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FEFHET s8R UL CHERG2HEERELL,
T, WIEEEXORE
fRORERR, AR & RIREE R KA O L S kDT,

= {(F,—F)/(F,~F,) (1)
dx/dB=F- (1—x)» (2)
k=A-exp[—E/(Rg-T)] (3)
3Y/00=a(d2Y /3y )

foti L, T=t+273.2
Y=(t—1)/(t,— 1)

Zoe, FOggrs, AP 6lmin) ik ARETAEE, FKE, vheY—fE BEARE0LS
it £ R EbT, TCKD, (°C) BBRETH B, IRF o, e i, Willds & UPER &R T, ylem] &
KERBOLEERT, 2[—) &, R, LB, Y- xH\RTEE, Re SS&ER 1.987
cal/(g-mol-°K) ThH D, b, 1, A, E 5L 00 o i3, HEEK, &K SEAET, Bl drxy—, Bdhk
L bhAERT— I ORDBZ LR BATA—FTHD, R, x & 0 LOBEIHEMLE
FEMB OB EH L LGRLTV3D, ST 2881, RNQ &L TR 2T
B, Ete, R4k, ERPEREGE LORLTGSA, SR, Repa8a, X428 THRENC
oo e TE B, RBOBRAET s BaE, R@ERELRGC, BEOREELLMETS
ki B,

RERT - FDBRE

WSS A — 5 OBEHENGMTH Do/ ¥ e R &+ 51000, MEAT A~ 5 k52 G X
DB LNAEBRFT -4 2BREL TV ONRGEEZ GRS, Sy HAEOT v 3 0 VERCE O RIHE
225 24 =1, log A=8.6914 (A @ ML (min~1]), Ex10~=1.5cal/g-mol (Fig/, 1993-A) & H

100 A%“P“@ ' : . : 1.0
-
A _AO—0—0T0—0—0
A/o \
80 L — ]
A/o v/v v v vl 0.8

“-:40%//9 \ \ v\ —M%

a o,

/ A/*“"*';ﬁ—{ﬂ:@“@q@-;e/vu 7 8\v-—- V—Vi

200- /A/ /a/e ,ﬁ;‘\ — Y0 VTV —y 0.2
®
A’é/ﬁ/ """
"
0 A &O/v/v i 1 3 i 1 0
0 0.5 1.0 1.5 2.0
0 [min]

Fig. 1 Relations among the cooking ratio x{ —J, temperature ¢{°CJ] and the cooking time 6{min]J:

Data-A

Calculated data: Sample length 0.3 cm; used log A=8.6914, E X 10~*=1.5000 cal/g-mol
(ZHANG ef al., 1993-A), n=1, o=0.085 cm?/min (ZHANG et al., 1993-B); Hot water temper-
tures: 100, 90, 80°C (x vs. 6: a@ Vv, { vs. §: A0 V), heating time: 0.6, 0.9, 1.5 min, Cooling
water temperature: 20°C, cooling time: 0.5 min



t{°Cl

t°Cl

LB S £ — ¥ DBTE

100 | ——a—a—4 -y ﬁ ; , . 1.0
/O/o—-o-—o-—o o o \ “T
80 |- o?""" v v Zw—a-m?\ v 5 0.8
/V A/ \ o€ 0-0Te
60 F ‘3/ N . / \O /,n\,,*,*,,,v,,.o 6
11 / \ v v
v
| e v \
0 ‘f / o vA/ \o 104
/A ’/ v/ \\{3 \o v\v
20 & 0/ / \A“A \O‘O V‘.w 0.2
c /9/ v
I /
L8
0 ‘_____A/" N ‘ 3 y 1 "]
0 1 2 3 4

8 [min)

Fig. 2 Relations among the cooking ratio x(~ ], temperature /(°C) and the cooking time §{min]:

