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Abstract

There are presently many problems in the production of Chinese bacon, slowering its further
development. Toasting, as the most important procedure of the production, encounstered with the most
serious problem, including the coat scabbed with the moisture difficult to evaporate, the hard outer of
product and the soft inside, and the low efficiency of toasting energy.

To solve those problems, dehydration kinetics, moisture sorption isotherms and the volumetric
shrinkage of pork tenderloin were researched in this study. Applying the models, concluded by the
former scholars, after their experimenting with other materials, the drying curves and the sorption
isotherms of pork tenderloin was simulated. Then, the toasting procedure of Chinese bacon production
was improved on the base of this theoretics, according to the dehydration characteristics, with the
satisfied results.

It was found that there is no period of constant drying rate in the dehydration process of pork
tenderloin with the dehydration completely controlled by internal mass transfer; air temperature was the
most important factor affected drying rate, the effective diffusivity coefficients was a function of air
temperature; the volumetric shrinkage of the sample was affected mainly by air velocity, whilst effect
of air temperature was negligible, moreover, the relationships between the shrinkage factor and moisture
content appeared linear, Modified Henderson and Pabis model, expressed as MR
=aexp(-kty+bexp{-gt+cexp(-ht), best described the dehydraticn behaviour. The Henderson model was
the best fit to moisture sorption isotherms, and the Henderson equations are suitable for representing the
relationship between water activity and equilibrium moisture content. At last, 3-stages toasting
procgdure was proposed, embodied as follows: (1} Pre-heating: 40°C, =90%RH, 2h; (2) High
temperature and low humidity: 70°C, 40%RH, 30min; (3) Low temperature and high humidity: 40°C,
60%RH, 15h. The microbial safety moisture content of Chinese bacon could be recommended the range
of 25%-35%.

Key words: Chinese bacon, toasting, pork tenderloin, dehydration kinetics, moisture sorption

isotherms, dehydration model
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() FBWFK MAPIELIKS (380%) RUARBFHAAREFETHL., VRIS
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MEERESRERETRMER: W TERTRIRAMEMBN TR, WS Rm—E.
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Fig2-1 Schematic drawing of the apparatus used for the drying test
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RBE  BET A (s
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5 60 2.0

2. L5 {ESR

MWL TR SPSS12.0 7 Ak

B, BHaBEH Origing.0. Excell2000 %R,
2288594
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Fig2-2 Vatiation of moisture ratio with

B 2-3 BB 4 40C, REHH 1. 0n/s.
1.5n/s. 2m/s BYF 18 dhis
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Table2-2 Mathematical models given by various authors for the drying curves
Maodet  Model equation Name References
no,
i MR=exp(-ki) Newton Liu and Bakker-Arkema (1997)1
2 MR=exp(-kt") Page Zhang and Litchfield (1991)*8
3 MR=exp(-(kt}") 4R Page White,Ross and Ponelert (1981)1°
4 MR=aexp(-k1) Henderson - Pabis Chhninman (1984)°9
5 MR=aexp(-kt}+e Logarithmic Togrul and Pehlivan (2002)1*"
6 MR=aexp({-kgtHbexp(-k;t) Two-term Rahman andTheband (1998)1*!
7 MR=1+at+bt* Wang - Singh Wang and Singh (19781
8 MR= aexp(-kt}+(1-a)exp(-kbt) Approximation of Yaldiz et al. (2001)*9
diffusion
9 MR=aexp(-ktytbexp(-gtyrcexp(-ht) 2 B Henderson-Pabis  Karathanos (1999)1")
10 MR=aexp(-kt)H{1-a)exp(-kat) Two-term exponential  Sharaf-Elden ct al. (1980)7

TR WR= (WMD) /(Wo—M)
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Table2.3 Parameter values for all models of drying curves at different temperature and velocity

oy 2% 8F (T) PE (m/s)
40 50 60 1.0 15 2.0
Newion K 0.1241 0.1438 0.2038 0.1147 0.1165 0.1241
Page K 0.1800 0.1921 0.2757 0.1449 0.1648 0.1300
N 0.8418 0.8692 0.8364 0.5029 0.8558 03418
Modified Page K 0.1304 0.1498 0.2143 0.1177 0.1216  0.1304
N 0.8418 0.8692 0.8364 0.5029 0.8558  0.8418
Henderson-Pabis K 0.1128 0.1335  0.1501 0.1083 01069  0.1128
A £.9123 0.9305 0.9368 0.9456 09209 09123
Logarithmic K 0.3079 01306  0.2022 0.1004 01012 0.1079
A 0.9184 0.9328 0.9330 09577  0.9286  0.9184
C 00131 -0.0061  0.0151 00241 -0.0165  -0.013]
Two-term Ko 2.4784 2.1081 1.4730 1.3756 14750 24788
A 0.1422 01260 001650  0.0978 0.1378  0.1422
K, 0.1061 01256  0.1700 0.1035 0.1003 0.1061
B 0.8579 0.8742 0.8343 0.9030  0.8631 0.8579
Wang-Singh A -0.0820  -0.0897  -0.1069  -0.0793  -0.0789  -0.0829
B 0.0017 0.0020 0.0027 0.0016 0.0016  0.0017
Approximationof A -187406 -199368  0.8345 144739 99343  -146142
diffusion B 1.0000 1.0000 8.7125 1.0000 1.0000 1.0000
K 0.1241 0.1438  0.1701 0.1147 0.1165 0.1241
% B Henderson A -0.0184 0.4958 0.2983 0.3298 0.1377 0.1422
- Pabis B 0.8185 0.3784 0.6022 0.3298 0.2315 0.2656
ol 0.1995 0.1260  0.09%4 0.2860 0.6316 05924
K -0.0334 01256 03037 0.1083 14752 24789
G 0.0893 0.1256 0.1484 0.1083 0.1003 0.1061
H 1.2261 21082 152758  0.1083 0.1003 0.1061
Two-term A 0.1350 0.1247  0.1869 0.0986 0.1325 01350
exponential K 0.8008 1.0154 0.9006 1.0504 0.7669 0.8008
N
MR__ .~ MR
x 2= Z;.]( exp, pred (2-1)
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1 & :
MBE=—]GZ{MRP,,, - MR,,;) (22

i=1

1 N 172
RMSE= [FZ(MRW - MRW,,.)Z] (2:3)
i=l

e
MR, %% i VAR EABIRAS H

MR, W% i AERETHARNKT T

pre

B 23 40, #A 9 EHFAN R MRA, x°. RMSE LARk MBE (R, BERERE,
R@T RN Bl: (R Henderson-Pabis BRI ES T AMMPHREBEAK
TR Two-term BBIBURIZ, BEMR Wang-Singh Y. B 24, B 2-5 KB T ZEE
ARBRIFORR, FRRAGTEEER y= Wi, AHE 24 PREALEEEESE, &
HRR TS HIR L PR RS, KR Henderson-Pabis #IZIRERARIF IR RUE—
i, FRBET, FEAAGTRIES.

- 2 " LOw/s
g » Lw/s
044 & 2.(w/s
[(VE
oe 2 e o8 o I o a2 o4 a8 os o
g M WK
-4 FRARTHSKEESTEINAENXR M 2-5 FRAEFBARESTEMNERXR
Fig2-4 Comparison of experimental and predicted  Fig2-5 Comparison of experimental and predicted
moisture content at various temperature moisture content at various velocity

TiEER, —SPEEXKRE. BRTRENOHARSE, DEHTRERRDE Y RE
YRR, Wl R, FLBRE. YRKA4RE. BRKASGEKHEAHE. el WEAE,
FEMBRL2HFAR, A2 7. Ibrahim Doymaz (2005) '“HEUY Page A BES 4
SF1%, S.Lahsasni et al (2004)* 4% Page HEVARKME TR . H ARIEF Logarithmic
BEMNE R A P ER TR AU RN TR SR, ™
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Fig2-4 Results of statiscal analyses on the modeling of moisture contents and drying time

By R? x? RMSE MBE
1 0.9856 9283%x107* 0.0302 0.0023
2 0.9941 4.00%10™ 0.0184 0.0047
3 0.9941 4,00%1074 0.0172 0.0048
4 0.9925 317x1074 0.0156 0.0026
5 0.9930 267X1074 0.0129 0.0023
6 0.9973 2.00% 107 0.0807 0.0025
7 0.8966 7.20%107* 0.0272 0.021
8 0.9871 9,50 1074 0.00835 0.003
9 0.9975 1.33x107* 0.015 0.0017
10 0.9961 2.83x107* 0.0302 0.0031

2.2.3 Tipig®E

RIFBARYBIEH KD SRR RE, AERA Origin ZAFRHlt dM/dt, (AWl

TREZ,

B 2-6~B 2.9 HTRELS KA S RATREFAGXRE, THRERMHN E R KK
FERNBEMELTE. AETETUEY, EEEFATRIRTRAGEETRENER, R
B-BRETRUE. RRVHBEATRY, ABKIESESETRILE.
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Fig2-6 Variation of drying rate with drying time at
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Fig2-8 Variation of drying rate with drying time at
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Fig2-9 Variation of drying rate with moisture
content at 40°C of drying air

