEEE & R 2 5 OBREBUKBEOBHE (Fig. 7-21) kI, BREVHEBRE (T,
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medium temp.
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Fig. 7-22. Time-temperature curves of skipjack muscles in the
rectangular holder during vacuum thawing at different
temperatures.
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Fig. 7-23. Effect of medium temperatures on the
thawing time, and the mass average
temperature between surface and center
portion after vacuum thawing at different
temperatures.
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R TROBESM (BBELS) BZR(T72) TROL-EEEYEE(T,) CTEDbLT.
%7, MHEERREREEE (o) 2RO TEDLE.

FREGERD a 2DV TI, MBEFEREERD 2 BEORITE Y OR(7.3) 2HnCHE
HL7.

_ pm . 5.3%
t=1075 4(d+225) F(T, T) (7-3)
_ T.—T, T, A (T,—T,) T,
. ey —r iy, _\2ta Lo/ Ly
F(Tn’ To) C2 IOg Ta—Tf +Ta (Cl 62 Ta) log (Ta—'Tf) Ta
Trl 1
Ao ) (7-4)

[
(R
o

d=FiRDE& (=20, (m)
Ci=KRDLt#, (kcal/kg’C)
C,=XDL#, (kcal/kg’C)

A= XKO RS, (kcal/kg)
I=FROBESL, (m)

T, = REEEEE, (°C)

T,=8fEm, (C)

T, =fRFEVIHRE, (C)

m=8XK% (WB.), (-]

r=FRRE» 5 BEHLE TOEH, (m)
t =R ER, (h)

o =REREER, (kcal/m?<h+°C)
p=FREHABOEE, (kg/m?)
E=BRERAROBMEEE, (kcal/m?+h+°C)

HEWC Y- T, EEEM (Fig. 7-3) 2¥RET VL L THY, BEFLOME 2RE
»55emEAELT, d(=2 0)=0.1 (m) £ U7, &EEHY+OBMEMEIZX, m=0.75,
p=1000(kg/m®*) ¥ & ' k=1.0(kcal/m+h*°C) & R¥E-7:. Z o, C,=1.0(kcal/
kg*°C), C,=0.49(kcal/kg*°C), 1,=80.0(kcal/kg) & L7z,

PERR7 &P U TEB L T, BE U o 2EKMEE, KEES & UVEZRBHEIZ DN
T, Table7-3, T-4 BX U T-5FhFhRLI, #2 T, —RIHBHFEERE EN315CD
BARBE I DWTREREED o OEZEE LT, ZOER, « DK E SJEMIZOEZMEHE
(13 mmHg), @#UKEH (130 ml/cm?+min), @FEIAFEK (2.5 m/s), @ ILAMRE, ©
MENIME SRR (1.0m/s, 100% RH), ©FEIZSKMHEH (1.0 m/s, 65% RH), @#FLER
oK (61% RH) DIEL %Y, BEEEDIOLBD LR o7,

¥lz, UEOBBHECOWT T, OEEHE L. ZTOKR, T, HEOKE S 1ZQ8KRE
K, QWBkER, @ILARE, ONEMBETER, ORBZERMEHE @HZEMERE @
BILABEDIFERY, BELTIZZDIEMIZES>T/INEL k3,
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Table 7-3. Results of air thawing in several conditions of flow rate
and relative humidity at 15°C medium temperature.

Medium Thawing time Mass average Heat transfer
conditions temp. coefficient
vim/s] RH[%] [min] [Cl (Wem=2.K™1]
0 61 458 1.03 45.3
1 65 388 3.45 65.1
1 100 340 3.90 81.3

Table 7-4. Results of still-, lowing- and spraying- water thawing at dif-
ferent medium temperatures.

Medium conditions Thawing time Mass average Heat transfer
temp. coefficient

method  Temp. [°C] [min] [°C] [Wem2.K-1]
10 360 33 213
Still- 15 336 4.0 84
water 20 258 6.4 85
25 210 8.6 85
Flowing- 10 335 2.3 307
water 15 285 5.3 132
(25 m/s] 20 248 8.2 94
25 193 74 106
Spraying- 10 329 4.1 349
water 15 280 6.2 163
[130 ml/ 20 222 8.5 125
cm?-min] 25 188 9.3 114

Table 7-5. Results of vacuum thawing at different medium
temperatures.

. . . Mass average Heat transfer*
Medium temp. Thawing time &

temp. coefficient
[*C] [min] [°C] [Wem~2.K"1]
10(+2.0) 228+115 2.05 3919~ oo
15(£1.5) 192+10 1.57 1382~ o
20(x1.5) 156+10.5 2.83 442~ oo
25(x1.5) 132+12 4.40 306~4098

% Calculated with GeEnsno's formula (Eq-(7-3)) of thawing.

