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A mathematical model has been developed to determine the thermal conductivity and permeability for the
dried layer of food samples undergoing sublimation dehydration. An automatic measurement system has developed
for the data acquisition as well as determination of these transport properties by applying the drying data to the
model. The values of transport property were presented for several food materials indicating the critical processing
factors for the drying rate of each material.

Some structural models were developed for predicting the permeability of water vapor flowing through the
dried layer. In a cellular food model, the resistance of a cell membrane to the molecular transfer of water vapor was
determined from both value of permeability and microscopic observation of the dried layer. The model was
considered to play an important role in predicting optimum heating program for the surface temperature of
materials.

A micro-slicer image processing system (MSIPS) has been developed for measuring the three-dimensional
(3 -D) structure and distribution of ice crystals formed in frozen food materials. The system has functions to
reconstruct the 3 -D image based on the image data of exposed cross sections obtained by multi-slicing of a frozen
sample with the minimum thickness of 1 x m and display the internal structure as well as an arbitrary cross section
of the sample choosing observation angles. The effects of freezing conditions on the morphology and distribution
of ice crystals were demonstrated quantitatively from the observations of raw beef and model solution systems
stained by fluorescent indicator.

A technical cooperation project has been carried out between university and industries for optimizing the
design and operation of industrial freeze-dryer to preduce egg soups. In the project a new heating program was

developed to shorten the drying time for the batch-type freeze dryers in industrial scale.
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Fig. 1. Phase diagram of water.
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Fig. 2. Regression of sublimation boundary during freeze-drying.
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Fig. 3. Schematic diagram of experimental freeze-dryer.
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Fig. 6. Experimental data obtained for 25 mm layer of a 40.3%
coffee solution at surface temperature of 54.4C.
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Table 1. Thermal conductivity and permeability for several food materials.

. Sample surface Pressure in Thermal e
Material Temperature the chamber Temperature* Pressure* conductivity Permeability Reference
49 (Pa) ) (Pa) (Wim - K) (X107 mifs)
0s Ps 7 P A K
Sliced apple —=10~10 20~30 -17.7~—34 384~80.0 0.056~0.123 0.063~0.120 Araki and Sagara et el.(1998)
Mashed apple(A)** ~ 0~40  20~30  —136~ 85 335~462  0.11~013  040~0.50 Araki and Sagara et l.(1998)
Mashed apple(B) **  10~70  20~30  —11.8~197 237~290 0.068~0.073 13~1.6 Araki and Sagara et e1.(1998)
Beef 30~100 7~30 30~408 382~785 0.036~0.084 0.090~0.405 Sagara etel.(1998)
Minced beef 0 27~133 7.3~103 - 0.050~0.069  0.13~0.24 Widodo and Tambunan(1982)
ot yaaion 20~53  10~95  —53~148 — 0.062~0.172  0.340~1.220 Sagara and Hosokawa(1982)
e o, —7~71 7~12 —141~261 47.1 ~668 0.153~0.277 0.213~0.649 Sagara and Ichiba(1994)
e sauon, 60 22~34 129~20.2  249~649 0.063~0.144  0508~4.235 Ichiba (1994)
Shrimp 30~50  7~133 42~212  536~263 0.038~0.086  0.031~0.120 Wenur (1997)

*Average value for the dried layer
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Fig. 13. Micloslicer-Imarge Processinng System.

1 Z1 7051 HBEHRNEBL X7 4
Fig. 131274 2 0 A5 4 HE{RRBE Y X T L O
BEZEZRY, K RAF 23R ET5EM 28548
WU, ThOLIVFASAL LT, 200
HrBRLEEA~YA 27 0RT 4582 ELHEEE
R, #ML22KTHER% CCD 75— 2
7T ALKHEGEIGARER, KD AALRER
¥ L—HF 4 A2 ICNET HEGRHEE, ZHL
EEGOHRICETER ) 2L LYY Y
HICE D IRTEMSGEFHELD, EBIZIZUIN
L TR WEROSEITEE % % FHR L TRRT
2L, EHRAEETITI-2AF—ark
LTORELHT L IRTEGHSEEE, v170
2= FIZEDATAALEFRIA I T %0
WMIEr-0DETERETLESRERB LU
BPOBE PRSI NARER, SOICHRERSR
RBBE I IRRTHIDOE S THKERS,
IA7BATAHE, BEALY, BR%Eb 72
Faxr—%, YHRACEENEZh i)+ THRE)
T5ACH—KE-FTHIHEh TS, AFHIR
BrrvyicBESHh, RAOTHEATFvEY S
FE-FEFR-WAVERACEBDBBICLY, Th
LILEITONE, A5 AROAE, MHEOME
KX WBIRTETH 22, £ECLHAHELHRE
THEYEIE, IV b—2HFA7EBVSE. F
A7 ACE—FICEVAESNEA T4 T
ThizEFSN, BREBBERATIART S, 4
BIEiEA ba—222micxt L, 0.5~10pmTdh5b.
HERBELHET A3 RITRAAR Y —F—12
L0254 ABE-40CETORHTRTH 5.
ERORENBHRBRE T, RHEUF 20k
VIHERBEE R APBAONED, BZATFLEHE

8.

WaIriZkh, RBHERICHEEES Y, wmlh
DEHIRB BB T LN THS. E,
WY THHABEELCT 2 HEICLY, BHOER -
METREBCIEPTESL. 610, BohicH
BEHIIET 1 R IRFERBDT. F— 5 0%
LA 53, WOTHRBEMERL A LBOBEE
MHEMAL, YHEEEATLIILNTES.

8. 2 EtHlX

PEMEIEEL b (WERREMSF) 28U,
MDD F N> THEARB 2L, M
i (4 mmg X15m) 280h ML A-3EHE, 20pm
W LSRR BRI IRMBRE L0,
Fig. MIIRTNRT 74 YR TN RNFIZTHL
Foo Fh, REUERICIIEEREAL, BEAES
CONBREHEDL 5, HISAROHRMRELHEN L /.
e e —RTTMHBET A 7:010, U TuFNy
DY ERIRBIEAFO— VTR L, T/, Yo
TRV TEHISG S mMCRENEIFAL, &
K7L ABIHIREFTOBRELLENEL
oo TORNCRLABENZEERIE>SI20A54
FILLBUHMELTHI L2 MELTWS, ik
BHEANALGHLTE7 ) —F— LEMISRT7-%
HERII—ERECHEBS A, ZoFHRICL IR
FUEM & D BsHE NS, FHOUEREI~A 20
A7 4 OEFLFERHSEE A, EE0ME, UHEE
260 rpm, MHIE L5 xm 12T, RELEAH &M
EHECORIL, ERLEHELL, BN 2KT

8

Heat insulator 4
Sample \ -
e Thermoceuples
..... : ®
@ |- + ®
.......... 0
---------- : @
w
.......... -]
o NS  moEooo u v}
. /‘ w
VAL RS ; o
Sampie holder
Cool ing plate
Copper column

Fig. 14. Sample fixed in sample holder and temperature

measuring locations.
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