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Fermentation Method of Kimchi Using Halophilic Lactobacillus sp. HL-48 and Lactic Acid. Choi,
Kyoung Sook, Chang Sung!, Myung Hee Kim, and Tae Kwang Oh*, Microbial Enzyme Research Unil,
Korea Research Institute of Bioscience and Biotechnology, Taejon 305-333, Korea, ' Department of Food Science
and Technology, Chungnam National University, Taejon 305-764, Korea —To extend the storage period and to
inhibit contamination of Kimchi by Escherichia coli, conditions of Kimchi brining and effects of the fermentation
starter, halophilic Lactobacillus HL-48 were investigated. Optimum brining condition for Kimchi was accomplished
in 15% NaCl and at pH 2.5-3.0 adjusted by lactic acid. Starter-treated Kimchi showed pH 4.2 after 18 hr fermenta-
tion, while the pH of starter-untreated Kimchi resulted in 3.3. After 36 hr fermentation, the number of E. coli in
starter-treated Kimchi was found clearly (o decrease and not detected macroscopically, but contamination of E. coli
(5.3 % 10° CFU/ml) was observed in starter-untreated sample. Organic acids in Kimchi made by this fermentation
method were analyzed by HPL.C. Kimchi contained organic acids such as oxalic acid, citric acid, malic acid and lac-
tic acid. Among them, lactic acid content was remarkably high in the early fermentation stages. However, from 24
hr fermentation, lactic acid content of starter-untreated Kimchi was higher than that of starter-treated Kimchi.
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Table 1. Ingredient ratio of Kimchi

Ingredient Ratio
Raw Chinese cabbage 100
Leek 4
Garlic 2
Ginger 1
Red pepper 2
Sugar 1
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Table 2. Conditions of liquid chromatography for organic acid
analysis

Instrument Waters 501 HPLC Pump
‘Waters 486 HPLC Detector

Column SUPELCO™ C-610 column
30 cm * 7.8 mm/iD

Mobile phase 0.1% phosphoric acid

Flow rate 0.5 ml/min

Detection Ultraviolet : 210 nm

Injection volume 20
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Fig. 1. Changes of salt concentration of Chinese cabbage
at various salt concentrations during brining.

Stem (@), leaf (W), and total (M) of Chinese cabbages were
brined in 5 (A), 10 (B), 15 (C), and 20% NaCl (D) solution.
Also, Stem (0)), leaf (), and total (00) of Chinese cabbages
were brined in 5 (A), 10 (B). 15 (C). and 20% NaCl (D)
solution adjusted to pH 2.5 by lactic acid.
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Fig. 2. Changes of pH of Chinese cabbage during brining

at various salt concentrations.

Chinese cabbages were brined in 5 (@), 10 (V¥), 15 (l), and 20

% NaCl (4). Also, Chinese cabbages were brined in 5 (O), 10

(), 15 (), and 20% NaCl () solution adjusted to pH 2.5

by lactic acid.
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Fig. 3. Comparisons of the population of E. coli on lactic
acid-untreated (A) and treated (B) Chinese cabbage at var-
jous salt concentrations.

Chinese cabbages were brined in 5 (@), 10 (O), 15 (V). and 20
% NaCl ( V) solution.
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Fig. 4. Effect of initial pH of brine on the population of
Lactobacillus sp. (A) and E. coli (B).

The pH of brine for Chinese cabbage was adjusted by lactic
acid to 2.5 (@), 3.0 (O) 3.5 (¥), and 4.0 (V)
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Fig. 5. Changes of pH (A) and acidity (B) during Kimchi
fermentation,

Chinese cabbages were treated with 15% brine alone (@) and 15
% brine containing lactic acid, pH 2.5 (O).
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Fig. 6. Analysis of organic acids in Kimchi during fermenta-
tion.

Chinese cabbages were treated with 15% brine alone (@) and 15
% brine containing lactic acid, pH 2.5 (). Organic acid: cil-
ric acid (A), malic acid (B), and lactic acid (C).
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Fig. 7. Comparisons of the number of E. coli (A) and Lac-
tobacillus sp. (B) in Kimchi during fermentation.

Chinese cabbages were trealed with 15% brine alone (@) and 15
% brine contaiming lactic acid, pH 2.5 (O).

“Wﬂ DHM] &%) Fabge] Aadste Ak 27
o—“ 7= 1_,] E‘|_1,H1,] EHZ]-E- ol zli(-O] x—]z}—_c’- o%;q]
3o ﬂz]—i-’?% a7 E 9L g} Fg. 79l4+=
728 @i Ao Me o 4 wzte] A2 et 4
2] ] =1-/‘4 WE 7|7 % feAte] WE) ofAe AlgTet
=T 25 1247704 wh2 A F718leh 1 o] 358 A
A712 Borbe A Roon, Tl slolAMEs A E
T8 RArkg A&o] vhh Asfsle] dlxTRo WA 124
7b o33 @ A& Ve dimTe] 7o wjE] =
3 Aefe) A& A7) ZeiR] AME 9 4= 9ISItHFig. 7B).
A Fe Aarge] W3} okl Fe] AETE EE
2758 F23%) ZFdE o] REAZF A 364 el |
Age Ao A=A bl x5 TE 27 log
5 CFU/mlel A} 36A1ZF @13 log 3.5 CFUMIZFA] A A 3]
71&_@] AFE ¥ chFg. 7A).
g AR 7R 702 APl ik HEle R
A %Mﬁ—ﬂ Z=2% gts] sFar, diabe] s A
&= Ao Q3 A9 544717 dAAA E 71 2

