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Abstracts

Antimicrobial activity of chitosan and chitosan oligosaccharides on the microorganism related to Kimchi was
investigated. 5 kinds of chitosan, which have different deacetylation degrees and molecular weights were
prepared and its effect on the organoleptic characteristics, pH and titrable acidity of Kimchi in the storage
time were examined. C-4 and C-5 chitosan (D.A.: 92~99%, M.W.: 16,000~32,000) recorded high score in the
texture and showed pH 4.9 and titrable acidity 0.35%, compared with control (pH 4.1, titrarable acidity 0.50
%) evaluated to optimal ripening time. The chitosan oligosaccharides containing relatively large amount of
pentamer~heptamer were chosen from C-4 chitosan hydrolyzates. Antimicrobial activity of C-4 and chitosan
oligosaccharides against B. subtilis, B. cereus, Pse. fluorescens, E. coli, Lac. plantarum, Leu. mesenteroides,
Lac. brevis, Ent. faecalis and 3 kinds of microflora from Kimchi were examined. The clear zone against
microorganism were 9~20 mm at 3.0% C-4 chitosan and 8~24 mm at 5.0% chitosan oligosaccharides, and
MIC of chitosan and chitosan oligosaccharides was shown 0.01~0.05% and 0.05~0.2%, respectively. The
antimicrobial effect of chitosan and chitosan oligosaccharides was also observed in 3 kinds of total microflora
from Kimchi and was most strong in the microflora from the ripening stage of Kimchi, suggesting C-4

chitosan and chitosan oligosaccharides could be applicable to extending shelf-life of Kimchi.
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Table 1. Characterization of chitosan used in this study

Kinds of DA." Solubility

M.W. Colour

chitosan (%) (%, 1% HC))
C-1 280,000 99 white brown 3.0
C-2 280,000 85 white brown 1.0
C-3 280,000 70 white brown 0.5
C-4 16,000 99 beige 6.0
C-5 32,000 92 yellow 6.0

"D.A.: degree of deacetylation.
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Table 2. Titrable activity and pH of various ripen-ing

stage of Kimchi used for detection of antimicrobial acti-
vity of chitosans

Pre-ripened Optimum- Over-

ripened ripened
pH 4.57 4.02 3.78
Titrable acidity 025 0.75 1.24

2t MICE 2 slglc).
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Table 3. Sensory score” of Kimchi samples during fer-
mentation

Taste Texture Overall quality
3day 7day 3day 7day 3day 7day

Control 421 3.75* 411" 3.59° 398 3.64®
C-1 294" 326" 415 357" 316 3.34%
C2 302 316 415 349 319 337
C3 315" 3.42* 419" 368" 342" 341°
C4 419" 376 4.12° 401 4.16 3.89°
C5  422° 368 4100 413 415 392

"Means of replications: means not followed by the same letter

in the same colum differ significantly each other (p<0.05).
?5: most acceptable, 1: least acceptable.
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Fig. 1. Changes in pH of Kimchi samples during fer-
mentation at 10°C. ®—@: control, &A—aA: C-4, B—B&:
C-5.
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Fig. 2. Changes in titrable acidity of Kimchi samples
during fermentation at 10°C. @—@®: control, A—A: C-
4, B—R:CS5
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Fig. 3. Time course of HPLC pattern of chitosan hydrolyzates by the chitosanase.
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Table 4. Changes in degree of polymerization of chitosan
oligosaccharides produced by enzymatic hydrolysis at the
optimum condition

Oligomer Chitosan oligosaccharides (%)

unit 10hr 15hr 20hr 25hr 30hr 35 hr
2 359 536 581 725 651 636
3 731 1323 1455 1677 1359 1597
a4 1139 1845 2007 2215 1830 20.77
5 16.79 2350 2538 2640 22.69 24.67
6 14.86 1633 1731 1647 15.61 1557
7 1036 743 751 623 653 575
8 782 388 386 277 291 -
9 595 - . - - N
10 440 - . - -

11 301 - . . -

Total 85.48 88.18 9449 98.04 86.14 89.09
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Fig. 4. Time course of production pattern of chitosan
pentamer, hexamer and heptamer by chitosanase.
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Fig. 5. Antimicrobial effect of chitosan and chitosan
oligosaccharide solution on the bacteria. A: control, B:
3.0% chitosan, C: 0.1% chitosan oligosaccharide, D: 1.0%
chitosan oligosaccharide, E: 3.0% chitosan oligosaccharide,
F: 5.0% chitosan oligosaccharide.
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Table 5. Growth inhibiton of microorganism demon-
strated by chitosan and chitosan oligosaccharides