Data-B

Calculated data: Sample length 0.3 cm; used log A, EX 104, 1, a=same to Fig. 1; Hot
water temperature: 100, 90, 80°C (Key: same to Fig. 1), heating time: 2.0, 2.5, 3.5 min, Cool-

ing water temperature and cooling time: same to Fig. 1

100 T T T T T T 1.0
80+ N A 0.8
— A
—
G ,5"0\\/5‘ o
s @
60 | /g/O//v/v’“Z‘\\\ _—e 0.6
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- /07 A / ~0 4 0.4
é@,/v A/@ ¥ v\é
- ’,%/ / /v/ V§©
20 0=0 /A/@/ -40.2
A/G/v
//g,v
A= ";@/
0 = k] ] i H] 1 O
0 5 10 15 20 25 30

4 [min]

Fig. 3 Relations among the cooking ratio x(—J, temperature #{°C) and cooking time §(min):

Data-C

Calculated data: Sample length 2.5 cm; used log A, EX10-4, %, a=same to Fig. 1; Hot
water temperature: 100, 90, 80°C (Key: same to Fig. 1), heating time: 10, 10, 10 min, Cool-

ing water temperature: 20°C, cooling time 20 min
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WTERRF— 2 0O@EEE L, BEE 0.3,
25cm DERFEESEECE 5B E, 100°C,
90°C, 80°C o In#Erhic T @R A sk L,
20°C oEHRPIZFTERBALGETS2 v ¥
LB T 570 b LCERERE Lic, UL
Rk ARELEE, BIEE «=0.085 cm?
/min (3BiEH, 1993-B) ZAIVG-CRe, AuLHE
CHTBH v % FRELEHIICL VRO,
P F — ¥ EHRE L HRE % Figs 1~3
(DATA-A, B, C &¥5) iwmd, Fig. 2 3F
FELVRYGToR, Fig. 1 @7 vx v 7 #8h0h
<, SfEDF—giEN VI GEEOH, Fig.
3 ERERE I A b —ET AR M U e
OFfE LTGRLTV B,

Figs. 1~3 kT, %7 — 2 & LTHib
TAME AT A — 7 OHBICHERT 50, ik
RH & GHEB &L #&bE 6 S0RE (°C)
L7y F L M 6lmin) OBRE, B0 v
FURTEHBIESTS1EO7 vy v 7R
(=) & B,

BFEL LT, Figs. 4 FLU51Z, BEX 0.3cm
& 25cm OBEHEOFRKEO T v F 7T RREIC
BEB7 v F SR (=) LMK @ R
flmin) & OBILR &R, HHIKHEZ %k L8
DY v ¥ IREFELEURT,

Fig. 4 76, BBOE 22 0.3 cm I,
vz 2 b 64K, 0.5 DRHOFEOE
WD TH B Db B, L, 0.55%
EI 18 ORI B H RO IR NG A — 4
(h=0.6675, 0.4107, 0.2381 min~1) {z x4 2 &
P, WA, RBRF-sEHLB0RME- L
n=1, log A=8.6914, EX10-*=1.5 cal/g-mol
hEBORLHEE AT X —F (k=0.8093,
0.4638, 0.2575 min~1) CH- 2B TH 5,
BX 0.3cm OB MG AR CERE
MNTEBEEELCHEENRT 2 — 7 BROIFER
(KuBoTa ef al., 1978) (%, Wi & EHoELG
hEL BT Db b,

Fig. 5 76, BEOE X, 25cm ikihbd &,
BAHE LT L Oz s b »C, 59%H, 20
S L G BT STV A v R LR
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MBI B 2 EHoin B,

S 1 i)

0 [min}

Fig. 4 Relations among the cooking ratio x(—]

and the heating time §{min)

