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The Effect of Low Molecular Weight Chitosans
on the Characteristics of Kimchi during Fermentation
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Abstract

This study was conducted to investigate the preservative effect of low molecular weight chitosans
on kimchi(2% salt concentration) during fermentation at 20C. The pH and total acidity of control
kimchi were lower and higher, respectively than those of kimchi samples containing chitosan. Reducing
sugar content tended to be lower in control kimchi than in kimchi samples containing chitosan until
6 days of fermentation. Malic acid content was lower in control kimchi than in kimchi samples contai-
ning chitosan until 4 days of fermentation. Succinic acid content was higher in control kimchi than
in kimchi samples containing chitosan at the 2 days of fermentation. Content of lactic and acetic
acid also was higher in control kimchi than in kimchi samples containing chitosan at the 4 days of
fermentation. The number of total microorganisms and those of microorganisms of Leuconestoc genus
and Lactobacillus plantarum were higher in control kimchi than in kimchi samples containing chitosan.
The number of microorganisms of Leuconostoc genus was lower in kimchi samples containing chitosan
with the lower molecular weight chitosan than those with the higher molecular weight chitosan. Inten-
sity of sensory sour taste and staled flavor were higher in control kimchi than in kimchi samples
containing chitosan. There was not much difference in sensory firmness among kimchi samples, but
control kimchi was evaluated slightly weaker than kimchi samples containing chitosan. Off-flavor was

evaluated as weak in all the kimchi samples.
Key words: kimchi, chitosan, microorganisms

}_;\}_(6)' tﬂ.\:l Xﬂ(?.m
],(m 12) co] 717<]_,]
BaEglel et 191r
el glolA EAl7L

s L

Corresponding author:
Foods and Nutrition, Ewha Womans University, Seodae-
mungu, Seoul 120-750, Korea

Kwang Ok Kim, Department of

420

& A7t AFHeR 27HY

= T

A Z2572) cuticle & 5ol
41&;;}—5}04 Azxg Aoz

bl 54l

= o ‘%

i];L y‘,})‘] _-.E]
v g8 4Ag o 5 54 F9
shtoloph g L5 91 6614“"’4]*{ chitosan<£-<4
g 7Ad HAUE W A SHEE o= Y= o

=

]
AT
|

L
|
=

AA71a B8] golE TR fAAEks shelek
7 SWe ¥ chitosand A7l Brbstd e o

5ol BE VIS ek AP R B
2t on] M= HEaleke] 2 chitosanol wE #A}
2Fo} 10,000~40,000¢! chitosan®] el Aty F

2slodr), creli}l &8} chitosand thE £ B
Z4 glo] BrEo g 7lald H7}El = B aE vl
glowm, HEal chitosan®] F-Ajekel @B 1x9 BE
ol that oA-rE 3=l ub glch gk B2} chito-
sand H7pgh 713 9) ol&std EAja} wigEsHA 54
ul s EAS 2gHog Al o 3teld L



chitosano] #l &7 X 9] EEAo) v]AE <3 421
Ak 2d5 Arlekdch ol 9¢] Fx+ Mohr®e] wWhi&
AT e EAEFe] ofE 4559 H¥E A} chito- AHg-sted ZAdsbeich ®3F A%} chitosan ¥ 7}r-(0] 5}

sang ohE H M BR2A gle] wiEe R 4gg A
A% o zujsy FdE Hrbska] ek wiF e
L ajzelel] Hrhste] 1A o] BE el nlH deg
EAel7) fjste] =14 o] & chitosang #H/kgF AR wl
FHA L) HE Foll dofrhs deirbA| o) hatA] B4
I e wEbahe dolEski, thgoR ARt
chitosan& 7} o F wiFz e WA F #5H 5

o 1M
g zAbsheln.

