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Effects of Freeze-Drying Time on Quality of Freeze-Dried Kimchi

Young-Tae Ko* and Jung-Hwa Kang

Department of Foods and Nutrition, Duksung Women’s University

Effects of freeze-drying time on the microbiological, sensory, and other characteristics of freeze-dried kimchi
were investigated to optimize freeze-drying time for kimchi. Quality attributes of freeze-dried kimchi, including
number of lactic acid bacteria (LAB), pH, sensory properties, brittleness, rehydration property, moisture content,
and microstructure of Chinese cabbage were observed for 24, 48 and 72 h, respectively. Number of LAB and
pH of the kimchi freeze-dried for 24 h were significantly changed in comparison with those of the kimchi not
freeze-dried. However, further freeze-drying did not change markedly number of LAB and pH. Overall
acceptability of the sample freeze-dried for 48 or 72 h was better than that of the sample freeze-dried for 24 h.
As freeze-drying time increased, brittleness of the dried sample increased, and rehydration property was
improved while dried weight and moisture content of the sample decreased. In conclusion, the sample freeze-
dried for 48 h was better than the sample freeze-dried for 24 or 72 h, based on sensory properties and other

characteristics.
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Table 1. Operation Conditions of Rheometer
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Mode 20
R/H Real
P/T Press
REP (Repeat) 1
Max. weight (kg) 10
Penetration depth (mm) 7

Table speed (mm/min) 120

Holding time (sec) 0

Test type Cutting & Shearing
Adaptor type Rectangle
Adaptor area (cm®) 0.02
Sample type H-angle
Sample height (mm) 5
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Table 2. Effects of freeze-drying time on viable cell count of lactic acid bacteria and pH of freeze-dried kimchi®

Freeze-drying time Raw 48 h 72h
Viable cell count (CFU/mLY?  3.7x107.¥ (100.0%) 4.6x105%, (12.4%) 4.4x10°, (11.9%) 4.4x10°, (11.9%)
pH? 542 5.70 5.64

YViable cell count and pH of dried kimchi were measured after rehydration with water

PMean values of 30 or more replications
CFU: Colony forming unit per mL

Ya-b Any two means in a row not followed by the same letter are significantly different at the 5% level

“Median values of 18 replications

Table 3. Effects of freeze-drying time on sensory properties of
freeze-dried kimchi”

Freeze-dryin 48h
timdery ¢ 24h (Reference) 72h
Overall acceptability 4.53? 5.00, 5.07,
Taste 4.97, 5.00, 5.03,
Odor 5.90, 5.00, 4.17,
Texture 4.87, 5.00, 4.90,
Crispness 4.07, 5.00, 5.83,
Color 5.00, 5.00, 5.00,

UThe scores were assigned numerical values 1 to 9 with “no difference
between sample and reference” equaling 5, “extremely better than
reference” equaling 9 and “extremely inferior to reference” equaling 1.
Sensory evaluation test was repeated three times using 10 panelists.
2See footnote in Table 2
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Table 4. Effects of freeze-drying time on maximum weight and distance value of freeze-dried kimchi®”

Freeze-drying time 24h 48h 72h
Max. weight (g) 1021.8 7+799.0 (100.0%) 904.5,+506.9 (88.5%) 808.8,+414.8 (79.2%)
Distance (dyne/cm?) 2.6,+2.0 (100.0%) 2.0,+1.4 (76.9%) 1.8,+1.3 (69.2%)

YMean values and standard deviations of 5 or more replications
2See footnote in Table 2
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Table 5. Effects of freeze-drying time on rehydration of freeze-dried kimchi"

Freeze-drying time 24h

48h 72h

Amount of residual water (g) 5.80,2+1.23 (100.00%)

5.22,#1.39 (90.00%) 4.97,+0.87 (85.69%)

YAmount of raw kimchi sample was 30 g
Mean values and standard deviations of 10 or more replications
PSee footnote in Table 2

Table 6. Effects of freeze-drying time on weight and moisture content of freeze-dried kimchi ¥

Freeze-drying time 24h 48h 72h
Wt. of dried kimchi (g) 2.62.7+0.07 2.66,£0.07 2.56,20.12
Moisture content of dried kimchi (g) 0.37 +0.02 0.36 +0.02 0.35 +0.02
Moisture (%) 14.12+0.72 13.53+1.01 13.67+£1.02
YAmount of raw kimchi sample was 30 g
Mean values and standard deviations of 8 replications
»See footnote in Table 2
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Fig. 1. photomicrographs of Chinese cabbage cells of freeze-
dried kimchi

(a) Chinese cabbage cells of the kimchi not freeze-dried (b)
Chinese cabbage cells of the kimchi freeze-dried for 48 h
Magnification: x1500
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