Calculated data: Sample length 0.3 cm; us-
ed log A, EX10-4, n, a=same to Fig. 1;
Hot water temperature: 100, 90, 80°C
(4 0Vv), Plus cooling time (20°C): 0.5 min
(a®v); Calculated values: £=0.8093,
0.4638, 0.2575 min~! obtained from the
values used to data (----), £=0.6675,
0.4107, 0.2381 min~! obtained from this

data ( )
1.0 T : n =t
A//.’//;;%y:g
A 2 v/
o 7
0.8F ///5//3f7/ié
A/Q v, P
V'
/Y KA
4
0.6} A AR
— /O / D/ y;
_5_4 % A4 / / //
" o/ Y
A
i /v/o /4// /D
A /
/:g/ y=: 3
v /7,7
0.2+ // /B 4
/A o Jo,
V s
B >
R
0 gl 1 X
0 5 10 15 20
0 [min]
Fig. 5 Relations among the cooking ratio x(—)

and the heating time #(min)

Calculated data: Sample length 2.5 cm; us-
ed log A, EX10~4, n, a=same to Fig. 1;
Hot water temperature: 100, 90, 80°C
(<op), Plus cooling time (20°C): 5 min

(60V), 20min (a0 V)
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ORFErEERD L, RBEHVTA L ED from CZ, CE and OK methods
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T, 2T 5 0, OEZRECRFEELEEBLTED, b 2R02HEECHL, 4 & E OfHIE
Ll B 5E CRIET 5, ZOFEIC LT AR BASIC 7'm /9 L RIFH L, HEAS A—2 08
HEITS, FHEOBME, FEEr0H (1992) #EBShit,

STHEEBREER

CZ & MC Figs. 1~3 KRELHERF— 7 DATA-A, B, C »oMERT A—& bR iosii s
Table 1 {ZR¥, Z ik, RBRF— 2 0BBICAHVTc EX1074=1.500 cal/g-mol O #(7) e Ah
1==100°C, 80°C, 20°C L% % TRl Z=47.95, 42.65, 28.80°C Z{H®E Lic, NG5 £, 1, Mt
BB 100°C, 90°C, 80°C & Lic, MEA T A~ 4 OBOoRERE, EhT— 7 OREfE-
el & HB LT Fig. 6 1itd, Fig. 6 22 5bnsdk o, ERF— 203 % LOLET BTV
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Table 1 Calculated values of thé rate parameters log A and EX10~* by the CZ method
Assumed Z=47.95°C

Data Assumed #,(°C] log A Ex10-¢
A 100, 90, 80 8.1749 1. 4200
B 100, 90, 80 8.6162 1.4891
C 100, 90, 80 8.9918 1.5917

Assumed Z=42.65°C

Data Assumed £,(°C] log A E x10-
A 100, 90, 80 8. 4076 1. 4565
A 150, 120, 110 9.9180 1.7186
B 100, 90, 80 8. 6505 1. 4940
B 150, 120, 100 10.0318 1.7363
C 100, 90, 80 9.4371 1. 6500
C 150, 120, 100 10. 2942 1.8110

Assumed Z=28.80°C

Data Assumed #,(°C] log A ExX10-¢
A 100, 90, 80 9. 1566 1.5743
B 100, 90, 80 8.7492 1.5090
C 100, 90, 80 11. 1460 1.8720

where, Almin~!]), E(cal/g-mol], n=1
used Calculated data (Data-A, B, C: Figs. 1~3) which
obtained by log 4=8.6914, Ex10~4=1.5000 cal/g-mol, n=1

10-1=2.5000, 0.5000 cal/g-mol &2 THE LI, REICKT S b, &, WHBORE 100°C, 90°C,
80°C M L7z, Fig. 6 »bbma Lok, CZ HLIDLBUGERIEORTV 5, RBF- 40 FEL
il Foa (DATA-A) 2k, K& R AR - TS5, REICKT S §, OEEKES
150, 120, 100°C %z 1= BE& 0S¥ DATA-A i2>0 Tk Table 1R L\ gusns, Mo il
BEEBIc A o1, CE BT, ERF-FEFELVCEHTCHELRIE, HFELV 4, OEEZHRETSZ
ENRELEZ OGRS,

