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Abstract

When kimchi is frozen and thawed, the amount of lactic acid bacteria (LAB) and yeast is usually reduced by more
than 2 logs, and its texture including its crispness and hardness are changed significantly. As a possible means to
minimize these problems, various freezing (direct freezer with -25, -40, and -60°C and plate freezer with -40°C) and
thawing methods (radio frequency (RF) thawing, plate thawing, and room temperature thawing) were investigated
in terms of the amount of LAB and texture of kimchi. From the use of plate freezing and plate thawing, the amount
of LAB of white cabbage kimchi could be maintained by more than 10% of its initial amount while that for red
cabbage kimchi could be maintained by more than the initial amount. Pretreatment with trehalose (19 °Brix soluble
solid content) to salted Chinese cabbage could maintain kimchi’s hardness and crispness. In order to maintain the
texture and the amount of LAB in kimchi, the use of the plate freezer (-40°C) and the plate thawing (20°C) seemed

to be effective with the assistance of trehalose.
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Fig. 1. Freezing curves of white cabbage kimchi package stored in a -25, -40 and -60°C direct freezer (a) and a representative
thawing curve in a radio frequency defroster (b).

Table 1. Quality characteristics of white cabbage kimchi before and after freezing at two different temperatures

Characteristics Before freezing Thawed after -60°C freezing ~ Thawed after -25°C freezing

Soluble solid content (°Brix) 5.43+0.06"* 5.53+0.06° 6.17+0.06
Salinity (%) 1.22+0.03 1.21£0.01° 1.39+0.01°
pH 4.28+0.06" 4.19+0.01° 425+0.01°
Titratable acidity (%) 0.57+0.01* 0.68+0.01° 0.61+0.01°
Lactic acid bacteria (log CFU/mL) 8.43+0.04% 6.78+0.16° 5.91+£0.20°
Yeast (log CFU/mL) 3.31+0.15 ND** ND

Maximum force at 40% depth with ®5 probe (N) 0.65+0.25° 0.12+0.02° 0.14+0.04°

*The values represent mean=SD log CFU/mL 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 detected in the solution diluted to 1/10.
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Fig. 2. Freezing curves of kimchi package in a plate freezer (a) and thawing curves depending on three different thawing methods
(b). RF and plate represent radio frequency and plate thawing methods, respectively.

Table 2. Effects of three different thawing methods on the quality characteristics of red and white cabbage kimchi

Plate freezing (-40°C) Direct freezing (-40°C)
.. Before
Characteristics freezing RF Plate Room temperature Room temperature
thawing thawing thawing thawing
Soluble solid content (°Brix) 8.99+0.67* 9.26£027  9.01+0.38 8.98+0.43 9.38+0.35
Salinity (%) 1.47+0.09 1.61£0.10  1.64+0.09 1.58+0.14 1.53+0.08
Red pH 4.31+0.03 4.26£0.06  4.32+0.00 4.30+0.07 4.33+0.02
cabbage Titratable acidity (%) 0.87+0.02° 0.94+0.04*  0.87+0.01° 0.86+0.06° 0.87+0.03°
kimehi  actic acid bacteria (log CFU/mL) 8.14+0.11" 847+0.13*  8.50+0.02° 7.9140.23" 4.98+0.45°
Yeast (log CFU/mL) 247+0.64°  2.77£0.82*  3.19+0.29* 1.16£0.28° ND
Maximum force at 40% depth with ®5 probe (N) 0.85£0.45° 0.27+0.07°  0.23+0.03° 0.25+0.06° 0.23+0.04°
Soluble solid content (°Brix) 5.60+0.36  5.50+0.25 5.51£0.41 5.18+0.21 5.25+0.20
Salinity (%) 1.06+0.02  1.12+0.01 1.10+0.05 1.10+0.09 1.07+0.06
White pH 3.94+0.07 3.92+0.01 3.97+0.06 3.924+0.06 3.99+0.01
cabbage Titratable acidity (%) 0.56+0.05% 0.57+0.04®  0.60+0.03° 0.51£0.04" 0.49+0.01¢
kimehi [ actic acid bacteria (log CFU/mL) 8.86+0.73* 7.78+0.07" 8.06+026™  7.45+0.52° 5.7241.07°
Yeast (log CFU/mL) 3.55+0.1*  2.90+0.20°  3.30+0.33% 1.39+0.36¢ ND
Maximum force at 40% depth with ®5 probe (N) 0.97+0.33* 0.23£0.07°  0.27+0.12° 0.24+0.07° 0.22+0.06°

