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Study on Moisture Content Changes during Atmospheric Freeze Drying of

Fresh-cut Japanese Radish and its Quality after Drying and Rehydration

Shoji Koide®, Kae Nishizawa, Natsuki Saito, Rei Osuga, Takahiro Orikasa and Matsuo Uemura

Faculty of Agriculture, Iwate University, 3-8-18 Ueda, Morioka, 020-8550

We conducted atmospheric freeze drying (AFD) of fresh-cut Japanese radish (daikon) at different temperatures
(0, =5, —10, —18 C) with an air speed of 0.43m-s ™, and evaluated moisture content changes. We assessed samples
dried by AFD for surface color, soluble solids content (°Brix), rehydration ratio, and texture (breaking stress and
initial elasticity) after rehydration. In the rehydration and texture tests, we compared AFD using —5 C samples and
samples dried by hot air at 60 C. An exponential model was used to describe the sample moisture content during
AFD, which decreased exponentially with drying constant with an Arrhenius-type temperature dependency.
Compared to the sample dried at 60 C, the rehydration ratio was 1.29 times higher for AFD at —5 C, and the sample
showed a large number of voids. There were no significant differences between the —5C and 60 C samples in
terms of breaking stress or initial elasticity. These results indicate that AFD is an effective drying method for

preserving the quality of products.
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Fig. 1 Changes in moisture content of Japanese radish
during atmospheric freeze drying

O,0C; A, —5TC; [, —10T; <, —18C). The symbols show

average experimental data.

Temperature (‘C)
o

—10 t t t t t

Drying time (h)

Fig. 2 Representative temperatures of samples during
atmospheric freeze drying at 0°C (gray line) and
—5%C (black line)
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Fig. 3 Appearance of Japanese radish samples by hot air
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Table1 Color (L%, a*, b*, and AE) and Brix content of Japanese radish sample
before and after hot air drying and atmospheric freeze drying

Sample L* a b* AE Brix content ratio (—)

Fresh 61.9£1.5° —0.7£0.0° 3.1£0.5° = —

0C 76.7+1.9® 1.6+0.2* 20.8+0.2* 23.2+1.1° 1.01%+0.01°
—5C  87.2+0.9* 0.4%+0.1> 17.1+0.7° 29.0*1.1% 1.03+0.01°
—10C  85.3%0.4* 0.2+0.3> 15.9+0.2° 26.7+0.2° 1.00£0.022

Each value represents the mean ®standard deviation. The soluble solid content of the
sample after drying to the sample before drying (fresh) was defined as the Brix content
ratio (—). Different letters within a column show significant difference (»<0.05) in the
same measurement.
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Table 2 Rehydration ratio, breaking stress, and initial elas-
ticity of Japanese radish sample dried by atmos-
pheric freeze drying at —5°C and dried at 60 °C

Rehydration ratio Breaking stress  Initial elasticity

Sample

(g/g-fresh) (N-m™?) (N-m™?)
Fresh — 21.2+2.5°(x10°) 38.3+8.6%(X10°)
—-5T 0.68+0.04  32.1%5.4%(X10°) 2.1%0.6°(x10%)

60C 0.53%0.03* 34.4%6.2%(x10°) 2.240.8°(x10°)

Rehydration was performed at 5C.

Each value represents the mean*standard deviation. Different
letters within a column show significant difference (»<0.01) in
the same measurement. Significant differences from the control
*$<0.01.

(&)

Fig.5 Effect of different drying temperature on the microstructure of products. (A) 60 C by hot air drying,

(B) —5°C by atmospheric freeze drying
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