LB 3 KRR HERY, TRELZEXSTRHXR (-dM/dt—M) RAFEE S,
MTRERE TR EAXR (dMd—t) RIBRAERERI . Bh_REFAERWT:

LREANE, BEELH

a =0.5853 x exp(~—0.2496¢)

dt
R2=0.9510

_‘_iﬂ_l_ — 0.0866M1.!|03
dr

x 2=0.0010

R*=09821 x*=3.72X%10"*

SRETE, RETALH
% = 0.4227 x exp(—0.1906t)

R*=09217 x*=873X107*

a _ 0.0547 011
dt

R*=09723 x2?=308X107*

RMSE=0.0186

(2-4)

RMSE=0.0308 MBE=0.0147

(2-5)

MBE=0.0045

(2-6>

RMSE=0.0286 MBE=0.01343

(2-7)

RMSE=0.01700 MBE=0.005855

M ERENASHTEE RTTEAE S, MARRNTFH (R BATF 095, chi-square(x?), FHi
# (MBE) #1977 (RMSE) IXZ=IRH/MF 0.01, {RO5EHBEIR 47 1 PRI T SR g B 1L 1508
FrEl, TRERLKGFTROXERNEBRN, TREESTRNENXRZBMEHRERS
fi.

2245 R De
YHBESRMT KT HGHS, Crank (1956) ZE—FEFNBREMY F, BT
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# I A PR K T BT R
M _ D, M R M N *M 2-8)
ot A, S

BREREK A, ERKEET, REKDRERESE, FRC-SMBNT:
3
M-M, =(-8—,} xexp{—Ds't(-ii)-[-l—z+'Lz+"‘l—z]} 29
MM, \x a )\ L L
AL . LA L R, R,

Andrien F Stamatopoulos (1986) FMEH T—/MA#H). 5 D EMAN, HAXDHET
BRBTSHEH. ER Yasuyuki Konishi & (2001) PR AERI AR, &TEERNK
BAGE, REATER, FRECAHEMNTRKELE, Bt SIEAR Q9 Bt L,
T T EcE, BEEAERERISRABNESE, AR L r,, ®AA.

- 3 2
_A{_Mf_=(.iz) xexpi—D,_ -t LN _,2_?.}.12 (2-10)
MDMM' 7 4 (k.rc) hC

Rebr, WEEEGER, b BEEGE, FAREFRERK.

HuFRRDBAEAEEY AR (19mmXT70mm), k%T 0.804.

PEAN DREHRE I, LRRARKATRER (M- M, /M, -M,—t) 5B
BB (M M, M, ~ M.~ F, =(2*/a)-/lc-r.Y + (/5 ) Lo amss. mam
S35 origin WHFMA 548

)
= at xp @2—11

- [E]
dFB theo

2-10. [ 2-11 RET T HRER D 5K FRITKER.

MEFRTLAE . R D HREA RTA R, MRS 3, BENT
ARNBSATRE, RN, ¥ EREEAS S BEATUAD: ERY, 7 HRIGIKS
SRR/ RTIREN . X RE D LT TEN, AASTB R TR AR &,
L BUR B BRI K,
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Fig2-10 Dependence of moisture diffusivity on Fig2-11 Dependence of moisture diffusivity on
moisture content at a constant velocity (V=2m/s) moeisture content at a constant temperature (T=40C)

MAEEY BARY DS TRIEPER, AR (2100 PDLUAFEH. EXAFHLRA

RHYUE, fEE h[ﬁ) —t. EEAHEISHRED.

& 2-12. [ 2-13 5k THEES R D MERARENRALXR. B 2-11 RUIZTUEE
Fort, FHER D, MRAERMCEER: B 2-12 RALTSREFEN, §HREY D ERE
FrT . B SEET RN, REASERMER, R R KA RRETS A RREA LT
XA S BEYT RN, ERAEX, FUT RS SEE2ENX. X5 Arhenius
RARRENGFER “THRERSBRAX" —H.
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Fig2-12 The changes in the apparent diffusion Fig2-13 The changes in the apparent diffusion
coefficients a1 40°C air temperature coefficients at 2m/s air velocity

17



o Ak R A BB BBEENEANKYTIBHIFE

2. 2.5 BEILEEE,

FEERRE T RN, T HELRKCMRET I Hod BT T, R
fRATEAEN D BN EBANETARX, BAY BISHEREA KRR LS

B

Arrhenius RIAHK: D, = D,exp B (9
R-(T+273.15)

ﬁ*DoﬁFﬁﬁﬁv %T=°°Hﬂ-1 D0=Dz

E, A1 #uEise (k)/mold
RS 4EEY (8 31451]/kmol)
T iR

BAFLIR E B mq:ma—iﬁé%ﬁg (10)

10D, ———190 __sxinm 14,
R(T +273.15)

BHEAE, RERETTENE,. HHSRUT:

% 2-5 FEKS QMM HIE LR

Table2-5 Activation energy of various moisture content 211 # 0. 5g/g-d. .
- _21: 2 A M0, 7g/g-d. b.
FEAIER TSR E, 213 &1, 5g/g-d. b,
X (kJ/mol) E -21.4
~ -21.5
0.5 237 5 216
-21.7
-21.8
X 17.64
0.7 -21.9 1 I I 1 - _
2.95 3.00 3.05 310 3.15 3.20 3.25
15 24.12 1/(1+273) (1/1000k)

EH2-14 ¥V EOSHLRES A SBIRER
Fig2-14 Amhenius plot of moisture diffusivity

#2-5 ¥, FEIELERRAD S BMETIREIE. Yasuyuki Konishi 22 g5 igmnt
BRFPER, BR WAM. McMin ZUFRLARREAREREHE, FEELERKIE
BRETENMERER. —BREEVRT AR RNAKS T BiEEE, itk 2-6.

FRAKMEIERBENTAIERAK S SEAE,. 15, BETREBTRMEKS TARK
ERFURKST R LIRS HNSIEZANB. Bk, KPREMFAIRE MR TEMLE

MRS,

% 2-6 TRARMASY WELHE
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Fig2-6 Activation cnergy (E,) for moisture diffusion in various food materials
g E, P Sy Sk
(kJ/mo}) (%—d.b.)
OB 25.2—36. 2 400~ 100 Meminn and Magee (1996) ™
BORFIE 4 22—26 23—5 Litchfield and Okos(1992)"™"
#RFIM % 25—26 23—5 Waznanen and Okos (1996} ™'

2. 311iE

AR AET, NREANERIEETE. aTRELH TRAR
MARSHBR AR, AL, ETERNE, BUALESE, TRARGRE. REURN R
T 5T 484 AR E — R e R R BGREE: JFH, BB, AR R N2 [F
FEAETAEH.

DA RE A T2 00, RBRARPAIINE®, SulESRETZ. REAERNE>T
EPELEEN—R: BR, BRE T EAEHEEE: WEREERTEREETEAM
SR, TREFRFSANMEAREE, SRARESREH, KoRBEIRIERLE, B
R, RMAEE, AARK, WEEw™REE.

PR T8 RSB E TR A h RS HERS, WLURIENEUE T2 = MR ETT.

1) TG

ERBRAIRAY B TRIIERTEZ RS TR, WARKSTBERRE T RKE
B, WEAMEBIREIN KD, KMBRERKA, HIABK, KoAABSHGEBEE
wgtik., HERXRRE, YUEAEERERER, KMENSRR REREKTS. KL,
ZEPE Y SR R RGA TR GEXHE BT =00%), WARMAESNRYKIHE, AFYE
Peid K v

2) FREERK

BRI TR M Ll R EE MR TT LR H, ERARMBNE, BRAERER, Ko
BT, FAREACKRERERE 44, 5hE, KHSRBEBRE, i, RAKERHBE
BRHE. SOETRFETMAIEH, TARRKS LR RRSIRKHERES), REIRRE,
REMIMSEAXTE. Eit, I TREMENR, ERADENER, NZRERBIKERS, &
REMEREE, R#ERHEKYMINTHE, MmBKRR.

1) KRRERE

23 BEERA)S, AREASBEREKT, HEKSBERENRD, #3778,
RS R BOR R M. H, SFREREKSHEARERE, EREAKDERELNA
WAATBEMRE, UaREAIERRR WEBKIRTRMNE, SHAREER. 57,
A AFERR N X, B, EBAERN, NMMEFRERE, RETFEHNTRE.

TRRREAY, BEATRERNEEERER, REPRRD. ERHERDREAT
S, METEREEE, TETVESE, RETHEEA, RERBREATSREST,

19



R KR A ' F_F BESAKAKRKSTRYHE
e e ——————t it —-—————

BREEAEITT, HEERE 1.0m/s.

BT R Henderson-Pabis WREUAREIEE R TS B4R, prol, BRI R
T A S KR, REER AT HEB BHEKA SRR EAB KN, BEEHEE
KRR, YREEEENR, ELRRE R RE.