DEDHRELY, AERRIBHEEELSROEL, BHRL T HHEH/NE VD, GEHRE
DORROENIEREL VI LS, &, BIEERERIIEIEELSR OBV, FRLA
THRRY/NE VI DY —ICRRTE L HELER D, —77, BUKBERER TIIREGHREE IIH > A
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RELTBROKREL Bo>TWVS,
7.3.4 BEMBHREICB T 3 FBHEER> S ORETH L BERGORE

FR R B (FRGRISRS) B & NREEAE (RS A 5) 1B L TIREVE » & i B R R IC D W
THIE TR L7228, REED S OREHZITE > T,

22T, AVAOBERINChBRR LI TS0k ) RASLOEVEREL WbRED
T, BREBERICB T 2BEDOEFRE R BHEMR» SFH L, Table 7-6 R RL7z, 28, Z
DFE AW EEERIE Y Y FAOERZEF (Fig. 7-3)DERELl cm MO bORFEA L.
BEERTE LN BEFEHBICOVTIR Fig. 7-24 0 L HTRLE, s DREER
25D metMbRELKDHEIL, £ 6E (6.2.4H) OLBY L LT,

Water thawing

(2.5m/min) 25° 20° 15° 10°C
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-0
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o “--__-.-_-- . —
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Fig. 7-24. Time-temperature curves of water-thawing, air-thawing, and
vacuum-thawing on various medium conditions.

ZORR, BEREISCOBEX OVTEBHEECB I 20EOELEL2HE T L, @
BZoHEE, Qb AKMEE, MEIAKMER (2.5m/s), @K RE, ORBZESHER (1.0
m/s) DB HEELEI/NE L, AEEESRL/NEpoTz, ZOKRE»S, REELOE
ELRFEBEOEWEIZ/NES L L3 HATH S, Lo, BILZEREEFRIIEEE L) S RRE
HEIR LBV, BELTIWNShoTZ ed s, AEOERIFEABHREL VENT
Wi ZEeRb»b, LichoT, BERALATD/NS OERERER, REAROREELH/NEL
BYBWREELVWIZES TH S,

TREIARRR B & UEEMEEIC DV T EEEHARRE I 81 3 BREED metMb% DELED
FHERERIE Table 7-6 IRT LB Y, BEDDLWEFEERIREIABR TICCIHET, H
ZRREEII20CAHETH % Z L sb b, ZORKRIE, FIETIRN & 5 ICHREEE L fRE A
7 DRRD 5RO IRE EORREER £ 1ZIZ—HT 2 I Ltbhot,
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Table 7-6. The calculated ratio of remaining MbO2(%)
after thawing to initial one on the various thawing
methods.

(100-metMbo)/(100-metMby)
10°C 15°C 20°C 25°C

Thawing methods

water- 0 m/min — 1.104 — —
thawing 2.5m/min  1.082 1.104 1.117 1.091
Air- 0m/s — 1.072 — —
thawing 1.0m/s — 1.112 — —
Vacuum- 13.0 mmHg 1.046 1.036 1.032 1.034
thawing

% Remaining MbO2(%) = (100-metMbo), or (100-metMby),
metMbo = initial metMb%, metMb, = final metMb?%; after thawing.

.4 E ¥

BREAH Y A OIREARICE T 28 (K ) 8 & X (metMb%) OZEL25HE TFH 3
52 rREA, INOORERER/NNCT 2 RERERME L2 SENCHRET 2 F 2R
L7z,

¥ 7., —RTEMCHEE T VOER (FE, SR BEERWT, E5EE, KBRS LUVR
ZORRERIR I B 1T 2 RRBE S & U D&M (R, BE, HHE, BkEF) 2Ex T, #
R (WEGREER) 3 & BB (BB L 7) OBIRICDOVL T H AN,

INSDRRIZOVT, UTIREHNT 3,

1) AV AHROMAERE (27 mme X40 mm E) 2 AL THIEETIBR TR > 1ER, RO
BHidb»ol:, QBRERICBI2EHE (KE) 8L UEE (metMb%) OELESIZ, &
EDHBKE» o7 (Fig. 7-10), OEFCRIZTHEIFEERE L BEREREOHTBK
& o7z (Fig. 7-12). OREFIRS 5> K EB & U metMb% DB EKEN 2R T B/
HEEBA TRFEEDOREELEHETRD - FHIEIZ, EHEL 1~2%UROETEL
—Z L.

2) FEREAVADT YV FEE (2.3kg) 2AV THEEBREISCIIB W TEIEAS & UEHiEZe
SEEFEZTR, Zhs OFER (Fig. 7-14, 7-15) » 5 LR L ARCEES X UBED
RERCEL2LBBICOVTHEL, Zhs0REEHERERD L (Fig. 7-16, 7-17).

