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Abstract

Commercial direct refrigerators have good energy efficiency, but are difficult to use for supercooled storage due to
their large temperature deviation. Placing insulators and conductors inside the refrigerator could reduce these tem-
perature deviations to within 0.3 degrees, allowing for the supercooled storage. The supercooled storage of salted
Chinese cabbages during ten weeks was progressed to compare the other low temperature storages. The nucleation
temperatures of salted Chinese cabbage were around -2.5°C and the freezing points were around -0.4°C, so -2°C was
selected for the supercooled storage. The growth rate of lactic acid bacteria and yeast at -2°C storage was lower
than that at 2°C storage. The reducing sugar was maintained higher due to the growth rate of lactic acid bacteria.
The supercooled storage had an effect of delaying the fermentation of the salted Chinese cabbage, which may have
the effect of delaying the fermentation of kimchi. This enhancement method of the direct refrigerator was effective
for the supercooled storage and would be promising for commercial use.
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Fig. 1. Freezing curves of salted Chinese cabbage. Triangle
symbols ( 2A') mean nucleation temperatures and diamond symbols
(<) mean freezing points.
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Table 1. Physicochemical quality changes of salted Chinese cabbages during the storage at 2°C and -2°C (supercooled state)

Storaging day 0 14 28 42 56 70

Storaging temperature Initial value 2°C -2°C 2°C -2°C 2°C -2°C 2°C -2°C 2°C -2°C

Soluble solid content (*Brix) ~ 7.01£0.59™  7.24+0.73*  6.90£0.71" 6.39£0.30"° 6.99+£0.49™ 6.20£0.27™ 6.28+0.16" 6.28+0.32" 6.5:0.47"™ 5.87+0.39°  6.1440.30"
Reducing sugar (ug/mL) 40.62+6.23"  33.69+£2.41° 34.90+0.88° 20.33£2.14°° 24.45+0.46° 15.55£1.72° 22.11£4.32% 9.34+4.32" 16.16£1.05% 6.52+1.63" 16.79+2.1%

Salinity (%) 1.59+0.35"""  1.56£0.26  1.610.15 1.41£0.20 1.69+0.34 1.45+0.08 1.54+£0.27 1.49+030  1.72£0.23  1.52+0.29 1.54+0.19
Titratable acidity 0.19+0.02% 0.24+0.01™  0.21£0.03® 0.33£0.03°  0.26+0.02° 0.41£0.01"7  0.27+0.02* 0.54+0.04*  0.30£0.01% 0.544+0.03%8  0.3240.02°
Hardness (N/®2 probe) 6.51+0.76" 6.95£1.29"  6.61£1.04" 6.95£1.48"  7.47+1.73" 7.51£1.66° 9.25£1.47" 9.56+3.30" 7.58+1.21" 7.51£1.38"  7.42+2.05

"The values represent mean+SD for triplicate experiments. Means with same letters within a line are not significantly different at p<0.05 by Duncan’s multiple range test.
*Means with ND are not significantly different at »<0.05 by Duncan’s multiple range test.

Table 2. Color changes of salted Chinese cabbages during the storage at 2°C and -2°C (supercooled state)

Storaging day 0 14 28 42 56 70
Storaging temperature Initial value 2°C -2°C 2°C -2°C 2°C -2°C 2°C -2°C 2°C -2°C
Lightness L 74344323 73.2243.05° 74.6142.64" 75.06+4.26™ T4.94+4 87 T4.07+4.49% 734743470 75.46+£2.79% 74.51+437% 72.96+4.00° 76.63+3.55¢
Redness a 0.18+0.10*  0.09£0.07*  0.10£0.07°  0.10£0.09®°  0.13£0.11®  0.24£0.22% 0.26+022' 0.27+0.19°  0.16£0.10® 0.26+0.18'  0.11£0.10®
Yellowness b 6.2310.60"  626+0.64°  6.00£0.57°  6.34+0.50°  6.58+£0.89"  6.25£0.59® 6.36+0.85° 6.01£0.73°  6.44+0.62°  6.23+0.87°  6.57+0.62°

“The values represent mean+SD for triplicate experiments. Means with same letters within a line are not significantly different at p<0.05 by Duncan’s multiple range test.

Table 3. Microbial quality changes of salted chinese cabbages during the storage at 2°C and -2°C (supercooled state)

Storaging day 0 14 28 42 56 70

Storaging temperature Initial value 2°C -2°C 2°C -2°C 2°C -2°C 2°C -2°C 2°C -2°C

Aerobic bacteria (logCFU/mL)  5.21£0.48"" 5.69+0.34*  5.56+£0.27" 5.49+0.82" 4.89+0.48™ 4.11+1.04° 4.6£0.19™  4.73£0.05" 4.69+0.94" 3.97+0.56° 4.04+0.02°
Lactic acid bacteria (logCFU/mL) 3.18+0.52°  6.23+0.31% 6.12+0.42% 7.24+0.56° 6.33£0.34% 7.05+0.19° 6.72+£0.08¢ 7.29+0.86° 5.95+0.55° 7.35+1.08¢ 5.75+0.57°
Yeast (logCFU/mL) 298+027"  3.94+0.7°  3.73x0.39® 5.51+£0.48° 4.1£0.34° ND™ ND 6.05+0.62  4.64+0.65" 6.40+0.5%  4.59+0.59
Mold (logCFU/mL) 1.57+0.29™ 2.61+1.14  2.68+0.17 ND ND ND ND ND ND ND ND

“The values represent mean+SD for triplicate experiments. Means with same letters within a line are not significantly different at p<0.05 by Duncan’s multiple range test.
“Not detected
“*Means with no letter are not significantly different at p<0.05 by Duncan’s multiple range test.
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