e o Y

S

 Age AR wFEE 1994l AakE Al
28] A A oA Ao A A= Felo] A% RS
Ttk A BAV)TE Fol olsstd S42 A
5 AHEEte] zAlERR vhSo R wheH 54
o] 2w e A)83le] Hrlsledch 42e 99% A
(-7*"@1*} )& A3, chitosand s kel A
A8 ZA(Chionoecetes opilio)2] oFe] ZHAS A}&3}od
AzA Aol AHgH Wl E£F2 &A chitosanol]
W& Yeie Table 15} 2o Yo} e ARE E&
71 42 2 chitosan A, B, C & D& A 5}¢ic} Chitosan?]
HE7) 200cps o uwf Ex}eko] 5X10° HEE FHE
Ha®a B o B Algle|x 3% chitosanEe] A}
e a7 d e} A ol chitosan Ae 9 6,000~
7,500, chitosan B <F 10,000, chitosan C= <F 20,000~
25000 28] chitosan D+ <F 40,000~50,0000] 2}
A ztEich

4

21%|1e) ®M=

APl 2E 25X5.0cm? A7) 2 Mol w3 25(300g)
9] 15ujoll a3l 8%(W/W) dEroll dof 20Tl A
2417 Al F, AXA wig A9 1Louiol sl
ZFpell 23) 73 Ao WA 3087 Brls WGt
7ol 2% 4FE 60gxt HEF dvErt 20%7) HES
AL w5339 Aol W FFA L 1.0% slEshe
238, 95 DAl MFTA 0.7% sdsie

Table 1. Viscosity” of various chitosan samples

Sample Viscosity(cps)? Viscosity(cps)”
Chitosan A 31 2.4
Chitosan B 4.0 3.9
Chitosan C 7.7 6.8
Chitosan D 14.5 11.8

DViscosity was measured by Haake viscometer(RV 20,
Germany).

*IViscosity of chitosan samples used in winter and sum-
mer chinese cabbage kimchi, respectively.

chitosan H7hrelat Aol g FAS 0.5% 3
Fehe A7 chitosang &4 Hrbsigich o)k e
Was Eeted /21871700 co)ell HaL FA7}F F 120
g He freldr|2 AAE 78 F A F4E |
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Fsle] 254 180mé 2 3] A8} of 7} x](Whatman filter
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2 e 2 9L 1mix
) YETo delFgoew, %A YA 247
Axsted sl gqt ¥ Abgsidch B9 6‘;ak_g Somo-
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A A 7}?{1— % 520 nmol| 4 EAEE 2Hsigl o]
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(mg/ml) o2 Jehfqich
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F EEQI oA S
7000g°1] # 58-7b %J_*u]%a] A7) 2 Mllhpore filter(0.45
um) 2. o #4171 g 2,248 pump, 2,141 variable wave-
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Table 2. Conditions for HPLC analysis of organic acids

Column Aminex HPX-87H(300 mmXx7.8
mm, Biorad, Richmond, CA, US.A)

Mobile phase 0.009N H;SO;

Flow rate 0.7 mj/min

Detector UV detector{at 220 nm)

Column temperature 35C
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SAAMZ2rtE 29 F(HPLC, LKB, Sweden)& )43}
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Fig. 1. Change in pH of various winter chinese cabbage
kimchi samples during fermentation at 20°C

CO: Control Kimchi sample containing no chitosan, CH-
A, B, C and D: Kimchi samples containing 0.5% chitosan
A, B, C and D.
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Fig. 2. Change in total acid content of various winter
chinese cabbage kimchi samples during fermentation
at 20°C

See Fig. 1 for abbreviation.
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Fig. 3. Change in reducing sugar content of various
winter chinese cabbage kimchi samples during fermen-
tation at 20°C

See Fig. 1 for abbreviation.

m—m; CO, +—+; CH-A, x—x; CH-B, 0—0; CH-C,
x—x; CH-D
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Table 3. Organic acids content” of various winter chi-
nese cabbage kimchi samples during fermentation at