ZD#ER, KEB & U'metMb% DHIHME % T#E & b10% LIRE L 13BE I, BEKEBES
—3.0°CUTIZT % LKEB & U'metMb% 220% ATz 513 Z L S HEE S, FHERE
OERENEMIT sz,

3) HYVAROERFE 50X50X70 mm F) 2V T EEOMREEER 1T\, MHREHE
BLUBEL T % T W TNERERGEEE (a) BIUVEETHEE (T,) THEbLTHEL
7z(Table7-3, 7-4, 7-5). ZOHER, BEEEDOES ZROIBEM TH -7z, QHEZEMHEF (13
mmHg), @Bk (130 m//cm?+min), Q@FEIAEREE (2.5m/s), DEILAMEH, OFEY
B2 MEE (1.0m/s, 100% RH), @WEIZZSMEE (1.0 m/s, 65% RH), @1 BKMRHE
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(61% RH), %7z, fBHELZBROIEATAE »ot:, OBKEREE, OWEIKEE, O
KEER, OMBIMBZETHER, OMBZETHER, OHRZME, OFILETIERE,

4) LEIOHERLY, HEREIBREESROEL, BELT B/NEVID, GELED
SENLBERELEZ ST, ¥, BLESRBERIIBHRER SR BV, BERLTRER
HbINS Y~ BBEETH o7, L L, BUKBEEIIRRHREE IZE ISR L S BB D
K&»hotz,

5) MRGUEEDSED - 1 HZBREE L CBUKBBRIZ O W TREEE L BE L 7 OBR 2R~
TeRER, EL, LrbH—BRT 2 REER (BRRs iR &, BEEMEETiz20C
3, BUKEREREE TIX16.5°CHETH - 72 (Fig. 7-21, 7-23).

6) AV ARDOEERE AV EBREERTH S N BHR (Fig. 7-24) »50%
(metMb%) DZE(LR 5 EE L /-#5R (Table 7-6), #DEIZEZBEIRH/NE L, #DHE
LIRS WIEICIRDED THot:. QEZMEHE, OFEKMER, FiBIKRE(2.5m/s), @
LK MEE, ORBIZESMERE (1.0m/s).

7) LER6) DR BIKEES L UEHZEREIZ DO W T AEERAEREICB T 2 metMb%DZE LXK
BEHELULRER, ZOENNE K AEDD L WEFER I B AKMEE TI310°CHHE, HZeR
HWTIR200CHHETH o 7o,

8) L) L6)»S, MERABIBVTHRELI NS~ BEINS kX, HZHE
EBLUHIEERBEERERZ LD LS CREEL/NES B2 EZ NS, /2, LEC5) £6)
X0, REEE LBELT OBGED SROLEREOEFERIZ, HELLS L HEETOD
D OBEERICR S Z L BNREEDY 2 I v—y 3 VEHETE D SRz,

BOE & &

8.1 KHARDRERE

AHROEEIL, KERROBFABIBI2REBEELE2FHTZ I Lz, RIS
BRIERDT, REECBR/IE %22 BBRRSG2BiIcRE T AR ERITA 2 L
Hoite.

ZIT, AMETIR, ERADEFARICK T2 CHEEEMEIEL, RELTLEFAT 2
2k, 3HICMBEICICHD RERLHELHEL, BER» > REELEFRTZ L
PELRENE L.

o DBERERICIE, FIHEELENEIBAOEEE MCEMBE O ERNELEDLENS
EREELL. LdL, BROBEE - BEGRICE ) 2 BZERIEOMEEIL, HELE S 2
VEEOBRWHERETH 2 2 &, FARARITYET, BELFRERROMMETH 2129,
KRR HER > 0%, Larl, ERERE (FEM) OBz LD, EEROZ E»nmEEL
Kot

ZIT, AERTEIRYIC, BERAROBMEE (FBE, L#, BEER) OFHAIEEKIC
DWT, EREEZRBRLLHEEELEREL, ZhoflEELEAL T, EERE (72
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V) DEE, BB L UCMMCEELZRAEL, SHETEOREELR L. Rz, AD#
YEEHEE T 2012, 2V ARERACTRROHEEROBRAME LR LI (B 2E),
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RRX ORI BT D, WIAEHBE 2 EEE L HBIE 2B b o L UNKRFRFHEEEN
BRELCEATRBMOBERT 5. 1, AHRL2EDHZ LT, AORECHEL TIER
BAEAHHIIAALHEE L (U, RREKELTEE), GRCBL TRANRFRFL
BRABEARL (YR, BREA¥R¥HEE czhrhBRsHEIE2Hb o1,

5T, FAROEEB L U7 — MY > T, BYIREBIE L@ BN 2 s EL
rEEREREKEF AR TE —EL (RRRERERE) 3 L VRIAKEFERBEEZH) &
1T+ BEREAIERE), %6 CICRRORITIEARDOERE 2 Wiz BREXRF

# 32

KEFMERBFRE TEHS L VRBRBEFEMRZOERANFEH T 2.
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RANELHLBL LT3,
i =

a = Initial amount

A = Frequency factor, [h™']

A, = Heating area of sample, [m?]