2.4 KEPE

AFLL 19mm X 70mm BEAEH AR E, SIEEARGEN TR, BoKdEER
Eme. ATRHAE N BRETRENARFANEERETEN, SHTUTES:
) BERFATHIRELZANKITEBES.
2) FHREESKYSRAXRBAERISA:
M _ 0.0866A1151%
dt
TP 5 TR E 1920 R RS R 58
—‘g{ = 0.5853 x exp(—0.2496¢)
3 ARHEEA, BRETREENEEEWER: KRR,
4) FHEEDLEAEEAX, SREXRTL.
5) ¥ EECEEREA K S B TN,
6) @& Henderson-Pabis #M: MR=aexp(-kt)+bexp(-gt}+cexp(-ht) BESEF KIEILHETH PIM
TR,
7) REDRFBERHENRSTS AT, REEEHK, KEBEMSE=1HE.
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AEHBUE - HERHIANE R DR, B0E ATl B4 RE AT B A I R S T
2, MRESN. THESAREANRRYALE. By —ERE#NEARELE, WEBRA T
1, FRERAEEREE.

P E, BAGLEA, FEERK, MAFTRANRESE. BEANER &4 SEM
BIRKTHIRA, AR A RO R AR X — et B (0 P T S A A 1B R4
FEARRFLERE. (REEECEBMTT BNRALEPFENEE RS, ERI T
MRS H MR, VT TEMEARAL. TIAEENRE, BAFHRRLIEHER
EREEN, HZERREERARTRT, ARNBTNERGE, ERRAER. FiERE,
REARIDERMAEL A (R Bk SH NS BITRMER 08 FrdE, Eg
i, ARAKERSMERE. ¥k, KATRRE-FFIEL, NDERNGREETR EF
WA, HOKEN, BEELF. 1M

ARSI E D, SUERBEAN A AR ROEREME R, ERABHELRES, M
RREBEXBOTHFZ—, HEEW™ SRR, RBAREE, EHEITEP SRS RRN AT,
BFHHR, HAEEEETZPREZEMEEREA, HEHRA36~REESARREKR
ERAK.

HEBKE, AR MR, REASIEEER (V) FABKIT BOEE (V).
1 VeV, it AMAKMESRBUKEELER, AR BE: X v<v, i, BEAMNUOE
KPR, EREAEES, A2NARY BEESRMUGERE TAFNAERD RN,
KRR L, EFREES, FLePik) BECAOERITARY BoER, mA—-L8, MK
ARMCERKT WET BOER, RERARRRIT TR AOEE . IR, SRR
AR SPENEARA; ABAD T REETENETEUNMERERR, DHBENKS
8. BENRREE, WESNRATERLE-HMETRINE, BABLREMRELRETS D
WK S Bk, BEERAGTRMSIT, AEBAST BETWAE, BRI KM ZETES
B &4, ENIRSAH.

B HE AL, RS RERRE, WEFRHTRHARNER. a0 A&
FRE, REHREFARTIHBEABRTEZ, RO TRAR—RESE™ BRI ERT. Bl
MASNERE: REAMCCERERERTAEASY BOEE, AWK TEREHIEIHR
B, ATISBRESH, XERRSR—PHERKMEE. R, AT EREFRKASSEE
ERKTBAA, REPKBEIBRMEMH,

HEERER RETEREH AT BRSSRIUETRS T I BET: i BRE
i KRR 2ERRHARRGRERESH.
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3 MBETE

3.1 1R

BEMASRTER (WEBTRERMEE). fih. 0. B8, YERLE. RUALER
W FFERE.

3.1, 2k Ba Y EE
TC-P2A £ HEHWABET ERERE R BB ARERAR
DHG-9076A EIHERERTIRE HiggtLRitEERAR
e BRIR B {58 STT-P &7 $4mm IR LB EHRAR
DNP-9082 % e SRR FE5E LERETREEERAT
BVRJ-60 EA= M REHEEMETEAERAR
BYXX-50 {EEEAS BN TEERAR
DNP-9082 B s phim iR i aess FEREXRBEERATH
Model 235 Warner-Bratzler Meat Shear G-R Manufacturing CO.

LLIRWMAE

3131 HEAEAR

Fish BEEEBRE, TEFREFERNEEN 100%, EEMEFEABRA—HK, URE
FADHERHER, BTN 40°C, H AR A AR M W PSR ch OB B . SERERE IR I TR,
ZERAETRCED, POBEETIANRANEL. AEHERESTTRRE. B4, BERF
T, TFRMEHIE R AR RS 85 R OB .

BARERA HFARABERBZITSRESOTRE, 25, 88, BHIZL4E, RE
FERFEY 80°C, AFHEHEA 50% T, 25IH% 30min. 40min 5, MEHAKHTE.

REHEHE SUREEBEAR, WPOAHSKOCERE, FUZX—HETEAOR
THEKSY, DERBEE. RIEXR, BPAERKNBERREN 40C, AT EiF RS RNRYE
BTG, MORHUBREEE A 40C, HMBEEREN 70%. FHNTAIHET ARE AL &
RIEESRE, RAEAEKSRAOMEEEES B, FETRAEMMARE. FETSEM
REGERTL, NIMEER B, REAK, ARSI EETRRERER, 70K SRR
FARBMR,

PO AT FORA T ERATIER. i, RKEH R 16h 5, KOS REE
BT 25~30%, ERARNASERR, BKEXARGHAL, FEREE RIKEL TR
AR BARNER. BEFAR. hTH PR, #4177 THEHRE.

43 57 B B BRI R SR B R R EAKCR, AR5 BRI AL 18h JE K4
ARANMAERLEA.
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£3-1 BFKER
Table3-1 Factors and levels
EF fiediE (hd REEEHEAKRE (min)
*F— 0 20
KFEZ 2 30
KE= 3 —_

3132 EXER

RETFIEERRYEGBRBEAT KT SR, TETREED, B MRIEEHEK.
RRERAE =, HERW, HEHN. RLAETRE, HEXEEATFRNZES
A.

METRRFHERN, TR, 6%, BRHLE: RN, REREME (NaCR.5%, 506
%) HRBERE, BOES. BE. THRWHRRIARERES2H.

ZERFARE, HEEXARETAY, R&3-2, £33 . FHIEEL: CHHE. 3

H. K EREBEIFS.
%32 EXRRAFKER
Table3-2 Factors and levels

i it %3 Bk Bk B B

HF
HEA HEB REC BED #EE BEF HEG
A 30 h 70T 40% 30min 60% 15h
40C 3h 80°C 50% 40min 70% 17h

H BAHNEIRERE: ML RSN L R NN BER S 40T

& 3-8 R
Table3-3 Design of table
1 2 3 4 5 6 7 8 9 10 n 12 13 M4 15
A D C o
A B X C X D X X E F G
B E E D

3133 MEHE

Ka&R: 2N CBI6IS. 15-88

AEHE: TC-P2A £HIWEEET. R—NRANARE, T, BRARETHLIE B
BRIET, AERMERARE, ARt SSKET BRESSTmEN L.

WY R-HEEUML. REMMANEIS, #RYIE 4X0.5X0.5em BIKT#, FR
AR, MRS, BABRHE, RLED, FOCKEPEE LS, A, L.
M=IKFAT.
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3.1.3.4 HiE ik

ARG SPSS12.0 55k
B, B4R Origing.0. Excell2000 A .

3.2 BREHH

3.2.1 BEEAE

3.2.1.1 Tk

B 3-1 A8 A8 R BRI T EIR XA A, TIRES 8 ARZERUE 3T b A iR
FERERT E] R 3RAL R R SR 3-40
a SRR R XR.

40
35
30
25
20
15
10

5§

0

BE (CO

0 100 200 300 400
i [El/min
B 3-1 #id LR RS R B ML
Fig3-1 Variation of the center temperature of fresh meat with heating time
b FEHIE PIFFE 5 0 FERE A R 3R AL - :
%34 SHMEHREDOEEERARERTILER
Table3-4 Variation of the center temperature of cured meat with heating time

R Cmin) 180 240 270 290 350 430
®E  BRR— 35 35 15 35 36 16
© e~ 36 36 36 36 36 1

Bl 3-1 AT40, SEETUAR, a7 180min PIPLEREF BIRER, & 180—250min 2 1T4E18H
B, 250min FIREERE . B, AFREEEHRERATEP.ORER, WA EhE
7T 180min, BIHGRRENRE—B, 7 180min FRETLREELSRTE. FiLl, BN
SKSBERY, BANBR 3h 2%, LR, AREERIFEREES, EBEATEPRE
RERBLAFBET .