20°C unit: mg/m/
Kinds of Malic Succinic  Lactic Acetic Propionic
Kimchi®  acid acid acid  acid acid
CO-0 1.003¢dfe 1.121¢ - - -
CH-A-0 2.306® 0.833¢ - — -
CH-B-0 2.366* 0.911%¢ - - -
CH-C-0  1.833de (861 — - —
CH-D-0 1953 1.043% - - -
CO-2 1.143bedle 1708  0.168¢ - -
CH-A-2  2.145%c 0375  0.032¢ - —
CH-B-2  2.023* 0.376™ — - -
CH-C-2 2314® 0.376>*  0.150¢ - -
CH-D-2 1.9372« 0.368>  0.030¢ — -
CO-4 0.351% 0.545%  2.437%¢ (.560% -
CH-A-4 1459’ (0,749 1356 (.186% -
CH-B-4 1.281#xdfe  (505%c 13084 ().114% -
CH-C-4 1.066"k (705%c 15880 ().2120cde —
CH-D4 14062 (5992 1690 0,110% —
CO-6 0.329f 0.628% 4087* 0.760°  0.530°
CH-A-6 0.306' 0.713% 3126 0.751°  0.096®
CH-B-6 0.748% 0.767* 3.922* 0.662* 0.036"
CH-C-6 0.089¢ 0.371% 2919 (.637% —
CH-D-6 0.659¢% 0.610%  3.604™ 0.702*  0.190®
CO-8 0.118¢ 0.456% 3583 0.493*¢ 0.421®
CH-A-8  0.200f 0.541%  2.896** (0.707° -
CH-B-8 0.041¢ 0.455%¢  3952: (.6172¢ -
CH-C-8 — 0.392%  3.648% 0.621%¢ -
CH-D-8 — 0.245¢ 4.006° 0.5987%¢ —

PMeans of 3 replications. Means not followed by the same
letter in the same column differ significantly from one
another(p<0.05).

YNumbers are the days of fermentation.

CO: Control Kimchi sample containing no chitosan, CH-
A, B, C and D: Kimchi samples containing 0.5% chitosan
A, B, C and D.
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Fig. 4. Change in number of total microorganism in
various winter chinese cabbage kimchi samples during
fermentation at 20°C

See Fig. 1 for abbreviation.
u—m; CO, +—+; CH-A, x—%; CH-B, >—1; CH-C,
x—x; CH-D

AR, FEFEY T Hobs] A REAPE
HE dAA7] RaEME o]F Heldsol dlxel
e F457F Aoty stedck B A dde 3
wAde] 2 A&} chitosan®] H7ER Qlsle] AFS
v 2 ofy] #AS] Aol AAEHA] wFolef A
AR

Leuconostocs: |5 #Fig. 5)oll A= A wi7|7+e
5o e x70] chitosan H7FE¢l vl 2 57 @gio)
Chitosan 7} el 4= chitosan A%} B 7)) &
Wi 717 EoF 2 ) 7bR Hedan chitosan C# D
Hobde 1 ¥ O 28 A%E JeEde) Lacto-
bacillus plantarum(Fig. 6)& R A3 o AFole A
ATl A etz skt veix] dE |7k e
ZTell A chitosan A7FFEol vls] A3 @t
chitosan H7lwE 7ol 2 o)yt $lgde) =3 £ A
ol A AbEgH 7% olsh-g4 H7)3 Rogosa SL oA
| 2| | A= Lactobacillus plantarum®- o=} Lactobaci-
llus breviss. W Ale] 715817} wj-Eoll Lactobacillus plan-
tarum 2] A A 4= Fig 6ol A B} A4 7oz o Aksic)
ole} #re] chitosan M7l Leuconostocd v &3



chitosane] Wiz Ao} wEA v 4% 425

Log. of number/mi

0 ! L |
0 2 4 6 8

Fermentation period(day)

Fig. 5. Change in number of Leuconostoc sp. in various
winter chinese cabbage kimchi samples during fermen-
tation at 20°C

See Fig. 1 for abbreviation.

m—m; CO, +—+; CH-A, ¥—x%; CH-B, U—0; CH-C,
x—x; CH-D

Lactobacillus plantarum ) =7} el vla o -2
Az FF59 Aol dA3) chitosan el o))
| E9) FFo] JAEYSE o4 7 ok E£ chitosan
AT Ed A A F BAFQ Leuconostocs A
BHols AsFel Lactobacillus plantarume] N5
)2 A A7) A= Lactobacillus plantarum 2] B 55
A8k Zdcky B % 752} chitosan™® ¥ o=},
Lactobacillus ‘plantarum B.c}= Leuconostocss v 4 %2
AHE 1% A A7 sorbic acid9} 2 AFHERS
7350 ulaf wigkzlslela 4 7hslc). 538 chitosan C<}
D A 7}7-& chitosan A8} B & 7}tel w8l Leuconostocs-
n| B A5 e} A4 Lactobacillus planta-
rum® Y5 AAAA Pale] FAS False FA
BEAL A 5 Qe HobER & o adeletn
& £ Uk

