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Abstract

To investigate the sanitary-quality level of commercial kimchi in South Korea, the pH, acidity, and microbial-flora
changes in the kimchi were determined. Samples of kimchi produced by three different manufacturers (a small
grocery store, a small/medium-sized enterprise, and a large food company) were collected. Freshly made kimchi
was purchased and fermented at 10°C for 10 days. The pH of the commercial kimchi on the purchased day was
approximately pH 5.8, and that on the 10" day of fermentation was =pH 4.1. The kimchi purchased from a large
company showed a more rapid decline in pH level during fermentation. The saltiness of the kimchi purchased
from a medium-sized company was slightly higher than those of the other commercial kimchi samples. The saccharinity
index of the kimchi produced by a small grocery store was higher than those of the other samples, and its value
deviation was also higher than those of the other commercial kimchi samples. A higher total viable-cell count
and a higher lactic-acid bacteria (LAB) count were detected in the kimchi from the large food company at the
beginning of fermentation compared to the samples of the two other kimchi manufacturers. The highest cell numbers
of gram-positive bacteria (except LAB) and coliform bacteria were detected from the small-grocery-store kimchi,
but the coliform bacteria count gradually decreased during fermentation although such bacteria were still detected
until the 10" day of fermentation. In contrast, coliform bacteria were not detected in the samples from the medium-sized
and large food companies. Yeast, which is detected in over-ripened kimchi, was detected in the unfermented kimchi
from the small grocery store, which had a below-0.36% acidity level. The gram-positive bacteria (except LAB)
that were detected in all the tested commercial kimchi samples were determined to be Bacillus spp., and the
gram-negative bacteria were determined to be Escherichia coli, Enterobacter spp., Sphingomonase spp., and
Strenophomonas spp. The proportions of all the aforementioned bacteria in the kimchi samples, however, were
different depending on the samples that were taken. These results indicate that a more sanitary kimchi production
process and a more systematic kimchi production manual should be developed to industrialize and globalize kimchi.
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Manufacturing company Product name Packing material Material
Chinese cabbage 4 kef Chinese cabbage, red pepper power, shredded radish, fermented-shrimp sauce,
Small grocery store e . S . . ;

pogi-kimchi transparent vinyl bag fermented-anchovy sauce, garlic, ginger, green onion, carrot, glutinous rice, salt
Chinese cabbage 70%, red pepper power, shredded radish, fermented-shrimp

Medium sized enterorise Chinese cabbage 4 kg sauce, sugar, green onion, garlic, onion, fermented-anchovy sauce, salted
P pogi-kimchi Polyethylen bag anchovies, starch syrup, apple, ginger, pear, red-leaf mustard, glutinous rice,

sesame, carrot,  seatangle extract 0.2%

Chinese cabbage
pogi-kimchi

45 kg

Large food company Polyethylen bag

Chinese cabbage 68.1%, radish, fermented-anchovy sauce, fermented-shrimp
sauce, mild-seatangle base, red pepper power, garlic, ginger, green onion,
onion, leek(or leaf mustard), rice broth, purified salt, Leuconostoc
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Fig. 1. Changes of pH and acidity of the commercial kimchi.

All kimchi samples were fermented at 10°C.

Values are meanstSD (n>9).

DDifferent superscripts indicate significant differences at p<0.05 on the same day
by Ducan’s multiple range test.
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Fig. 2. Changes of total viable cell counts in the commercial kimchi
samples.

All kimchi samples were fermented at 10°C.

Values are meanstSD (n=>9).

D%<Dyifferent superscripts indicate significant differences at p<0.05 on the same day
by Ducan’s multiple range test.
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Fig. 3. Changes of the lactic acid bacteria cell number in the
commercial kimchi samples.

All kimchi samples were fermented at 10°C.

Values are meanstSD (n>9).

*Djifferent superscripts indicate significant differences at p<0.05 on the same day

by Ducan’s multiple range test.
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Fig. 4. Changes of gram-positive bacteria counts in the commercial
kimchi samples.

All kimchi samples were fermented at 10°C.
Values are meanstSD (n>9).

De<Dyifferent superscripts indicate significant differences at p<0.05 on the same day
by Ducan’s multiple range test.
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Fig. 5. Changes of total gram-negative bacteria counts in the
commercial kimchi samples.

All kimchi samples were fermented at 10°C.

Values are meanstSD (n>9).

DR ifferent superscripts indicate significant differences at p<0.05 on the same day
by Ducan’s multiple range test.
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Table 2. Identification of the gram-negative bacteria including
colifrom-bacteria from the freshly made commercial kimchi using
16S rRNA sequence determination.

Manufacturing company (%)

Proportion of the isolated

genera Small grocery ~ Medium sized  Large food

store enterprise company

Spingomonas ssp. 16.61+2.82 8.45+1.48 4.05+0.35
Stenotrophomonas ssp. 28924212 34.10£9.33 37.95+8.84
Enterobacter ssp. 33.19£0.35 35.5746.15 38.056.71
Escherichia coli 5.95+0.35 5.12+1.69 240:0.14
Others 15.33+1.45 16.76+2.33 17.55+2.76

This experiment was carried out as soon as the kimchi samples were bought without
fermentation.

Values are meanstSD (n>3).
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Fig. 6. Changes of yeast counts in the commercial kimchi samples.

All kimchi samples were fermented at 10°C.

Values are meanstSD (n>9).

D*MDifferent superscripts indicate significant differences at p<0.05 on the same day
by Ducan’s multiple range test.
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