3.2.1.2 BRI K
iR BT R
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% 35 HREERUEE KRNk SR
Table3-5 Moisture content of sample after dehydration by high temperature and low humidity

BiE Eati:
Fef—
40% 45% 46% 3% 41.3% 5.5%
(30min)
=
51% 44% 45% — 46.7% 3.8%
(40min)

ZERK 40min 5, RIRAREFF R0, WIARERKSBREREAR, BEAKN, WHUKS
G2, SHARAE, TR,

F5, —B7K 40min f R T LA MR —BK 30min BRIK AR, WTAERE N PR R BT
3Rl FITECERBAARRIRIBRAEEXARA AR RIER KFLEE AR
B, BTN &R 70~80%, TOMRBIPAS&RAN 8%, WERFREATER
Fhaki & A2 PHRBRKMRE.

3.2.1.3 {RE R

ZHMEEESHEAS, BPHABMIKEHRE, FUS—PERERBORT RS, &
EROEE. BER, WP RERBOBERKY 0T, BT EFRERFARANR, ok
HERRESE N 400C, MINEBERBY 0%, BHNZAFETHREDASEREFKE, R
WAL A SRERE—B, FETRAMARE. B RERRELSREL,
RAMBREAR—H, REAR, ABASTEFRENER, £FRASSTRERFIRIAR.

B 3-2 ARRAEERNAS SR, SHAMLEMERER -5

a BAKAKSSRWTHE:

. G Omin

B 2 0min

Ll
1

o
] [
w4
1
S
|
IN ,
rd
i ie
J
=
19 o
]
.
na . e —_ e
ih

(th 2h
M 3-2 FEENLIERK S B R
Fig3-2 Moisture content of different ahead treatment

ATHRERBARTHERNTKIER, MHASRNRKKSSBEMTEMT. SRS R N

SRR S ERRIMMIERIR, B H =55k,
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£ 3-6 TRIAMANEzASEREWETESHER
Table3-6 ANOV A moisture content as a function of preheating time

HERE FhH =]z WHm F{fi BEVEME

#[RR %= 458.842 2 229.421 13.942 0.006
HARE 98.733 6 16,456
B 557.576 8

BEMEE p ZT 0.006, /T 0.05, MHRKKSSBEEER W, BRI TANEH G
,

%37 TRMBLEERNLIEE
Table3-7 Red value of sample as a result of different shead treatment

FAm ) FE A e ) i S R
oh 20min 25.66 0.56
30min 27.58 1.97
on 20min 27.96 1.15
30min 28.88 1.00
1 20min 24.36 1.0
30min 23.80 1.18
b BESMMER

ME 32 f13% 37 TTEH, Fidh 2h, K 30min BIBRNERKISEN 25%, LEHA
28.88, FTRIRIFHIDMEE. WE 3238, BiEmEK, RREERARESEK, KIrEE
Hik. 2dPEARARER/LTRERETE:

Hih: B 40°C, FHE 2h

ERKEHNEL: B 80°C, HIXHRE 50%, KA 30min

{REFIEH B, B 40°C, HARXHEH 70%, KA 18h

3.2 2 ERIRIE

HAHEBREXRR, HEREFNRTENRE, BF A HERAEEZRRESE
(p<001), BH¥ CHEFD. ERXHERADXEXN=RLEEEBEE® (p0.0s); KT B.
D\ G AR F= RV 3 BERW (pw0.0s); BT A MBRL=REERIEREE (poos),
FEF F S s AR AR E RS EAREE (p0.01); BT GHTTEFR CXD M AL 5K
SERYWYEE. RIBAKERFETRERRERA DE 3 DE,: BN IIBIFE B,
Dy, GiABK: REBEWRIRGAR A, FARK: REKSSRIGGETERIENS EA CD,
B CDy. BT LREMERLIEFBINRINS R BFETE, THRNEAGEFHEET
7.

FIREMESRENE 3-8, WIBRRHER, OMERNEENFARE TS KG SR
) U, ERFEEISEETEIRESNN 5% 25%. 25%F 15%, B
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BEFA=RE TS X035+ KT FREX 025+ X025+ FHEX0.15

% 3-8 ZiiEES
Table3-8 Scores of every index
54 44 34 24
AN 41 >40 >30 >20 <20
h (kg) <2 <3 <4 >4

AoraE (%) 2325 21232527 2729 29431

EXRRHEERLE 9. HEHIE, BTF. GHEREWREE (pwo), AFC.
DX EHR CXD MERTEEEN (pos). Bit, BFFHEREF, BFGEGC: BT
C.D¥AEE, CXD BE, FLETEHMN (cd) j FRAEFXMEAKT CDAHAKFHS.
BEEFC. DM-REHR BARNEXLHER CXDHTEHY (cd) j (RE3-10), (cd)
jBAE N CD#E CD, ALEF C. D MBRAEH CDE CD,. A BEE THS
ERV R REFRBIDEFAT—. HLL, BIRAHEND ABCIDEF G, B#E ABCD:EF G-

AT#—SHERF C. DPMBRRAKT, HEREE_BR, BSEERBAREIETIEE
EEMNMER, $EMC. D, EREXTRR (IR 3-1D, HKBETEMEKTE.

- #39 EURBHNER
Table3-9 Results of experiments
I 2 3 4 5 6 7 8 9 10 1 12 13 ¥ 05 g
A D C C &
A B X c X D X X E F G

B E E D d

5

H 1 1 1 1 i 1 1 1 1 1 1 i 1 1 1 3.53
2 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 365
3 1 i 1 2 2 2 2 i 1 1 1 2 2 2 2 338
4 1 ! 1 2 2 2 2 2 2 2 2 1 1 1 1 338
5 1 2 2 1 1 2 2 1 1 2 2 1 1 2 2 3.65
6 1 2 2 1 1 2 2 2 2 1 1 2 2 1 1 3.52
7 ] 2 2 2 2 1 1 1 1 2 2 2 2 1 1 3.35
8 1 2 2 2 2 1 1 2 2 1 1 1 1 2 2 38
9 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 412
10 2 1 2 1 2 i 2 2 1 2 t 2 1 2 1 3.10
nooz 1 2 2 1 2 1 1 2 1 2 2 1 2 1 300
122 | 2 2 i 2 | 2 i 2 1 | 2 I 2 38
13 2 2 1 1 2 2 1 1 2 2 1 1 2 2 1 2.97
14 2 2 1 1 2 2 1 2 1 1 2 2 1 1 2 313
15 2 2 1 2 1 1 2 1 2 2 1 2 1 I} 2 40
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PERA RS L3800 B BUAKBRAEST ERHBETE
e 2 2 i X 1 1 2 2 't {1 2 1 2 2 1 13
Ky 285 285 279 279 286 287 274 280 275 278 281 288 280 296 265
Ky 277 277 283 283 276 275 288 282 287 284 281 274 282 266 297
Rj 072 074 04 049 0954 112 142 012 114 068 0 146 0.17 294 324
S 003 003 001 001 006 008 013 0 008 003 0 O0I3 0 054 066
£3-10 (ed) ;%
Table3-10 Values of (ed) 4
D| Dz
o 0.09 -0.09
Cs -0.09 0.09
%® -1 BEKER
Table3-11 Factors and levels
BABEC (C)  BARAMNBHED%) BABREE (min)
KE— 70 40 20
KEZ= 80 50 30
KE= 90 60 40
HFKFEBENT:
28 L
274 "
20, 74
% . E,
- =
=Y
P2} “d

CiaGy DDy

w3 ﬁﬂ}j‘jiﬁﬁ. GGG DDy EEE;s
-3 4]

Bavitiionsl M 3-4 IR MABA
g3-3 Trend of shearing force Fig3-4 Trend of red value
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PERLKFTFR PR ARARERAESETERNRETE
e ———p——————————— p——————— e —————————

X
N ) &
" % \/
4a fm FV
& ® Y
24
[Ty
L4 T r t T g 28 1 Tt e ——y
GGGy Dy D, Dy Ei 1By C C: G DD Dy El B E
3-5 k4rRaE M 3-6 BEMEEE
Fig3-5 Trend of moisture content Fig3-6 Trend of sensory evalvation

EFaaiRfEmE R T . Wh#E: C>E>D: OEMIBHR: C>D>E; K448
¥: C>E>D; BETRF: C>E>D.

HF BB K BV CDiE;; LBEMH: CD:Bs; K4S H: CD:E; BEHIR: CDE.

RTAFERX—RF, Fif O BRRZAMNZNALE 2N AR REL, WEBERE.
BE Tt — K, AL REUREARENEZERE. RN FARERE, &
EMEERR LR, EENIEERFEEEW, JHRMEEN 0TI EEREEN. 5
DI EEEET R TR, Bit, ZREBRTAPH, RBEXRBEIFSMIHF
. ARFAFEHER, ZHFHRRAEH CDE. MUEXRARFHRENET E % E; K
TRUWETHEXRRA NN E, AFE, ERBFTFIRWNIEFNEHERS, E;. E 3
EIREERRAD, S BFBAEXARAZAZEETROZENER, #HE/SHMET
E W RAARRET REF —#4 K C. D X LER. FEEZBE, BF C. D. EEF CDE.

