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Abstract

The purpose of this study is to develop a method to cultivate lactic acid bacteria (LAB) as a by-product in the fer-
mentation of kimchi through the use of Chinese cabbage leaves. A method to reduce the initial number of micro-
organisms using citric acid and ethanol to wash cabbage leaves was investigated. In this experiment, Chinese
cabbage leaves were washed using a mixture of 3% citric acid and 7% ethanol and the washed cabbage leaves were
juiced and used as a sample. The total microorganisms of kimchi cabbage juice (KCJ) was reduced from log 6.53
CFU/g to log 3.69 CFU/g by washing with citric acid and ethanol, and lactic acid bacteria from log 4.40 CFU/g
to log 2.01 CFU/g. The salinity of KCJ was appropriate for the growth of lactic acid bacteria but the pH was too
low. The yield of washing, juice extraction, and total were 80.82%, 79.32%, and 64.11%, respectively. KCJ made
by washing with citric acid and ethanol was good for the culture broth of lactic acid bacteria.
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Table 1. Yield of kimchi cabbage juice with under various washing conditions of kimchi cabbage leaves

Washing condition Washing yield (%) Juice extraction yield (%) Total yield (%)
CA1%+EtOH20%" 76.75+1.13° 78.96+1.10° 60.60:0.86"
CA1%+EtOH20%+NaC10%? 73.05+0.51* 75.24+0.87* 54.97+0.91%
CA1%+EtOH20%+NaC10% aW?> 73.49+0.80* 75.41+0.92° 55.42+0.35%
CA1%+EtOH20%+NaC5% aW* 74.05+0.60* 75.50+0.93* 55.91+1.13%

*CA: Citric acid, EtOH: Ethanol, NaC: Sodium chloride

"Washing kimchi cabbage leaves with 1% citric acid and 20% ethanol solution.

PWashing kimchi cabbage leaves with 1% citric acid, 20% ethanol and 10% sodium chloride solution

9Washing kimchi cabbage leaves with 1% citric acid, 20% ethanol and 10% sodium chloride solution after washing with tap water
“Washing kimchi cabbage leaves with 1% citric acid, 20% ethanol and 5% sodium chloride solution after washing with tap water
*®Means with different small letter in the same column differ significantly by Duncan’s multiple range test (p<0.05)

Table 2. Yield of kimchi cabbage juice with increasing citric
acid concentration in washing solution of kimchi cabbage
leaves after washing with tap water

Washing solution Washing yield Juice extraction Total yield

(%) yield (%) (%)
CA1%+EtOH20%"  76.54+£0.52*  80.65+0.88*  61.73+0.32°
CA2%+EtOH13%” 78.75+0.38"  80.32+0.86"  63.25+0.83"
CA3%+EtOH7%”  80.82+0.18°  79.32+0.67*  64.11+0.49"

YWashing kimchi cabbage leaves with 1% citric acid and 20% ethanol
solution.

PWashing kimchi cabbage leaves with 2% citric acid and 13% ethanol
solution

Washing kimchi cabbage leaves with 3% citric acid and 7% ethanol
solution

*“*Means with different small letter in the same column differ significantly
by Duncan’s multiple range test (p<0.05)
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Table 3. Salinity and pH of kimchi cabbage juice with under
various washing conditions of kimchi cabbage leaves

Washing condition Salinity (%) pH
CA1%+EtOH20% 0.30+0.02* 3.99+0.36°
CA1%+EtOH20%+NaC10% 1.67+0.03° 4.32+0.07°
CA1%+EtOH20%+NaC10% aW  3.27+0.03¢ 3.82+0.04°
CA1%+EtOH20%+NaC5% aW 1.86+0.04¢ 3.95+0.03°

Abbreviations are the same as in Table 1.
*dMeans with different small letter in the same column differ significantly
by Duncan’s multiple range test (p<0.05)

Table 4. Salinity and pH kimchi cabbage juice with increasing
citric acid concentration in washing solution of kimchi cabbage
leaves after washing with tap water

Washing solution Salinity (%) pH
CA1%+EtOH20% 0.25+0.01° 3.82+0.03°¢
CA2%+EtOH13% 0.25+0.00* 3.27+0.01°
CA3%+EtOH7% 0.26+0.00* 2.98+0.03°

Abbreviations are the same as in Table 2
“*Means with different small letter in the same column differ significantly
by Duncan’s multiple range test (p<0.05)
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Table 5. Aerobic bacteria and lactic acid bacteria of kimchi

cabbage juice with various washing conditions of kimchi
cabbage leaf

. . Aerobic Lactic acid

Washing solution bacteria bacteria
CA1%+EtOH20% 3.91+0.21° 1.65+0.05°
CA1%+EtOH20%+NaC10%] 4.03+0.08° 1.98+0.12°
CA1%+EtOH20%+tNaC10%l aW  3.41£0.03* 2.12+0.17°
CA1%+EtOH20%+NaC5% aW 3.454+0.11° 2.13+0.08°

Abbreviations are the same as in Table 1
*®Means with different small letter in the same column differ significantly
by Duncan’s multiple range test (»p<0.05)
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Table 6. Aerobic bacteria and lactic acid bacteria of kimchi
cabbage juice with increasing citric acid concentration in
washing solution of kimchi cabbage leaves after washing with
tap water

Washing solution Aerobic bacteria  Lactic acid bacteria

CA1%+EtOH20% 4.44+0.02° 2.15+0.03*
CA2%+EtOH13% 4.22+0.11° 2.32+0.02*
CA3%+EtOH7% 3.69+0.01* 2.01+0.48*

Abbreviations are the same as in Table 2
*“*Means with different small letter in the same column differ significantly
by Duncan’s multiple range test(p<0.05)
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Table 7. Changes of pH, aerobic bacteria and lactic acid bacteria of kimchi cabbage juice during storage at room temperature

0 2 4 6 8

pH 3.85+0.00° 3.84+0.00° 3.83+0.00° 3.33+0.00° 3.32+0.00°
Aerobic bacteria 2.64+0.06° 2.29+0.02° 2.53+0.04° 2.26+0.02° 2.57+0.05
Lactic acid bacteria 2.46+0.05¢ 1.90+0.03° 2.3240.03 2.23+0.02° 2.57+0.01°

“*Means with different small letter in the same row differ significantly by Duncan’s multiple range test (»p<0.05)
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