Aj; = Cofactor matrix

C = Specific heat, [kcal/kg*°C] or [kJ+kg !+K~']
C, = Specific heat of copper plug, [kcal/kg+°C]
d = Thickness of slab (=2 x 1), [m]

dL = Differential of one-dimensional integration
dsS = Differential of two-dimensional integration
dv = Differential of three-dimensional integration
E = Numbers of element, [—]

E, = Activation energy, [cal/mol]

{r} = Vector of global force

h = Thermal diffusivity, [m?/h]

H = Height, [m]
AH = ‘Enthalpy, [kcal/kg]

1A = (th order Bessel function

A = 1st order Bessel function

k = Thermal conductivity, [kcal/h*m+°C] or [Wem™-K-!]
ks = Rate costant of first-order reaction, [h™!]
ks = Rate costant of freshness-lowering, [h™!]

ke Rate costant of discoloration, [h™']
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metMb

n

nx; n)h nz

ql:

qs

NNPS sy 22z

Ta
T.
Ty
Ty
Th
T;
Ton
T»
Tr
Ts
Tnx
TS a
Tono
ATy
To

K value, [%]

Initial value of K, [%]

K value at passed time ¢ [%]

Half thickness of slab, [m]

Length of a element, [m]

Area or volume coordinates (=1~2, or 3)

Moisture cotent (W. B.), [—]

Metmyoglobin formation [%]

Dummy summation index

Direction cosines

Number of nodal points

Shape function

Vector of N;

Vector of differential N

Number of time intervals in main period (Fig. 2-2) , [—]
Heat capacity in initial, main and final period (Fig. 2-2) , [kcal/°C]
Gass costant, 1.987 [cal/K+mol]

Radius of a column, [m]

Area, [m?]

Time, [s] or [min] or [h]

Required time for thawing, [h]

Time step, or time interval, [s]

Temperature, [°C] or [K]

Vector of temperature 7

Ambient temperature, [°C]

Center temperature of copper plug, [°C]

Freezing point, [°C]

Mean temperature of final period (Fig. 2-2) , [°C]
Temperature of heat source, (Fig. 2-2) , [°C]

Mean temperature in initial period (Fig. 2-2) , [°C]
Mass average temperature, [°C]

Temperature of specimen, [°C]

Correction factor to be added to Thx (Fig. 2-2) , [°C]
Surface temperature of the sample, [°C]

Last temperature of main period (Fig. 2-2) , [°C]
Fist temperature of specimen, [°C]

First temperature of main period, [°C]

Measured rise in temperature of main period (Fig. 2-2) , [°C]
Isitial temperature of sample, [°C]
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ATix = Measured rise in temperature of initial period (Fig. 2-2) , [°C]
ATy = Measured rise in temperature of initial period (Fig. 2-2) , [°C]
%4 = Volume, [m?]
Vi = Total volume, [m?]
Wear = Water equivalent of calorimeter, [kcal/°C]
Wear = Water equivalent of capsule, [kcal/°C]
We = Weight of copper plug, [kg]
W = Sample weight, [kg]
x = Distance, [m]
Ax = Distance intervals, [m]
X = Weight fraction of water, [—]
XV = Volume fraction of water, [—]
Y = Weight fraction of lipid, [—]
Yy = Volume fraction of lipid, [—]
Z = Weight fraction of dry solid, [—]
VA = Volume fraction of dry solid, [—]

Greek letters

a = Heat transfer coefficient, [kcal/m?+h*°C] or [Wem-2-K-!]
r = Boundary of domain
I = Boundary of length, [m]
Ty = Boudnary of area, [m?]
ox = Functional
As = Latent heat of ice, [kcal/kg]
3 = Ratio of ice to total water in food, [—]
P = Density, [kg/m?]
Q = Domain of area or volume coordinate
U = Constant in Eqs. (4.38) and (4.40)
v = Constant in Eq. (4.41)
Subscripts
d = Dry solid in thermal properties
) = Nodal points in a element (z=1~2, or 3, or 4)
! = Lipid or oil in thermal properties
w = water in thermal properties
1 = Liquid in thermal properties
2 Ice in thermal properties

Superscripts
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e = Element
T = Transfer of matrix
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