FroABE T B R F iR N ABICDEFG,

3.3 KFNEG

EEUE_EAERPIARNG I HER, B EHE TN E R A R U N R
BNZREE. Bk, TRAKZH THRERA, BYBAMKSEE, HEHBKMES: &
HRGEIEBRAK, ELNER, MMRELERERAK: RESERERERE, XNk,
BT RER—PBKS ERENE, HTREDAREEERNAHY SRR, FUEEY
R ENRERE S, HMERIMIEE. Rir B FERR T R —HET X BEE
FEBKKE, ERASALFREAHERIFEERNERL, BT RM, &7 0%,
T EARS T AR ], R THUEME, WHTERE.

W EEERR. EXRR, REMRETENT:

T @A 30°C, HXRAE 100%, BFE] 20min

FRCERA: 8 70C, HIHER 40%, & 20min

HRCELSME: HF 40C, MAXHEE 60%, BE 17h
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ol KA B X , BNE EETNRILRL
e
HME FBESARMEFRSE

WS

BIHERERAT —EHET, KAIBESKAFIERZAKER. £R. BN TE
REBLTEN, =5 HRESE T mNMRELTRA L, PLrgfemB e 54 mmias, Eik
RS, FREEAZRAZTRENS (B BEEL. FIFRNESE S E 7T Lk
SERTREAM, PEFRBEAS SR, NETRNEAAE, BALERKSEREAR, M
TR et R, MBEREFRASTEREREASLUT, MERBHIE, M~
AR, U

EKBUR M IS RP MG i feas R M A RACH f0 b PRI R SR A NS R
RGBT & R AR EASREY, METUET, S5 ATE. "aT AR AR
B ER B EHMERSRANATTE: Ul NTFERENAR, HRHSFRELAZ
HREEY.

TESCARTF B A B2 TR0 9 351 e B S8 B R B SE R R BT, A58 L VR B 3
MK MR, 53X, Clemente, Bon, Garcia-Pascual, Monleén F1 Mulet (2002) !, Lonauro,
Bakshi, Labuza (1985) ™41 Motarjemi (1988) V& FIA R i £ SR FIELBE T O R OB Y
SR%, BSRH GAB MEYRREE,

FRBBR T HBEHATE 30C, 40T, SOCHARAEIRSRENER. 28 GAB. Chen.
Oswin. Chung-Pfost. Henderson. Halsey. BET -URMRERIZTIRBSHIRHAAT T ikl

A RS AHE
4.1.1 R EH

R R, FREEER, U1K, FA% Imm.
EIR R EE . FeSEEEN, SR, B4R lmm, -18CTHEGE% %4 30h.
FEERE R ALY R AT,

4.1. 2 g &

BT HRE (d120mm) ARE--IMERE, EANE s METERRNDREMR (25mm
X40mm), ETATRREEHFE. HRATRBMGHERAKRRA, FERREE.

30



e Rl e v U473 FENE HEYHRHESRE
e —— T ————— ot ——————————

41 HBRERE
Figd-1 Photograph of the apparatus for the test

4.1. 31BN 2%

DK-8B & B EKH FERERARREERAT

DHG-9076A Mt EREATHRE LEREFRRIZETRAF

Acculab ALC RR5I - FRF EREBBHERAF
4.1.4REFHF

fEfaERE T, KOH, MgCl. K;COs\ NaNO;. KCl#l BaCl iX A MR R A LIS %
PER SRR 5—90% A MAARNEE. EAREET, WMERETHATEERE 41, &
£ 4 ABDROMINBAENIERE
Table4-1 Selected saturated salt solutions and corresponding relative air humidities

FHHRERE (%)

# 30T 40C 50T
KOH 7.38 626 572
MgCl, 3238 31.59 30.54
K;CO, 4.7 4230 4091
NaNO; 72.75 7100 69.04
KCI 83.62 82.32 81.20
BaCl, 89.80 89.10 8823

HAN BT RN L AR S MBI, AL T840 0. Kouhila % (2000)
ENREAFTRANNENSREN, HASEEARSEMEN 14, BEETREEAETE
FERHERAKBRP RIE 24h, EEBERTEURTREANNERERE.

HTER R, R 0.2g EESFTRERTHRERA, FREHISGESEBEN, &
BBATHRE. GRNER, RHREERE, Nk 2 KER2 2T 0.0002g B, WHETHE
K AEEIR T AT PH. HRTHKSHE GB69S5.15-88 HiERIE, B—KBEHR=KT
TiER.

MTHRAE, BN 2g ZAFHHN THRREAN, RERSSMHESREN, REEA
THRE. SR—RBEK L2 RER2 20T 0002 B, A NEESKSE %S F ks
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Rl R A X BN ERYARKEES
T, FEET MK 5% GBY69S.15-88 JikilE, B—KABEEMZITATHR.

4.1.5 BIE SR

BARGE ot KR SPSS12.0 TEHL;
E¥. EEAEEHA Origin6.0. Excell2000 FEhE.

4 28RE55m

4.2 1 MMEEE

ARASBEE—MEEIRONE: FHFEENRAKNS ABRNSHESE, mELHR-
. FEE. PIEEY FOANTRAREERRRETANLERMA A, it 2R
PIREOKAE, B, R4 UREh— S RB&E—ERE LR AR, BRIk R E
£ SRARTEERSHEELHR.

TR HOEE AR IR 30d 24 B30T, SRS R ARG AER 15d A5 K HFH. B 4-2.
B 4-3 3 30°C. 40°C. SOCHBBESAMRSRLNERSFAL. AFEAFTUFYH, SEE—
TN, HRTREAKS S REEAKSE NN AN, MKMEE—EN, R&TEKSSEE
. BERERTAR. ARSRAHERNEHAREERSASEAENEEARERE. T
B R E R SRS NE R AL, BOXTERRY, RBEMNY, bTRE
SHKAFHE, KA EESEM, K2FENRTHEE ARSBHENRE—ERH,
YPRLR K 43 B B BERLBE T B R TO Re g P

L [
83 u]
50 -8— 20T s0] . 00
i~ 454 45 e A0°C
- ] A 5DC
[ TR W
A 30 4‘1::10- g
§ 25 & i
204 *# ]
154 154
10 1] //»/»‘,r-'
5] 5] s
. , , , , , .
00 0z 4 o8 [2] 16 1] atz 0‘.‘ 0:6 0’.! lrﬂ
A5 BX 5 B
-2 FRBR TRBHARE RS B 43 FEIETHRNAERFRLE

Figd-2 Desorption isotherms at different temperatures Figd-3 Adsorption isotherms at different temperatures
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44 PR F) 30 CRRIR — DR SR 4-5 B A 40 CHREBIR 555
Figd-4 Adsorption-desorption isotherms at T=30'C Figd-5 Adsorption-desorption isotherms at T=30C
50 0451 = 20T
15 * WE 040} ¢ 4T

I B EE 4 s0C .
10 6354 - Hendetson model i
4% /;
0 . Al
r
R sl ,’)"'//*":
LIS /ﬁl/::"/
008 X
0 0.2 0.4 06 0.8 1 e 12 04 [} 08 10
KAER
KRR
4-6 i SOCHMR —ERFRE M 41 FRAR FRANARRBEL
Figd-6 Adsorption-desorption isotherms at T=30C Fig4-7 Desorption isotherms at different temperature

 4-4~ & 4-6 SYHIEEH B 30°C. 40C. SOCHIRB —EIRFRLEXFRE. 2R, FIR
SHANPRSAXRARLERE R, FEHE: DRIEE—EN, BRLEKT TR
R EAS SRR, BEARNKIRMSALBFEIFHWENS, REERNAD. MK
HIFRAFE B (hysteresis loop) MM AME I SBAAR, ENNRTRMWOEE. &t
B RNk 2 BT R A AR DA B . AR A BRESSHEE. CARUWE
EHRERASERROER, SEEKNS. MEANERR. ¥R, B%E. FEBL.
£ ME RN AR ES, BRBHRERR M ERSERZARHF ATRET.
Labuza MBI LRI, WRESYHSZARRTTREGTEARIMERN AL E 2
HIEIL RIS, AR A, HREE 0.70~0.84 YRR, FERMELIEH
k. XEBEN, EAEN ALE FEBRLERERIESHELNAS, BKTHRNE
PRSI, MEAIMEMERE R, ERREHRKTRE LRGBS M, 5Kks (ER) Hm
tek, FEYRUE A ERIRRE, MR RNk,

4.2.2 WM SR EasHl

F 42 AWAHIRFAAYRRKSERE, SEHH-EHEY, XRRFTROTFEKTEE
SERANT-LHERRTES, RERETHAYARRFREERNABE. gt K (SPss
12.0) AR EIR. HEARUPHER.
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e T FOHE FETARNERE

£ 4-2 BHFRLRE
Tabled-2 Models for fitting the sorption isothems

HiEZ Fik, BE MR
GAB M=CKMoA,/[(1~KAX1—KA,+CKA,)]  Van Den Berg & Bruin, 1981
Chen A,=exp[A—Bexp(—CM)] Chen, 19710
Oswin M=A[A/(1—A® Oswin, 1946%9
Chung-Pfost  A,=exp[—A/T exp{—BM)] Chung & Pfost, 197661
Henderson A,=1—cxp(—ATMP) Henderson, 19520%9
Halsey A=exp(—AMY) Halsey, 19487
BET M=M,CAJ/[(1— A HHC— 1)1 —A,)A.] Brunauer et al., 19385

A B, C K ABHERARERN: A NKHEE MATEANSR, M FEREAS &R R AUARE (Kealimole
KY: TH#HSEEHEN (k).