OK #:# T Fig. 1~3 % Lk — % DATA-A, B, C »olEART A -4 PR ERY
Table 3 KHEA, COBELEHEEN AL CERE—ETIHRICL > T2, &y &, MAGBORE
100°C, 90°C, 80°C ##iH Ui EWF— # 2T % L VR ToEE (DATA-A) i2ik, CE $&idtn
FHRI K E B BRI - T B, ZOBES 4, Ok E < 150, 120, 100°C L E 2 1o &ic il
Hr B 5ERPB O, OK ek W THERF— 2 EFE LVRUTTH LB &, HFELV 4y
OEERETH ENLELEZ GNRD,

&

MBIC BT, Sy HALE07 v % Lo FEEROBELOE LT, FERERT - 40 oHEART A —5F
PRET AL LT, MR RE R 2 (RIEEIEFES, 1981, 1988) &, Ml iic
B8 (MERZsy, 1991, 1992, HEigh, 1993-B) & &MV AHRET > TEL,

AP, cHETKRLTELBEALFBREOCTORBRR T, £k, 2vx L7l (C
i) HA-BHEkoFEE (LEONARD ef al., 1964, OHLSSON ef al., 1980, HARADA ef al., 1985, PRAVISANI ef
al., 1986, WA, 1991) (20T 5B REOREE Lic, R LAY v &R RO B, Z #Ho
FET B L Y R RSB ORTELEROFEL Y bHHTH B, AV I LR ELTE

i
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Table 2 Calculated values of the rate parameters log 4 and Ex10-% by the CE method
Data-A, Assumed #,=100, 90, 80°C

Iteration E,%10-1=2.5000 E,x10~4=0.5000
time log A Ex10~ log A Ex10-4

1 9.3703 1.5968 6.0417 1.0851

2 8. 4923 1. 4681 7.7744 1. 3555

3 8. 3406 1. 4442 8. 1950 1.4214

7 8. 3037 1.4384 8.3034 1.4384

8 8.3035 1.4384 8.3035 1. 4384

Data-B, Assumed /,=100, 90, 80°C

Iteration E,x10-4=2.5000 E,x10-4=0.5000
time log A Ex10-¢ log A Ex10-4
1 8.7436 1.5070 8.1714 1.4218
2 8.6176 1.4882 8.6018 1. 4858
3 8.6142 1.4877 8.6138 1. 4876
7 8.6142 1. 4877 8.6142 1.4877
8 8.6142 1.4877 8.6142 1.4877

Data-B, Assumed 7,=150, 120, 100°C

Iteration E,x10~1=2.5000 E,x10-4=0.5000
time log A Ex10-4 log A Ex10-4
1 13. 0624 2.1929 4.7378 0.8936
2 11. 8067 1.9964 6. 4454 1.1591
3 11.0023 1.8706 7.5549 1.3319
7 9. 8065 1.6836 9.2182 1.5917
8 9.7188 1. 6699 9.3408 1.6108

Data-C, Assumed #,=100, 90, 80°C

Tteration E,%10-4=2.5000 E,x10-%=0.5000
time log A Ex10-4 log A Ex10-4
1 10.5999 1.7243 5.9625 1.1744
2 9.1901 1.5615 8.0716 1.4345
3 8. 8810 1.5266 8. 6302 1.4983
7 8.7941 1.5168 8.7935 1.5168
8 8.7939 1.5168 8.7937 1.5168

Tk Y, BASIC e 75 ARMER L CK EEMTHD, ZOHER, BECSCTLICHESATET
W5 ZBESLCF i GRERE S 5 MEAFHIERMT C MR URG-2T 54 ®AV3HEICY
HHCE S, Efik52C FHEERCBIE: FEHETS) &, koKl FZik) osike LTHR
BT 5, MRz L DREIRICBIEY v ¥ o ZEME AV 5078 (A IE2, 1992) $REATTETH - 1o,