BEN Sy

Chitosan®] H7} %%, 57 9 44712 e 157}
WA Asol el 54 AAR 2ok Table 49}
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Fig. 6. Change in number of Lactwbacillus plantarum
in various winter chinese cabbage kimchi samples du-
ring fermentation at 20°C

See Fig. 1 for abbreviation.

m—m; CO, +—+; CH-A, x—%; CH-B, O—11;, CH-C,
x—x; CH-D
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Table 4. Sensory scores” of various summer chinese
cabbage kimchi samples during fermentation at 20°C

Kinds of Fi Sour Staled Off
kimchi? 1rmness taste flavor flavor
CO-2 6.8% 4,34 3.0¢ 1.9¢
CH-A-2 7.6 1.5¢ 1.3¢ 2.0
CH-B-2 7.0% 1.4 1.4° 2 .30bed
CH-C-2 6.9 1.6° 1.5¢ 1.9
CH-D-2 6.5 1.7¢ 1.6¢ 2.32bcd
CO-4 5.9 7.3 6.8 2.2bcd
CH-A-4 6.9 2.1¢ 2.2% 2.73bd
CH-B-4 6.6% 2.2¢ 2.1% 2.4
CH-C4 6.7 2.1¢ 2.6° 3.2ib¢
CH-D-4 6.4 2.2¢ 2.14 3.0abed
CO-6 4.74 8.6 7.6" 1.8¢
CH-A-6 4.7¢ 43¢ 4.5 2 5ihed
CH-B-6 5.1¢d 4.04 4.8° 3.6%
CH-C-6 5.3 3.8d 4.1° 2.8abcd
CH-D-6 4.8 5.9 5.7 3.5

UMeans of 10 replications. Means not followed by the
same letter in the same column differ significantly from
one another(p<0.05). As the value increase from 1 to 9,
the intensity of sensory characteristics increases.
YNumbers are the days of fermentation.

See Table 3 for abbreviation.
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g ArbehAl e AR el nd Al w5
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4d Aol tfz7o| chitosan H7lrEoll visl &2 7
VbS8 v ] B g 7] el s T ARe) B
ororr}. m& propionic acid ek HFE 63 o) 3o
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3 =& AL BTk T Leuconostocs )
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chitosan H7katEof vl A2 7Adkolg] o Lactobacil-

ol k.2
3 S

Al F e E A A 27 A 35 (1995)

AL

Tus plantammﬂl 3= chitosan 7} —éld] Z Ao
Ro|x| eeir) AR FAbeE Algh 3]

Z 3] chitosan A7ltEel vl Ztelon, Ax+=
z}o] & Holz| ekgkor} o] o] oFslAl HrlE )
wgk o)l&w A AT BF G HrpEo ol FH=
chitosanol] o] Z oshg wha] ebw 7o viebych

ZAtel o

# e A ol Qo) ool Faln ez
ofoll ZHAFESILIT),

e

Ho

1owlefel, Hest: 7l kel v 3] 22 9 Agsr
olgk ghaAlEmbabs|z), 16, 443 (1984)

2. 0133, AT A AT 712 Bxed Azl gk AT
%ﬂ&}s‘ﬂﬂ, 10, 33 (1968)

3w eek A4 #U3%, &=87 :Retort pouch?) A9
A =4 J} e de] B3 o P AENEI A,
15, 414 (1983)

4. ozl AT HWxe] gkalway LeEgAe] &
Ak byl A &k gEpshabs| A, 24, 213
(1981)

5. ohudxl, " 71xe] ehabdaby 227 A9 &
7habg 7ol A MAAe vl Ak aF
318}3)%], 25, 197 (1982)