30C. 40°CH SOCHIMK., EIRFREN-LHENSHENE 4-3 W 44, BHELE, XL
AR SREMAXERSNTH R) LEHEGRSBENEL, KY LR-EHMAES
& THERFREE TREF AOERERRK. hF*4-3 7R, #A Henderson [E])5 30°C. 40°C.
50°C I EIR ZRL R BTAR R? 2514 0.9996. 0.9997 F1 0.9632, HLH S FHRRIEH
BHK RPEKXRE; B 4-4 778, BE Henderson [EH 30°C. 40°C. S0CHELAMBAESR
B} BT840 R2 415024 09994, 0.9996 F10.9997. FTLl, ZEF%EM-CHAERS, HA Henderson
MEAYARRSRENUSEERR, NZREBESHREERTARKHSEENER.

B 4-7 %4 Henderson #ZUL4 30°C. 40C. S0CHRRSRENER. NEPTLEY, &
W WIER A5 1B Henderson BIRNHH B M TIMMEAR. MASHAEY, GABRRFAFHEY,
EAHER AL HNABRASRLSE.

34



R E RN AT AR B FEAYARHERS
F 4-3 LFIRR 5 B4R 30°C. 40T, SOCHHGAN R EIME RS i8N

Table4-3 Parameter values for seven models in adsorption

By i1 oD

30 40 50
GAB
C -1.70E+09 -1.68E+09 -1.08E+09
K 0.8260 0.8340 0.8433
M, 0.2477 0.2449 0.2416
R? 0.8974 0.8889 0.8857
Chen
A -0,7847 -0.8579 -0.8938
B 3.1258 3.0996 3.0918
C 6.7834 7.2463 7.4460
R? 09984 . 0.9989 0.9991
Oswin
A 0.4471 0.4481 0.4476
B 0.3569 0.3643 0.3743
R? 0.9465 0.9492 0.9527
Chung—Pfost
A 1012.5 1070.7 729.97
B 3.4191 3.5427 107930
R 0.9873 0.9893 0.9407
Henderson
A 0.0045 0.0043 0.0251
B 1.1149 1.0999 1.0695
R? 0.9996 0.9597 0.9632
Halsey
A 0.6119 0.6526 0.0403
B 0.5707 0.5325 1.1393
R 0.9838 0.9874 0.9832
BET
C 2.76E+07 4.30E+06 -4 45E+08
M, 0.1168 0.1231 0.1303
R 0.5368 0.5772 0.6264
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44 CHAREIS R 30T, 40°C. SOCHBWEIME SRR SN

Table4-4 Parameter values for seven models in desorption

Ha #"E o

30 40 50
GAB
C -1.06E+09 -7.71E+08 2.03E+09
K 0.8876 0.5028 0.9159
M, 0227 0.2228 0.2192
R? 0.9261 0.8824 0.8783
Chen
A 0.7531 -0.7292 0.9818
B 3.3260 3.0491 3.0526
c 6.8913 6.2640 8.0726
R? 0.9945 0.9982 0.9989
Qswin
A 0.4439 0.4455 0.4464
B 0.4206 0.4320 0.4423
R? 0.9775 0.9690 0.9709
Chung-Pfost
A 1056.588 10489 1145.02
B 3.5141 34277 3.8266
R? 0.9795 0.9900 0.9874
Henderson
A 0.0046 0.0043 0.0040
B 11274 1.1084 1.0792
R? 0.9994 0.9996 0.9997
Halsey
A 0.5766 0.6233 0.7324
B 0.6011 0.5559 04785
R? 0.9835 0.9867 0.9888
BET
C 59.5642 383552 -4.81E+08
Mo 0.1606 0.1697 0.1728
R? 0.7951 0.8267 0.8313

MKouhila 2 (2002) PRET GAB HIRWFIMILEM G SRS, BBERS. il
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PRI K A 2T BN I AR FE

BN, EHMEHE TR, FHASSRMEEARTMEE. Allvarez-Reyes % (2004)
PHE W GAB BRI BHE & T HR A TR R HE B iR 4.

L.0.Sanni 2(1999)"™H#4 % GAB. Chung-Pfost. Bradley. Oswin XT Fufu B Hi2Ei 41T
THER. SREW, AEEMEID, GAB EREEESHBRRYE; EIREMEEY, Bradley
#AHRAR MR A RIT.

N.Wang ¥ J.GBrennan (1991) VOBRSLT D44 B INFE A T R B SR LEIGHE. Ab017810
GAB HAIF Oswin BEIE S REAMBES DU EFEKY SR MXR, KSEELE 088
%AW, GAB SRTIIME SR EHAR—B: KA EEE 0—60%TEEA, Oswin A BME
5HiREEA .

MERFERAN, 3T GAB HASEME, M, BEASTRE: KBEEEARTEMm.

BATFERSSRED (M), T T HREARN, DHANEHRESE. MKouhila
% (2002) PRy, WETIEE, AR THBGEEERME, BEIBE N, WHRETE
A44SR, BBEMOCHE SOCH, Bl BRTEESFEKG SR 025%FEE 0.24
%. 0.23%MEE 022%. BT, MFKFEBET NG TENHTE XNERTLTHE, B840
BRERERSTFREERRATYRTEENBARSERREER | M HO0 47 AA3—MEXL
Exy, B FREMSTSTYREASEORAERNA, ERAZRMILEIATRTEA
FRGSKMFERS, ERRP—HRARSBARGENKI T, BREKESEE DK
KBPEFNETDZ—, RTESTEK: B—HEATENSTREKNEMEAK, HEKEKT
FREEHERIAKAKD TRTHZ— BARSFPRESKARSIRTE—F. MTAE
HTORES. AT HETATSRNRERAELN) FRAD THT RS, ™

#F Henderson #A, AL 30C~40CH, FIE. BMBIFESE A 25N 00045 FE
0.00251, M 0.0046 F#Z 0.0040; EIR. MBEHESM B 271N 1.1149 FEE 1.0695, M 1.1274 [
ZF 1.0792. 1 Henderson BRI AK A4, KABERXTHESH A B HIBER, ALl =K
SER—ER, FES%KA. BRHEREMINTIRD, K576 ERGR M T m.

4.3 Vg

BWSRARET —EBET, KPEESKFIERZAMXR. TRHERHEE —EM A,
1, FEAN 0.97~098. KAMFEERBNRKSSHREE MBS XEREYNA N .
ERMEDHEKREEEREN AHE. —RAE, GHEKM A, TRAY0.94, BREN 0.88,
BHEN 08, A, TRZ 0.7 UF, XEFMEDTRERRE, HELEE 07, WTFEREEEE
0.65. W2 BENBEEA 0.61 R{RRE . WEHESLR,“ P EKLS & "(Intermediate moisture
food) HI—HI ML Ay TE 0.65~0.85, EX—URN, MEMMAKRNGRE, EREREEK
HEsHi B &4 B, B3 30CHIIRIRSRER, KIEERE 0.65~0.85 I, BBEHPRKITA
AN 25%~35%. —EAT, KEHETAXPRSEZSR TN, HEET 30C. Fik
BABH, YKMEE—EN, FEKISREAEREETAR. FUZERT, FHEEER
KMEEEREMFERNRENNEA 0.65~085 1, HASSEKA 25%~35%. Lk, LTH
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HIRER FAS R B RRBRSL, SRR & RAE 25% ~35% LA,

b EEEREAEFERRS TR 25%, SNSRI &) AREE S
£, BR, EERE—MRAREREAE DBXE. BER, BARSSKEEIRGYT
REBRAEYE, —BTE, KOSRSE FRGRE. B, A TREEARPHORE, Wi
RIEREDFREOEM L, EL0NNAKLS R, REOR, REBRE SRR,

TH—A, RTHEBNKYSRBEFERNT 25%, HEAGEZL. AR ENHEDT
B ERAMRKNEERNARKS SR, KOSETREENFRTKRIER. HAl, L
EREABA. FEAEA. SRRENREILERMER, BEARR, Ki&REKMEE
WERRF—H. HRE, FRHRBAR—KNEENEAOKSETRETER. 54, FH—&
frB R A, MA/RR R ARS8, L KOEESKF SRR REATEEHM
.

B2, EFHRMEEHKSSRTURBRHSRGERNAE. X TERHBLARES
¥, BRI MERGE, REEERCREAGT. RANMERNMEYERSLAN=mKS
S8, NS, K)FRAE BRERER K2SRRK, XRET>REM.