WEE AT (RIWRED, 1992) @ Table 1 DADMAGRERE<E-TH Y, HH GEiEhs, 1993-A)
o Table 1 iZ5|H o, Fig 4 OBIOEE, B B, 1993-B) o Fig. 2 oMEBIBy 2H Y,
STEERBL D oV, Fie, B GRiED, 1993-A) @ Fig. 4000)D B & CHMECITIE 2B v v,
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Table 3 Calculated values of the rate parameters log A and EX10~* by the OK method
Data-A

Tteration £,=100, 90, 80°C i,=150, 120, 100°C
time log A Ex10- log A Ex10-4
1 3.5758 0.7010 1.1824 0.3306
2 7.1149 1. 2520 3. 2807 0.6570
3 8. 4104 1. 4550 5.0220 0.9284
7 8. 8589 1.5259 8. 1624 1. 4175
8 8. 8600 1.5261 8.4128 1. 4565
Data-B
Iteration £,=100, 90, 80°C £, =150, 120, 100°C
time log A Ex10- log A Ex10-4
1 7.3760 1. 3000 2.9648 0.6184
2 8.6817 1. 4984 5.5430 1.0150
3 8.7336 1.5061 6.9932 1.2380
7 8.7354 1.5064 8.5829 1.4829
8 8. 7354 1.5064 8.6519 1.4935
Data-C
Iteration 1,=100, 90, 80°C £,=150, 120, 100°C
time log A Ex10- log A Ex10-4
1 4.1624 0.9349 0.9923 0. 4454
2 7.4353 1.3522 3.5026 0.7893
3 8. 4254 1. 4700 5. 2946 1.0344
7 8.7517 1.5079 8.1623 1.4270
8 8.7524 1. 5080 8.3764 1. 4564
@ A KB 2
A TRBYDART A—# C ¥ v% sl (min) E ERB)0ATA—4
FooosET 2kl & B R@QoRTA—H n T RQDATA—H

Rg @ SEEH (cal/(g-mol-°K)1 T Z, MERE (°K] PR, MERRE (°C)
x BRI (-] Y ERITGRE () vy RBEAROAE em)
Z 1 Zff°C) « O EEEEE (em?/min) 6 R, WHEEFR (min)
o, e, ¢, m: WIUHE, THHHE, BIEME, SR

58l B X ®

i S SPREE - PE M 1993-A, Sy HA DI vELLICRITARERLELES vE L SHER
B 2009, KRB ARSEAYEESETE, 32 £ 23-31.

Bk ABHE - HERE, 1993-B, Yy HAE07 v F ST BR ST S v & o BT
LPIGE. 5B A B AC B, 32 1 127133,
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Determination of the Rate Parameters in Non-isothermal
Processes used Simple Methods

Kiyoshi KuBoTa, Ge ZHANG and Yoshio HAGURA

Faculty of Applied Biological Science, Hiroshima Universily
Higashi-Hiroshima 724 Japan

In order to design and to control various food transforming apparatuses such as for the
chemical reactions, cooking, sterilization and so on of food materials, it is necessary to deter-
mine the Arrhenius’ rate parameters from the non-isothermal experimental data of cooking
and so on of food.

In previous papers, we have studied the cooking rate equations of potato by various
methods such as non-linear least square method (KUBOTA ef «l., 1981, 1988) and simple
methods (OKAZAKI ef al., 1991, 1992, ZHANG ef al., 1993-B).

In this paper, we investigated the determination of the rate parameters in non-isother-
mal processes by using simple methods proposed in previous papers. The modifyed cook
value method in this paper was useful for finding the rate parameters in cooking rate equa-
tions. The corrected cooking time method (OKAZAKI ef al., 1992) was useful too as simple
method.
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