o), o)l @} AA ARANLE AFAL & 9= 75
Aol Qg U T 4 gich
[=] OF
|

37 -1, 25 ocel| X Z1x] wtEE %‘-EH 7="JJr /“%\H-«'l
A%7] pHAl 425 A3}

=ik tﬂf’n%—‘ﬂ pHE wHE 1847t F%-¢ pH 3.37}14]

F23] 7F4slgith S starterE A71HA] o
F78} starter 2 A7}E AFT 25 2a7) A Uﬂr
g} vt A3 Srleke AR B, A
Hilo]] )l A JE27E LR £7] log 5 CFU/rn1°ﬂ/‘-] 36
A7} o]&e]| log 3.5 CFU/ml 7HA] A 413 Zhashs BaE
Bgen AhTe AE R st

gk, HPLCO] 23t 24t 2 Rrlake] 249727, oxalic
acid, citric acid, malic acid, lactic acid £°] ZE% %1, ©|
%, Aare rEE7)of TRl o3 22 A

o2 9geu), RE 247 o] Fell aTe) A

R e
A S Uepd ols 7” Astol| A AsA e 2]
3 71x]2) A=A QA P AR P 7)E
Qeg Fs)

2Ate) 2

B2 B SAQT A A e 3 AT

REFERENCES

1.Cho, D. H. 1970. The lactic acid bacteria in connection
with the fermentation of vegetables. Kor: J. Food Sci.
Technol. 2: 3-1.

2.Cho, N. C. and D. Y. Jhon. 1988. Effect of garlic con-
centrations on growth of microorganism during Kimchi
fermentation. Kot J. Food Sci. Technol. 20: 231-235.

3.Cho, N. C. 1988. Effects of garlic extracts on the aer-
obic bacteria isolated from Kimchi. Kor. J. Food Sci.
Technol. 20: 357-362.

4.Choi, S. Y. and I S. Lee. 1990. Inhibitory cffect of
nisin upon Kimchi fermentation. Kor J. Appl. Micro-
biol. Biotech. 18: 620-623.

5.Chyun, J. H. and H. S. Rhee. 1976. Studies on the
volatile fatty acids and carbon dioxide produced in
different Kimchi. Kor. J. Food Sci. Technol. 8: 90-94.

6.Ha, D. M. 1994. Novel starter culcure for Kimchi,
using bacteriocin producing Enterococcus faecium  strain.
Kor. J. Appl. Microbiol. Biotech. 22: 550-556.

7.Ha, D. M. 1994. Characterization of fermentation period
and repression of fermentation. The Ith Symposium
Proceedings on Science of Kimchi, pp. 47-48. Seoul.

8. Ha, S. S. 1960. Studies on the effects of polygalactur-
onase and film-forming microbes on soft-deterioration of
pickled vegetables. Bulletin of the Scientific Research
Institute 5: 139-143.

9.1ee, N. J. and J. K. Chun. 1982. Studies on the
Kimchi pasteurization Part Il Effects of Kimchi pas-
teurization conditions of the shelf-life of Kimchi. J.
Kor Agric. Chem. 25; 197-200.



10.Lee. Y. H and [ W. Yang. 1970. Studies on the
packaging and preservation of Kimchi J. Kor Agric.
Chem. 26: 35—40

11.Mheen, T. . and T. W. Kwon. 1984. Effect of tem-
perature and salt concenfration on Kimchi fermenta-
tion. Kor. J. Food Sci. Technol. 16: 443—-450.

12. Park, W. S. and I. S. Lee. 1994. Kimchi preparation with
brined Chinese cabbage and seasoning mixture stored
separately. Kor. J. Food Sci. Technol. 26. 231-238.

13.50, M. H. 1993. Cultural characteristics of psychrotrophic
lactic acid bacterial isolated from Kimchi, pp. 1-2. Ph. D.
Thesis. Korea University.

FermenTaTiON oF KivcHr Using STARTER AND LAcTicAcip 251

14.So, M. H. 1995. Cultural characteristics of psychrotro-
phic lactic acid bacteria isolated from Kimchi. Kor J.
Food Sci. Technol. 27: 506-515.

15.50, M. H. 1996. Effects of psychrotrophic lactic acid
bacteria starter on Kimchi fermentation. Kor J. Food
Sci. Technol. 28: 806-813.

16. Shin, D. 'W. 1994. Physicochemical and microbial pro-
perties of market Kimchi during fermentation in differ-
ent containers. The Ith Symposium Proceedings on Sci-
ence of Kimchi, pp. 82-137. Seoul.

(Received February 6, 1999)