6. x4, J9A, HEY S, 55, 23S A1 HAA
od 22~ 28 gammail F b A& ekl A, 21, 109
(1989)

oo

=1

ok5:2k: Sorbic acid7b x| RE 9} ascorbic acid®] <k
Hioll ] x|= odsk gharzejIlebs] 7], 1, 18 (1985)
8. otk gl xlol 4] Fejgt Fabge] ARl vAE A
dab A3 BmEgel ok ghhxulatstsial, 4, 39
(1988)

9. -l 7 FAdel vl pH A AL g &
odekrlzket s 2], 14, 259 (1985)

100 749", e, A4FE, Alale) s Al Ay s
918y ofFahEe] sl garal T*"}'Zﬂ«d 2}, 23, 188
(1991)

11, whzd =}, $-<==} : Na-acetate % Na- mdldte—‘?P K-sorbate
AN R E I = pH ass u] /\].n]q vl 2= gap &
A akehE) =], 20, 40 (1988)

12, 180 &4, oA AR e A3 S
S 9lgh 4=7b dxe] W Faked AHvlel wWaRR sl

L‘L slaksl#), 34, 225 (1991)

13. Kendrd, D.F. and Hadwiger, L.A.: Characterization of
the smallest chitosan oligomer that is maximally anti-
fungal to Fusarium solani and elicits pisatin formation
in Piswm sativum. Exp. Mycol., 8. 276 (1984)

T4 PNHL B KBRS - X F R AR THRIBER. T,
9 (1988)

15, of w4 W xe] mEv)7h Axbiy. g5, 91-6614
(1991)

16, 7309 28 g exdo] thit A% chitosand)
LT R U Lo =V B U] 2} 3= o3&k
gl 2] R 8- 5} 5} 3] '4. 9, 71 (1994)



17.

18.

19.

20.

21.

22.

24.

. Pederson, C.S. and Albury,

chitosano] W37 2 9] HEAe| v <38

Z3tel : &3} chitosan®] A 3 AR REE T
B AT AL RS NFBAD AR EE
(1989)

R R xFL, FEYLO BIE XL, ¥
@, T AL p71 (1990)

DS, A3 A B W oMol o S
Aol WA 7|7 F SEAE A E 53R, 26,
324 (1994)

AO.AC.: Official methods of analysis. 11th ed., Asso-
ciation of Official Analytical Chemists, Washington, D.
C., p.561 (1970)

Nelson, N.: A photometric adaptation of the Somogyi
method for the determination of glucose. J Biol.
Chem., 153, 375 (1944)

Marsili, R.T., Ostapenko, H. Simmons, RE. and
Green, D.E.: High performance liquid chromatogra-
phic determination of organic acids in dairy products.
J Food Sci, 46, 52 (1981)

b

M.H.: New York State
Agr. Exp. Station, Geneva, Cornell Univ. Bulletin No.
824 (1961)

Mayeux, J.V. and Colmer, AR.: Selective medium for

25.

26.

27.

28.

29.

30.

31

427

Leuconostoc detection. J. Bacteriol, 81, 1009 (1961)
Mundt, J.O. and Hammer, J.L.: Suppression of Leuco-
nostoc mesenteroids during isolation of Lactobacilli,
Appl. Microbiol, 14, 1044 (1966)

Mundt, J.O. and Hammer, J.L.: Lactobacilli on plants.
Appl. Microbiol, 16, 1326 (1968)

Zar, J.H.: Biostatistic analysis. 2nd ed., International
Edition, Prentice-Hall, Englewood, Cliffs, N.J., p.188
(1984)

s, 399, Zedx), \#03%—- 21z wdE frelwe
t*‘ﬁ} ‘U.L %-‘1“5}3?] , 633 (1989)

1, ols 5 A2 ﬂ”“é F714k 2} o] AkshetAell
HL g2l 5 71ehE 7], 8, 90 (1976)

uu% o5 HH LR WE 7] WAUY &
Pabell e AP EAEREA, T, 74 (1975)
Frazier, W.C. and Westhoff, D.C.: Food Microbiology.
MecGraw-Hill Book Co. N.Y. p.369 (1978)

Solp & 4 o3 2 ax}ﬂ ihm FEE
VA o e %ﬂr?ihﬂxl , 331 (1989)

r°‘ OrN

By
o4

~

2

(1995 4% 1902‘ %)



