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Advances in Transport Phenomena during Freeze-Drying Process of Food Materials and
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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 | 2 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 produce egg soups. In the project a new heating program was

developed to shorten the drying time for the baich-type freeze dryers in industrial scale.
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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

) (Pa) (C) (Pa) Wim-K) (X107 m's)

s Ps v 7 A K

Sliced apple -10~10 20~30 —17.7~-3.4 384~800 0.056~0.123 0063~0.120 Araki and Segara et e1.(1998)
Mashed apple(A)**  0~40 20~30  —136~ 85 335~462  0.11~0.13 0.40~0.50 Araki and Sagara et el.(1998)
Mashed apple(B) **  10~70 20~30  —11.8~197 23.7~290 0.068~0.073 1.3~1.6 Araki and Sagara et el.(1998)
Beef 30~ 100 7~30 30~408 382~785 0.036~0084 0.080~0.405 Sagaraetel.(1998)
Minced beef 40 2.7~13.3 7.3~10.3 - 0.050~0.069 0.13~0.24 Widodo and Tambunan(1982)
Py 20~53  10~95 - 53~148 - 0.062~0.172  0340~1.220 Sagara and Hosokawa(1982)
Coaree =7~71 7~12 —14.1~261 47 ~668 0.153~0.277 0213~0.649 Sagara and Ichiba(1994)
e s, 60 22~34 129~20.2  21.9~649 0063~0.144  0508~4.235 Ichiba (1994)
Shrimp 30~50 7~133 42~212  53.6~263 0.038~0.086 0.031~0.120 Wenur(1997) L
*Average value for the dried layer  **(A) Rapid freezing and (B) Slow Freezing  ***Coffee solute concentraticn
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Fig. 13. Micloslicer-Imarge Processinng System.
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measuring locations.



WigE TV AF—varykTHR)a—-L- LY
Yy VEICED SRTRICHMELL, BohiE
QITERABICL > TEOLNUVED, RKiER EH
TWHETHH, XEREL TV L HMKEZEFHMGIC,
BCELKRERKEHLIVABICERL, BUNEEFHIC
THHEER- 7.

8. 3 HEHR & KGEANHLE

Fig. 15 IoRABE T iR E —120CIC BT 53
& SRR X ORISR E—-106.9C O
iz B BkEAMTEIRERT. RFEHEIHED
MoOREPLIREAROEMIHE- T, BK - 8L,
BECiigL B T @M LR L. ZERED
ZRIZEDHBHERMBMOFRIZBECRRONY, £
DLy IDENEIT D LHFgho1t.

ERIE — 120C TS L 2B o Mm% (Fig.
15) 122V T LA#HR, RO THIZLCHEN
CHMTHET 2/ 8 KSR E N, £
O 4 I3 PE0m BETH D Z AR S s,
7, COBERICHTAMEEN, KESERT
RERE - 3 ~— 7 ClB 5 iR o0 8B
950 sec, WS HRE12.5Crsech & VBRI R g =
183.1~159.2W/m's TH 5. hbHDO&MFIIiEER
BE—15COHEREICHS, ThENBEHEZE
AT=92.1T, K#EEHERWEEMZE 2 t =1776sec
(29.6min), MAEHEE JR=444Cls, B & PFHIHHE
# A4q=1513~143.9W/m’s {ZH1H L, DL,
HRMEHIBR TR S M B KE S DIRII 30, mTH D,
#60% /N EVEELRL. SO LI3HE AT
KA S IR RENT % A T SRR O M HAEATK & <

400
200
00
-200
-40.0
-60.0
-800
-100.0
-1200
-1400

—= 600

500

o
o
o

Heat fux[W/m’s)

Temperature(°C)

40 80 80
Freezing time[min)
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