*The values represent mean+SD log CFU/mL for triplicate experiments. Means with same letters or without letters within a line are not significantly

different at p<0.05 by Duncan’s multiple range test.
**Means with ND are not detected in the solution diluted to 1/10.
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Table 3. Effect of dry pretreatment on the texture of kimchi during freezing and thawing

. Hardness with @2 probe (N) Crispness (%)
Dry weight loss - - - -
Before freezing After thawing Before freezing After thawing
0% 6.43£1.22° 9.65+2.00° 49.0+15.0™ 24.8+11.3%
14.1£1.9% 7.47£2.04% 9.00+£1.93" 40.9+12.6° 25.6£10.7%
23.9£2.7% 7.05+1.05¢ 7.77+£2.53% 54.3+9.7* 24.8+17.2%
37.3+£3.7% 6.38+2.04° 8.73+1.87*¢ 44.7£16.4° 21.111.7¢
56.3+£7.5% 8.67+2.73>¢ 11.61+£3.37* 31.1£15.7° 17.9+11.1¢

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

multiple range test

Table 4. Effects of trehalose treatment on the textural changes of salted Chinese cabbage during freezing and thawing

Juice from ground cabbage Hardness with ®2 probe

Freeze after texture analysis (Y] Crispness (%)
Treatment -thaw
(Fig 3) Salinity ~ Soluble solid Before After Before After
(%) content (“Brix) freezing thawing freezing thawing

Immersion in 8% salinity water a day Plate - Plate 49 10.25 6.57+0.717" 7.76£1.78%% 458+10.7* 31.9+12°%
(9.1 °Brix from salt)
Immersion in 7.1% salinity and Plate - Plate 33 11.69 6.45£1.38% 6.84+1.52°¢ 49.8+154™ 35.1+£8.6%"
14.5 °Brix water a day
Immersion in 2.7% salinity water a day ~ Plate - Plate 1.18 4.35 6.30£1.01"  7.46+1.33°*¢ 551+12.8° 31.8+11.4°%
(3.56 °Brix from salt)
Immersion in 2.7% salinity and 18 °Brix ~ Plate - Plate 1.63 7.49 5.95+0.88%  7.41£121°% 51.2+11.3% 34.0+8.1%%
water a day
3 hours with salt + a day without salt Plate - Plate 5.7 11.78 6.98+1.43%¢ 8.01£1.01°%" 33.4+11.2%% 28.8+13.4%
3 hours with salt + a day in trehalose Plate - Plate 4.5 12.73 7.11£0.79%¢  7.57+£1.07%" 39.7+10.5¢%° 32.0+14.2°%
3 hour with salt + a week without salt Plate - Plate 6.9 13.8 6.94+1.02¢ 835+138%" 412+£7.09  28.6+11.8%
3 hours with salt + a week in trehalose Plate - Plate 5.7 19.2 7.83+1.06%% 6.62+1.05 32.1£11.1°%  38.5+17.6%¢
1 hour in salt + a week in trehalose Fan type - 9.1 228 8.60£1.818" 8.75£2.02" 36.5+12.2%" 27.3+12.1°

Room temperature

*The values represent mean+SD for triplicate experiments. Means with same letters within same characteristic are not significantly different at p<0.05 by

Duncan’s multiple range test
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Fig. 3. Effect of trehalose pretreatment on the freeze-thaw
curves of kimchi.
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