Clear zone on plate (mm)

Microorganism Chitosan _ Chitosan
(3.0%) oligosaccharides
(5.0%)
Pseudomonas fluorescens 18 10
Escherichia coli 20 9
Bacillus subtilis 18 11
Bacillus cereus 13 8
Leuconostoc mesenteroides 16 11
Lactobacillus brevis 16 24
Lactobacillus plantarum 9 21
Enterococcus faecalis 20 16
Kimchi-1" 14 11
Kimchi-1I? 23 18
Kimchi-1IP? 15 12

“Kimchi I: pre-ripened.
“Kimchi II: optimum ripened.
YKimchi 1II: over-ripened.
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Lactobacillus brevis Enterococcus faecalis

Fig. 6. Antimicrobial effect of chitosan and chitosan
oligosaccharide solution on the lactic acid bacteria related
to Kimchi. A: control, B: 3.0% chitosan, C: 0.1% chitosan
oligosaccharide, D: 1.0% chitosan oligosaccharide, E: 3.0%
chitosan oligosaccharide, F: 5.0% chitosan oligosaccharide.
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Fig. 7. Antimicrobial effect of chitosan and chitosan oligosaccharide solution on the bacteria from Kimchi at the various
fermentation stage. A: control, B: 3.0% chitosan, C: 0.1% chitosan oligosaccharide, D: 1.0% chitosan oligosaccharide, E: 3.0%
chitosan oligosaccharide, F: 5.0% chitosan oligosaccharide, Kimchi-1: pre-ripened, Kimchi-II: optimum-ripened, Kimchi-Ill: over-
ripened.
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Table 6. Antimicrobial effect of chitosan on the bacteria
related to Kimchi

Microorganism Chitosan(%) MIC
0 001 003 005 007 010 (%)

Pseudomonas  +++ +V P . - - 003

fluorescens

Escherichia +++ - - - - - 0.01

coli

Bacillus +++ 44 + - - - 0.05

subtilis

Bacillus +++ o+ - - - - 0.03

cereus

Leuconostoc +++ 4 - - - - 003

mesenteroides

Lactobacillus +++  ++ + - - - 0.05

brevis

Lactobacillus +++ 4+ + - - - 005

plantarum

Enterococcus +++  + - - - - 003

faecalis

Y+: Degree of growth in 72 hrs.

2.: No growth.

Table 7. Antimicrobial effect of chitosan oligo-saccharides
on the bacteria related to Kimchi

Chitosan oligosaccharides (%) MIC
0 005 010 020 030 040 (%)

Microorganism

Pseudomonas  +++ +" 2 . - - 010
fluorescens

Escherichia +++ - - - - - 0.05
coli

Bacillus +++  ++ + - - - 0.20
subtilis

Bacillus +++  + - - - - 010
cereus

Leuconostoc +++ 4+ - - - - 010
mesenteroides

Lactobacillus ++4+ ++ + - - - 020
brevis

Lactobacillus +++ + - - - 020
plantarum

Enterococcus +++ 4+ - - - - 0.10
faecalis

"+: Degree of growth in 72 hrs.

2.: No growth.

0.01~0.05% WHALT 7|EAF &S] Aol
0.05~0.2% WS 2 7| B2-g&e|mgo] 71 B4 Hl&] =
A vhebset.

7| A Lol smede] F)EAbel 8| MIC7H WA 1}
ehd e F)EAL) WIS F1EAL Selude] ¥
ol Ym Lol m Foli BT 5ol A9 ¢l 2-
agpale] H¥o] AiA o e o TP 1 9lr] B
o2 Azke|o] o] Ak Mol thaF T EAF &7

22 MIC7} 7| EAke] MICHT} oF 2u) A Jehgd
AE™] Ay A e} fA}spsdcl.

olde AAzRE J)BA 9 v|EAl LE|wpe
2] B oY A3 -3 gFHe ehy
H 53] A7) o] Fol HHsh= v EL Aol
X AR bl 3-89 4 3le Ao s
et

