
Proceedings a/the First Asian-Ausll'tllIan Drying CQf/!erence (ADC'99) 
Bali, Indonesia, 24-27 October 1999 

TRANSPORT PROPERTIES OF CELLULAR FOOD 
MATERIALS UNDERGOING FREEZE-DRYING 

Tetsuya ARAKI I, Yasuyuki SAGARA I, Kamaruddin Abdullah 1 and 
Armansyah H. TambunRo 1 

'Department of Global Agricultural Sciences. Graduate School of 
Agricultural and Life Sciences, The University of Tokyo, Japan 

(I-I-I, Yayoi, Bunkyo-ku, Tokyo, 113-8657. Japan) 

2 Agricultural Engineering Sciences, the Graduate School, IPS 

(Bogor Agricultural University), Indonesia 

(P.O.Box 220, Kampus-IPB, Dannaga, Bogor. 16680, Indonesia) 

Key words: cellular structutral model. drying characteristics, mashed 

apple,permeability, sliced apple. thermal conductivity 

ABSTRACT 

Both sliced and mashed apples have been freeze..Jried at various surface 
temperatures under the usual pressure range of commercial opera/ions. The surface 
of sliced samples could no/ be maintained at above IOtt: in order /0 prevent the 
frozen layer from melting. while tha.t of mashed samples was allowed to heat up to 
70"C. 

Thermal conductivities and permeabilities were determined by applying the 
uniformly-retreating-ice front model to the dried layer of the samples undergoing 
freeze-drying. The effects of freezing rate on transport properties were found to be 
critical for the mashed samples. The results Indicated that the drying rate of sliced 
samples was limited by the transfer rate of water vapor flOWing through the dried 
layer. 

A cellular structural model was proposed for predicting the permeability of 
the dried layer. based on the resistance of a cell membrane to the molecular transfer 
of water vapor. 

INTRODUCTION 

Thermal conductivity and permeability for the dried layer of the material are 

indispensable for the prediction of the drying rate during freeze-drying of food. 
However, available literatures are limited on the drying characteristics and transport 

properties of cellular food materials such as fresh fruit and vegetables. Particularly. 
the effects of operating parameters on the drying rate as well as transport properties 

have not been investigated in connection with the freezing and freeze-drying 
operations. 

The objectives of this work are 1) to measure the drying characteristics, 

thermal conductivity and permeability for sliced and mashed apples, 2) to reveal the 
influences of freezing rate as well as temperature and pressure of the dried layer 
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