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Control of ice fraction by capacitance measurement for prevention of

collapse during freeze drying of food

Sadao Tohi, Yoshio Hagura*® and Kanichi Suzuki*

Amano Jitsugyo CO., LTD., 4215, Satomi, Satosho-cho, Asakuchi-gun, Okayama 719-0393
*Graduate School of Biosphere Sciences, Hiroshima University, 1-4-4,
Kagamiyama, Higashi-Hiroshima, Hiroshima 739-8528

We evaluated a non-destructive determination for preventing collapse (foaming and shrinking phenom-
ena through evaporation to dryness) in freeze-dried food products. Three different types of miso (soy-bean
paste) soup prepared with different contents on a dry solid basis were used as the food product model.
Differential Scanning Calorimetry (DSC) determination was used to evaluate the freezing ratio of the miso
soup. The soup was freeze-dried to evaluate the relationship between the incident of collapse and the
freezing ratio. We found that collapse was completely prevented when the freezing ratio was about 95% or
greater. At any solid content of the soup collapse was also prevented when the freezing ratio was 95% or
greater. Freeze-dried temperature of the miso soup was changed to determine the capacitance variation, and
its relationship with the incidences of collapse was evaluated. The result revealed that the incidence of
collapse was about 50% at a temperature where capacitance was maximal. Additionally, capacitance of the
soup was graphically differentiated, and we found that the incidence of collapse was 0% at freezing
temperatures lower than the inflection point where the soup exhibited a freezing ratio of 95%. These results
suggested that in preparing freeze-dried food products, collapse during freeze-drying could be prevented by
continuously monitoring the capacitance of food products during freezing process, and by freezing them to
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a temperature at which collapse can be suppressed.
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Fig. 1

A tray of freeze-drying
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Fig.2 Schematic diagram of experimental apparatus
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Fig.5 Relationship between ice fraction and incidence of collapse for 22.5wt% Miso soup (a), 15wt%

wt% Miso soup (b)

X, ice fraction ; @, incidence of collapse (22.5 wt%) ;
[, ice fraction ; 4, incidence of collapse (15 wt%) ;
W, ice fraction ; A, incidence of collapse (30 wt%).
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Fig. 6 Change in capacitance for Miso soup
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