2 o

71EAL B 71BAL 2] wwke] x)#@ v Yo
W3k FEENE FESSc E3eF 9 golxgs
o thE 5%9] J)RARE T Alstd o] Aol
F, #5734L pH 9 ALE € AE¢ A3, c4 9 C-
5(BetAE 3t 92~99%, 212k 16,000~32,000)7} $-
F 27 el 44712 9r1E gz
2] pH 4.1, 4% 0.50% XA )4 pH 4.9 % A% 0.35
%E JeRlSich 9, C-4 7)1 BAHE AL 16,000, ©
ot BtE: 99%)0 2 H-E] 5~TekA ] Fafo] EL 7)
EAY 8| v} ZAEL T B. subtilis, B. cereus, Pse.
fluorescens, E. coli, Lac. plantarum, Leu. mesenteroides,
Lac. brevis, Ent. faecalisol W&le] 3}-723& 243} v},
3.0% (wiv) 71 EARE 9~20 mm, 5.0% (wiv) 7] EAF 28]
T2 8~24 mme] A AL viehlig] on 7] EAL
2] MIC:= 0.01~0.05% (wh), 7)1 EAF 28] 7t}e] MICE
0.05~0.2%2. Vteptrt. C4 7| A U 7| B4 2] v}
< =¥ 271, A7) 9 F719) 7] 9 % microflora
o deiME Hde Jehlgn B3 A%7)9
microflorasl] tHaiA] 7} 73} 8k 8wt whebA]
C4 2 71EAF gulade 31x)2] AAA AAdA2A
8ol ¥ Aoz 7= g

2 #

1. Hong, W.S. and Yoon S.: The effects of low temperature
heating and mustard oil on the Kimchi Fermentation (in
Korean). Korean J. Food Sci. Technol, 21, 331-337 (1989)

2. Kim, SJ. and Park, X.H.: Antimicrobial activities of the
extracts of vegetable Kimchi stuff (in Korean). Korean J.
Food Sci. Technol, 27, 216-220 (1995)

3. Hong, S.P, Kim, D.S. and Hwang, JK.: Biological
function and production technology of chitin and chitosan
(in Korean). Food Science and Industry, 30, 44-52 (1997)

4. Ahn, S.J.: The effect of salt and food preservative on
the growth of lactic acid bacteria isolated from Kimchi
(in Korean). Korean J. Dietary Culture, 4, 71-77 (1994)

5. Korean society of food science and technology : Kimchi
science. 1st Symposium, p.82 (1994)



10.

11.

FIEAH 7184t Sejude] FEA

. Son, Y.M,, Kim, KO, Jeon, D.W. and Kyung, K.H.: The

effect of low molecular weight chitosan with or without
other preservatives on the characteristics of Kimchi during
fermentation (in Korean). Korean J. Food Sci. Technol,
28, 888-896 (1996)

. Kim, K.O., Moon, H.A. and Jeon, D.W.: The effect of

low molecular weight chitosans on the characteristics of
Kimchi during fermentation (in Korean). Korean J. Food
Sci. Technol,, 27, 420-427 (1995)

. Kim, K.O. and Kang, H.J.: Physicochemical properties

of chitosan produced from shrimp shell under the different
conditions and their influences on the properties of
Kakdugi during storage (in Korean). Korean J. Dietary
Culture, 9, 71-77 (1994)

. Jo, H.L.: Antimicrobial activity and food preservative

function of a low molecular weight chitosan. Ph.D Thesis,
Busan National fisheries Univ., Seoul, Korea (1989)

No, HK,, Park, LK. and Kim, S.D.: Extention of shelf-
life of Kimchi by addition of chitosan during salting (in
Korean). .J. Korean Soc. Food Nutr., 24, 932-936 (1995)
Hackman, R.H.: Studies on Chitin 1. Enzymic Degradation

12.

13.

15.

16.

17.

18.

19.

1447

of chitin and chitin esters. Austr. J. Biol. Sci,, 1, 168 (1954)
KR&: XF % P> TXTN, HRERKE, pl
(1990)

Yu, JH.: Experiments in Food Science and Enzymology,
Tamku Press, Seoul, Vol. 1, p.121 (1989)

. Hong, S.P.: Study on the chitin/chitosan oligosaccharide

production and separation technology. Korean Food
Research Institute Report, p.16 (1997)

Yu, JH.: Experiments in Food Science and Enzymology,
Tamku Press, Seoul, Vol. 1, p.731 (1989)

Zaika, L.L.: Spice and herbs; Their antimicrobial activity
and its determination. J. Food Safety, 9, 97-100 (1988)
Zar, J.H.: Biostatistic Analysis. 2nd edition, Prentice-
Hall International Edition, p.188 (1984)

Lee, J.S.: Method in enhancing shelf-life of Kimchi.
Patent 91-6614, Korea (1991)

WH FE: X F .k P oonEE -t hn, 2,
22-29 (1988)

(19983 84 79 FH<)



	TR: 
	EW: 