4. A RBNEE

EELSEYAHTRNE, TRTHEEFN 30T, 40T, S0CHBRE. RERLE. Bl
TEAT&ig:

' D) EEMERSREEHEEW, DAMEE—EN, FHKS G REEET R RS,
RS ER—EN, KABEEBREARAAN. F£aHNRMFRATMT RS,

?) WMESAZNEGSRBEENE. NKHEERSH, RREBHFEKSSERT
EL30E oy Gy '

FRE RN GRS E S THETFRE TRET MR SR, Henderson £
HERENA-STRMMRA, Chen BAKZ, BET RULAHNRBE.

FEREMT, LFREY AR FEREREDERA ZLEMNTEE 0.65~085 1, HASEE
KK 25%~35%. EHER, LTAMNMERTREROOBRERKRT, RRFKSTERE
25%~35%2 10, MTFE-RNLAREMN, FAXBHFESE, BEAERCREMT,
BHFERMMENEREFINERAS R, N8RS, K EEKE BRFREE: K
SERAH, XRETEABERE.
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HRE BRKEEREGERARKS S

)

Jaf3

f A TR E HRNYETRA TR, TR RERENLAMERE. —Rms, ARk
EFENGR, EMRARAEERRERARAL; H2, MRZAEA, BIRERR, eSS
HE, EEERCKERRNRE. THEERMEAEMEN HBKN —FHENL, KELFREE
HREWNEHTHEBRELY, REFNELLZ —. THREBRBARONNRA, £
B b ha TR .

R THERES, WK ST ANEL. ETHHE, WA SRR
KA AT RRRAT, READER, WEKSRSNES, SBRANISMROK BB, K
SR EL RN WAL RINEB RS, BETREENT, ETHAN, YHASS
BEK, AHAHSTNBTHNNN.

ARBRHARTETREM, FEHWRAS TR UK AIAK T HZEL.

51 ME5AHE
5.1.1REFH

FHAREE, BEFHMNEERES: ¢ 19mmX70mm
AR HRREE: EEYRBEARES: ¢19mmX70mm. ¢ 40mmX 170mm
BB R AR RS

5.1. 2 RENE &

EABHEE RS TEEE— SUNON DP200A BSiHRM ( & 120mmX308mm), &3
BT DHG-9076A Rl MERERTREN. BRAHRILMER 10mm X 10mm AEH LM E
FREM. REH D60-2F HiRE2 M QDF-5D MR R T+ 4T R sl

5.1. 3 RIS 8
DHG-9076A B e e iR SR TR LR S R AR
SUNON DP200A B! A5 LR AR ER
D60-2F Xl shist 4L g 3 5% g b -3:h I
QDF-5D B#zk=\ s Rt FERERHEARY LR

MP502B B F R LESTIREEHRAH
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5.1.4 R AHE
5.1.4.1 K984

%t & 19mm X 70mm B B EAFHE 5 . F & 20mm X 100mm HE0RE 287 % £ 0584 B LB AT
EARE, ARERHRRZBEEEHEEREARRE, DB LK NRERER, RIEREK
HREXBHELTH. BEREEESE BETERAER, —HEATRENERBEEHITR
AT, R 40C, 50C, RiE 1.5m/s. 2.0m/s, HBIEEH 0% &HFT, BARRREGR
ERREEBFHTRANKS SR, AFEROA, B0 Smm A, ERO 10mm ANEEHE
.

3t F ¢ 40mmX 170mm HIE A AR . B d 40mm X 100mm HIEFESR1E % S 08E S ) R
¢ 40mm X 70mm B &, FIHFEA &40mm X S0mm ASEEE, 4 FIME ¢ 40mm X 70mm [
Pk, EECANERRBRZINL. SEEERNEAKRETA THER, TR &R
R EEG, BoRBKTHRTESENTERTAIB ARSI REEREE R LS
I, H-PRERAEKIEBREEEERTAL, ARRENERS, ETE&REN, —JF
BATREHNSABGHTHEATR. £8F 40°C, HXRE 30%, RE L5m/s £8TF, B
shy 6h, 8h ERRFFAAAS R, SHEPLA, ERC 10mm & EFG 20mm ST A
A4aR. 3T ¢ 40mmX 170mm B EEERS, ERAFENCTREEE, SRR

5.1.4.2 K8

RSN ¢ 19mm X 70mm MBI, ZRKE, ERRLER-EREME, REWRES
KB ERER, 2H Vo. REERFRE. FRERESKAET, KK Oh. 2h. 4h. 6h. 8h. 10h
B, BEHR, EhV.

KBRS AV=V—Vy; BBUEEN S=V/V, (Lozanoetal, 1980). D%

BARRBHIEF RAFUOT:
%51 RREFR KR
Table$-1 Factors and levels of expetiments

RS #HeET R (ms)

40 1.0
40 1.5
40 20
50 20
60 20

B W N

5.1.5 8RS 47
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5.2 RG5 L

5.2.1K449%

B 5-1. B 5-2 HIREE 40°C. AHXNRE 30 FIMGE 1.5m/s 4T, 451K 2h, 4h & 19mm
X 70mm [EEAE R ARG 2R . AE 5-1 PITEUREL, BHTEKS SR 208 9%04E 5,
H A E ALK EARR L BT R A S RA 194.5%F 185.9%R0%. B 52~ B 5-4 WH 1k
Plaskie, BRABEARNAI S REESAAASSE-B, DNRERERBEAKN&BIIE,
MARGAB LA SRIEE. XARIRY, HEFNERKLRED, AT HiEs
AT, POKSERER, ABBN, KASTRERREE FoHHBK.

B 52, B 53 AR 40°C. HAREN 30%, RELHN 1.5m/s. 2.0m/s &4, BiK 4h
BHARSSAE. ARHEETERASTEKSARELHY, #—PSiF%T aimRRmsn
g, BAKEEXIEZEREY, REEmB s . AE 5-1 3/ 54, BARRKREL #7
WEBK S IR, SMERIL&KS B RIEEE - EBEERABRE TR, FHMH TRILER
T, BRBKSERERT D, KOOHATHS, BERKBATR. EAREKS BN

i miF g, 19

—8—708.8%,0.0.
—eo— 1#4.5% db,
4 185.9%dD.

g

£

E B & B
N\
"fg\
l ]
i
J
) %+
FEE
RES
S B
- oo

Ao & ¢ %—d.b.) >
s & & 8 ¥

L'l

X4 SR(db.),w
5 8 8 ¥ B &

T T T T T T T T T T T
<10 09 08 D4 02 00 02 D4 08 08 10

T T T T ¥ 4 T T T Ty
0 8 48 04 J2 60 02 04 08 08 4D

£ 8 (e % 43 (cw)
B 5-1 i2HE 40°C. BE 1.5m/s RK 2h BRS2H B 5-2 i8R 40°C, R 1. 5n/s BiK sh BRB R
Fig5-1 Moisture content distribution after dehydrating Fig5-2 Moisture content distribution after dehydrating
Zh at 40°C,1.5m/s drying air 4h at 40°C,1.5m/s drying air

P 5.5 AR 40°C. MXHER 30% 0 RE 1.5m/s 43 HIBK 4h, 6h. Sh FHIKSG S #1E. B8
HBKE R, ERNBERADSEENMEK. WBPETLUEH, iAot
P ORR, BRLEEHRLKSSBIENE. B, BREJBAERSSRE, B
hTFREFAERRY, SWREES— BRAEBLELKITBIES. BAEERE
%, Ko RENEBTHES.
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B 5-4 ;RAF50C, Rl 1. 5m/s Bk 4b BB 0H
Fig5-4 Moisture content distribution after dehydrating
4h at 50°C,1.5m/s drying air

B 5-3 iR 40°C, FUE 2n/s Bk 4h BRI
Fig5-3 Moisture content distribution after dehydra-
ting 4h at 40°C,2m/s drying air

—=— IR
M . 12] '_f —o- ) FIRLEE
124 .—-'\ 304
204 R 2]
, 284 2 L3
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o :.4- i : 241
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ﬂ 104 ‘t!‘ -"1. : 184
§ 1wy e & 14
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2 1 ° 1 2 2 A 1 2
¥ Blew * E(cl)
5-5 B 40°C, MR 1. 5m/s T4 3B 4h, 6h. 5-6 FEAHEIERA 40C, MFE 1.6n/s
8h B9 THK 6h BRG3H
Fig5-5 Moisture content distribution after dehydrating Fig5-6 Moisture content distribution of sample in
4h. 6h. Bhat40T,1.5m/s drying air different direction after dehydrating 6h at 40

B 5-6 RIET ZER—REEH W ERRBGE. QRBHABIMERARE 40T, ABMEEN
30%, R#EN 15m/s F, BAK 6h FARAZHWER. HETTM, AEKIPRHEREFELL, #
BXHEME. —BFE, WHABKTIBRNERENBRAITH. X THEMR, REA
MR BATES, KMWEFET RIS, TEFRRP, FRESFIEEENFRE,
ERHRMERFTTAES R, RABRHTRTR. FUARE R ORI A0 AL
S EH A B Rm AR Z T,

