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Abstract

The purpose of this study is to determine long—term storage conditions for winter kimchi. Kimchi was stored
in a kimchi refrigerator for 6 months with or without fermentation. Four different temperature systems used
were as follows: 5 days at 10°C followed by storage at -2.5°C (F1), 1 day at 15°C followed by storage at -2.5°C
(F2), storage at —1°C (S1), or at -2.5°C (S2). Time periods required for F1, F2, S1, or S2 kimchi to reach pH
4.4 and acidity 0.6% were 2, 8, 12, and 22 weeks, respectively. Lactobacillus spp. growth on F1 and F2 kimchi
was faster and greater than that on S1 and S2 kimchi, revealing a maximum concentration of 8 ~9 verses 6.8
log CFU/mL, respectively. However, Leuconostoc spp. were fully grown (8~9 log CFU/mL) on all four kimchi
samples regardless of temperature, even at —2.5°C, although the times required to reach maximum growth were
different. Growth of Lactobacillus and Leuconostoc spp. both decreased after reaching maximum levels, except
for F1 kimchi. Sensory evaluation results for 3 month storage showed that F1 kimchi was the best among kimchi
samples in terms of appearance, acidic taste, carbonated taste, crispiness, and moldy smell. For 6 months of
storage, F1 and S1 kimchi were the most highly evaluated among the kimchi samples. Sensory evaluation result
for S1 kimchi stored at —1°C was comparable to that of F1 kimchi due to fully grown Leuconostoc spp. Acidities
of F1 and S1 kimchi after 6 months of storage were 0.8 and 0.7%, respectively. Taken together, fermentation
of kimchi at 10°C for 5 days followed by storage at -2.5°C for 6 months was optimal for high quality kimchi.
Sensory properties of winter kimchi were significantly influenced by the degree of fermentation.
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Table 1. Composition of medium for Lactobacillus spp. and
Leuconostoc spp.

Lactobacillus Leuconostoc

Ingredients

Spp. Spp.
MRS (g) 55 —
Sodium acetate (g) 35 -
Acetic acid (mL) 2.5 —
Tryptone (g) — 5
Yeast extract (g) — 05
Sucrose (g) — 20
Ammonium sulfate (g) - 2
Magnesium sulfate (g) - 0.24
Monopotassium phosphate (g) — 1
Phenylethylalcohol (mlL) — 15
Agar (g) 15 25
Diluted water (mL) 1,000 1,000
Total 1,107.50 1,046.24
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Fig. 1. Changes in pH and acidity of winter kimchi stored for 6 months at kimchi refrigerator using ‘ripening mode’ or ‘storage
mode’. Ripening mode: F1, kimchi fermented for 5 days at 10°C followed by storage at -2.5°C; F2, kimchi fermented for 1 day at
15°C followed by storage at -2.5°C. Storage mode: S1, kimchi storage at —1°C without fermentation; S2, kimchi storage at -2.5°C without

fermentation.
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Fig. 2. Changes in Lactobacillus spp. and Leuconostoc spp. of winter kimchi stored for 6 months at kimchi refrigerator using

‘ripening mode’ or ‘storage mode’.

The abbreviations of kimchi refer to Fig. 1.
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Table 2. Sensory evaluation results of winter kimchi stored for 3 months at kimchi refrigerator using ‘ripening mode’ or ‘storage

mode’
Mode" Appearance Acidic taste Carbonated taste Crispness Moldy smell
F1 6.224+1.79° 556+1.13° 5.22+1.48" 6.22+1.09"° 3.44+1.81%
F2 5.00+£1.50" 4.89+1.27° 467+158" 5.44+151 3.56+£2.40
S1 5.56+0.88" 4.44+1.13" 3.89+1.36" 6.00+1.41 3.33+£2.74
S2 456+1.13° 356+1.13" 3.22+1.30 5.67+1.41 3.67+2.29

Values are mean+=SD (n=15).

*"Data with different letters in the column are significantly different with one-way ANOVA followed by Duncan’s multiple range

test at p<0.05.
NSNot significantly different among values in the column.
DThe abbreviations of kimchi refer to Fig. 1.

Table 3. Sensory evaluation results of winter kimchi stored for 6 months at kimchi refrigerator using ‘ripening mode’ or ‘storage

mode’
Mode" Appearance Acidic taste Carbonated taste Crispness Moldy smell
F1 5.09£2.07 6.91+1.22° 3.91+1.04" 5.45+1.81" 4.09£1.70™
F2 4.36+1.29 6.36+1.69° 3.64+1.36 491+1.38 4.36+1.80
S1 5.18+1.66 5.8240.98" 5.45+1.37° 591+2.07 3.82+1.89
S2 3.82+0.98 5.00+1.48" 473+2.28" 5.00+2.05 455+2.16

Values are mean+SD (n=15).

*PData with different letters in the column are significantly different with one-way ANOVA followed by Duncan’s multiple range

test at p<0.05.
NNot significantly different among values in the column.
DThe abbreviations of kimchi refer to Fig. 1.
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