5.2. 2 {KFAUT R

5.2.2.t BHBIRERMMNTEL ,
B 5-7. B 5-8 2BATFRRE. FRREFHAREEREEHBRXR. NESHTE, 4
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PR 7 BB RS TG U 2.0mss B, BB REFEREA RTMRE, RREER,
R, BZERAN 40T, R AR REMERIERR, REN 1.0m/s B4R
W RSB/, RN 2.0m/s FERKERBBR, B S0>8,0>8s. DRELREAMAR
K RHEAT, KATHERER, FEEESUE, SRR, KIERER, EREREX R
REH 40CH, REND 1.5m/s HEREERR, TRERARLARET, MEL Lso/s i, £
AL R E S WHK A S H R B P8, BRRACGERRR: RN 1.0m/s 8T, REK
HEBEEDT NIRRT HESR; RN 2.00/s B, REKIERZEERT AR EHEE,
EFFE LK R, IRA .
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ot ‘iz\\,\
S .
o5 N A B !k“
o4 s ey
03 T — r . r - —y
[} 2 1 L} L) 10 L} 2 4 [ [ 19
# i (1) ¥ )
M 5-7 Y 2. 0nvs. FRERE T HIUEHR M 5-8 B 40C. FRRETEREBRENS
Hi 550 E] ok A MERE %
Fig5-7 Shrinkage factor as a founction of time,as a Fig5-8 Shrinkage factor as a founction of time,as a
result of dehydration at 2.0m/s drying air result of dehydration at 40°C  drying air

B 5-9 M RGEN 2.0mss, ARZHREEN 30%, ARMEET. dHEGREEHREKSAEZE
fI%R, B5-10 HEED40°C, HIRBEHR 0%, FRARET, SREERSESKSZEIIX
%, BTFRAZEMNERSEERR, RESKS SR EERERENEWTABAR. B
THBREGHAS SEARS MRS SREFPEZBNX R REW, BiTAsi
BaR R (S) EERRAL SR (XX MXE, Es-n. Bs-12.

Bl 5-11 &, ERGE 2.0nvs B, ERKASEE—E, FRERERNEZHRERZETLZ
B RE—ER, ABEEARSEERKS SHEMN2KHMAX. A8 5-12 8, REXHE
BRSO E I B A TREMN SRR AW, SNEREEA 40T, EERKSE
B, REXaReBREerE— M RES, SEEKKISE (XXo) KT 0.63 B, Sy0>
S)0> 815 BEEWKSEE (XXe) DF 0.63 B, S10>820>8; 50 BIH CEIBIR T ME N 1.5m/s
RN E RN TRIER 2.0ms, 1L0nvs BIRE. 3T 805 S10 ZERKDRREREIK
S ER%FT 0.63 AL, MAANEARKAS A ENBH T REMRAER/LFETER
Mgt XRRRAERALSRK, REFARERTHEEMRE, MMXNEE 2.0m/s
i, BRASERRKEE, BEEEFARSLEYSRK, HEFRMEEKSHRSEh
TR, BNEER D (KE. MEANER) MRS, ERLERBSE MR
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Figs-9 Shrinkage factor as a founction of moisture Fig5-10 Shrinkage factor as a founction of moisture
content,as a result of dehydration at 2.0m/s drying air conttentas a result of dehydration at 40°Cdrying air
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FigS-11 Shrinkage factor as a founction of dimensionless Fig5-12 Shrinkage factor as a founction of dimensionless
moisture content,as a result of dehydration at moisture content,as a result of dehydration at 40
2.0ny's drying air Tdrving air

5.2.2. 2 BTN EE R

Otoniel Corzo % (2004) IR TH T A BERAERFAS FRITHARES, Bl
T VR AR
S=A+B (UX,) 1)
S=C+DX (5-2)
RE X HFEASER, X HPETEKS SR
A. B. C. DIAHHREIFE.
F 51, R 524 BIARE R 2.0m/s, HEXRBEA 30% 8, RERA T UIREGE KBRS
FRANLRWKG SRR EENER.
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|52 M2 on/s, HRBEERE RS S REEIEEAGHR

Table5-2 Linear regression analysis shrinkage factor as a function of the moisture content

g CC) 34 R FRHERE P
RIE2.0m/s A B

40 0.1587 0.83909 09934  0.001714 <0.0001
50 0.19152  0.79438  0.9882  0.02446 <0.0001
60 021421  0.77485 " 0.9958  0.01692 <0.0001

iE: p<0.0001 RHEFXAF 0 =0.0001

F 53 QM2 On/s, RAMURBENNEERAS X MOGIEE SR

Table5-3 Linear regression analysis shrinkage factor as a function of the dimensicnless moisture content

BE (T 2% R iR E P
RIE2.0m/s c D

40 0.1587 30.22703 09934  0.01714 <0.0001
50 0.19152 23.35017 0.9882 0.02446 <0.0001
60 0.21421 27.08523 0.9958 0.01692 <0.0001

#: p<0,0001 X8 EFAF a =0. 0001
fEEEIBERTE. 48 -1). 23 (52) BBEREKATN 5% L, BB 95—9%
HRRBRBENERMY, HXRERBAT 099, HEREHRS. AERBERETLUEH, A
R -1 AR (52) EHFEROHEXREZAHREES, MEERNBREAS. SEHESHN
B URE LKA BRDEET 0 iR, FHRETENFRRERBHE.
5-13 ARGE 2.0mvs, FEFHEHEEN 30%, ARBET, #HEERBT KA EBIOENE
ERE.

L2 o0
17t m 50

0.8 r
©w 0.6 1
0.4 +
0.2 t

O 1 1 1 1 | )
0 0.2 0.4 0.6 0.8 1 L2

XX,
5-13 RiE 2. On/s, TRZE. ERWRENZTER XS SRHREE A
Fig5-13 Linear regression analysis shrinkage factor as a function of the dimensionless
moisture content

Otoniel Corzo % (2004) '"EFR T YT 1A BB R/K IR ARIRS SRAKAHIH KR,
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RIE— SRR AN, KABURS S KK B AABE ., Suzuki % (1976) VOHRIMGRHIRIE
RTBIHE, AR 5HE R KD EEIRIEZE. Clemente % (2001) VUEMA 25CHHT B
B, ¥ AR KT R R

5.3 KE/G

AEFATIHEEAERRRE, FOEEHTRAE, BREEERARKTHHHDL.

K iR S AR A 76 18 LU T SR

1) BERRAERKLES, AKSTEEERT, POKSSRER, AR,
K& BEIKIRE.

2) HHETRLEOHT, #EESKISRERTD AAHBTHE.

) BEFREARYE SHRERES-—, $AFA—-ERERLKSEBE. K

KEEREE, AMSITHE.
BRAFH RS 2R MRRHAR AL HETHER .

X FABREEAH T T H®R:

1) BEREERREN RS TRE, EIREERMBEE B A R TR,

2) RANGREEREOERIEAE, REN 1Lon/s METERERKE D, Rk
2.0m/s A RBEREBA, B $,0>8,0> 8150

3)  BEXNERRGE R RN RN T REN AR R BN T LR T

H BE-H, ABRRERNE (EEK) KOS REMMAR S=A+B (XX

§=C+DX

5) RBEEHFEMEEENTERIFOESGREERES CEEYR) K25 BZH

HxXE.
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o _ 0.086634 51
dt

16 35 T 43R I 1 4 5 28 U S 4B B 4 4

% = 0.5853 x exp(~0.2496¢)

HAREEN, BERTREZNHTIEEYNMEE: REEBRED.

2) IR D GRBMEMRX, SREXRTRK: VFEELEEEKYSEENTHEM.

3} BX B Henderson-Pabis #E: MR=aexp(-ktH+bexp(-gti+cexp(-ht) 5 3584 BT IR B LB 1Y
BiRma.

4) BRHAREERAMR S —RERUNNRESEAL A T REHRE T AR
BZRE, Henderson A Aw=1—exp(—ATMO) M SEEHRISBERT.

5) HBHAEBKSEED, ARKSEIBEEET, POokHSERR, AEIS, K58
BACKME. METRIBRET, BRENMKIARERE D, KI9HATHS. bdTEE
RAERRMY, SHEERES—, BRR—FBLEERAMTSR Y. BARERHE, K9
AEWHTHEE.

6) BREBAMEEH FRB T MHE: AREEREERE A RS, REXEBREER
fEmIERHE, RER 1.0m/s MAERKBRERAD, Rk 2.00vs HERRERERL, B S,
>80 8150 REETHERRE R SN F RET ABRERE AW T LLZBS Rt . B
—EN, AREERRSTERKSEREUREERX, WARWBE, s=A+B (UX), S
=C+DX RAFNEIARERRES (EER KASRZANXR.

D BASTRREYELZSKSTED 25%~35%; EHERF 40T, RE 1.0m/s B,
BESETEN: (1) Fifh. BE 30C. HMEE>90%. 2h; (2) BEKE: BF 70C. M
SHERE 40%, 30min; (3) KBME: HF 40°C, XA 60%. 17h,
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