KOREAN J. FOOD SCI. TECHNOL.
Vol. 28, No. 5, pp. 888~896(1996)

ChitosanZ} CHE HIZER| HTI00 M2 ZxIo| MEHN
ER0] - AR - AT AT

olstedateh et Al Eodokstat, *olstoiatdistal o FA| Z ez, A Fd gt AETEY

The Effect of Low Molecular Weight Chitosan with and without Other
Preservatives on the Characteristics of Kimchi during Fermentation

Yu Mee Son, Kwang Ok Kim, Dong Won Jeon* and Kyu Hang Kyung**

Department of Foods and Nutrition, Ewha Womans University
*Depariment of Clothing and Textiles, Ewha Womans University
**Department of Food Engineering, Sejong University

Abstract

This study was conducted to investigate the preservative effects of low molecular weight chitosan with and
without other preservatives on kimchi at 10°C during 12 days of fermentation. The pH and titratable acidity of
kimchis with preservatives (PSV) were higher and lower, respectively, than those of control kimchi (CON).
The decrease in reducing sugar content was more remarkable in CON than in PSV as the fermentation proce-
eded. Contents of lactic acid and acetic acid were lower in PSV, especially in kimchi with chitosan dissolved
in acetic acid (CH-B) and in the one containing both chitosan and Na-benzoate (CHS) than those in CON.
The numbers of total viable cells, Leuconostoc sp. and Lactobacillus plantarum were higher in CON than
those in PSV. Sensory firmness and green flavor were significantly lower in CON than in CH-B and CHS.

Sourness and staled flavor of CH-B and CHS tended to be lower than those of other kimchi samples.
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Table 1. Composition of preservatives in kimchi (unit; g)
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Type of kimchi Water Salt Acetic acid  Na-benzoate Chitosan
CON (Control) 73.5 1.5 -
CH-A (CON + chitosan) 73.5 15 1.5
CH-B (CON + chitosan + 0.3% acetic acid)” 73.5 15 0.22 - 1.5
CH-B (CON + chitosan + 0.3% acetic acid)” 73.5 15 0.22 : 1.5
AA (CON + 0.3% acetic acid) 73.5 1.5 0.22 -
CHS (CON + chitosan + 0.05% Na-benzoate) 735 1.5 - 0.15 15
SB (CON + 0.05% Na-benzoate) 73.5 1.5 - 0.15 -

"Chitosan was added after being dissolved in acetic acid

“Chitosan was added separately without being dissolved in acetic acid
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Table 2. Conditions for HPLC analysis of organic
acids in kimchi

Column Aminex HPX-87H, 300 mm X 7.8 mm
(Biorad, Richmond, CA, U.S.A)

Mobile phase 0.009 N H,SO,

Flow rate 0.7 ml/min

Detector UV detector (at 220 nm)

Column temperature 35°C
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Fig. 1. Change in pH of various kimchi samples dur-
ing fermentation at 10°C See Table 1 for abbreviation
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Fig. 2. Change in titratable acidity of various kimchi
samples during fermentation at 10°C See Table 1 for ab-
breviation
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Fig. 3. Change of reducing sugar content in various
kimchi samples during fermentation at 10°C See Table 1
for abbreviation
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Table 3. Organic acids content” of various kimchi samples during fermentation at 10°C (unit: mg/m))

Type of kimchi® Citric acid Malic acid Succinic acid Lactic acid Acetic acid
CON-0 0.405 0.583" 2.789" -
CHA-0 0.381° 0.460™ 2.332™ . -
CHB-0 0.342* 0.304™* 2.010* 0.145%
CHC-0 0.269™* 0.405" 1717 0.143°
AA-0 0.343" 0.611° 0.833% - 0.162%
CHS-0 0.293" 0.412° 1994 - -
SB-0 0.328" 0.535% 1.072
CON-3 0.138™" 0.425" 2.556% - -
CHA-3 0.185%* 0.287" 1789
CHB-3 0.225% 0.386™ 1.889% 0.139°*
CHC-3 0.108" 0.304"* 1.169™ 0.146*
AA-3 0.217"f 0.427" 0.673 0.164™*
CHS-3 0.111% 0.252°% 1.056™¢ -
SB-3 0.182% 0.431° 1.027™ - -
CON-6 0.106™ 0.084°" 1.036™ 0.863%" 0.246™
CHA-6 0.041¢ 0.112°" 1.334¢ 0.768°" 0.236™%
CHB-6 0.035¢ 0.050°" 1.268" 0.855%%" 0.121*
CHC-6 0.041 0.023" 1.111% 1.096™ 0.262™%
AA-6 0.051¢ 0.188™*% 0.669 0.714"%" 0.165™*
CHS-6 0.016 0.033" 0.844 0.945"*% 0.135°*
SB-6 0.066™ 0.026" 0.942 0.455%" 0.150™*
CON-9 0.073* 0.058" 0.893™ 2417 0.557
CHA-9 0.039 0.067" 0.988™ 1.515% 0.497"
CHB-9 0.029' 0.050°" 1.529° 1.079" 0.237"*
CHC-9 0.022" 0.056° 0.845% 1.825" 0.266™*
AA9 0.039° 0.042°" 0.755 1,134t 0.285"*
CHS-9 0.030® 0.895™ 0.923°"" 0.261"*
SB-9 0.032' 0.022 0.986™ 1,506 0.295%*
CON-12 0.076% 0.031% 0.553° 2.813° 0.589"
CHA-12 0.071°% 0.636% 1.543 0.437"
CHB-12 0.056°" 1.328™ 1.793™ 0350
CHC-12 - 0.062°" 0.580° 1.708"* 0.386™
AA-12 - 0.020" 0.748% 1.509" 0.426"
CHS-12 - 0.038" 0.843 1.602 0.381"
SB-12 0.111° 0.049°¢ 0.920" 117120t 0.367"*

“Means of 3 replications; means not followed by the same letter in the same column differ significantly each other (p<0.05)
“See Table 1 for abbreviation; numbers following the type of kimchi are the fermentation peroids (days)
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Fig. 4. Change of the number of total viable cells in
various kimchi samples during fermentation at 10°C
See Table 1 for abbreviation
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Fig. 5. Change of the number of Leuconostoc sp. in
various kimchi samples during fermentation at 10°C
See Table 1 for abbreviation
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Fig. 6. Change of the number of Lactobacillus plan-
tarum in various kimchi samples during fermentation
at 10°C See Table 1 for abbreviation
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Table 4. Sensory scores” of various kimchi samples during fermentation at 10°C

Type of kimchi® Firmness Saltiness Sourness Green flavor Staled flavor Off-flavor
CON-3 8.62™*® 6.40" 332" 8.38" " 1.83"
CHA-3 11.27™ 6.33" 1.07" 12.02° 1'20( 1.57"
CHB-3 10.53% 5.58" 0.90* 11.68° 0.53 347"
CHC-3 12.57* 6.18™ 1.73" 11.30° “'67f 312
AA-3 11.00° 5.87™ 1.37° 10.18* ”'QOM 337"
CHS-3 11.68" 5.38™ 1.03" 10.20° 2'036( 1.73%
SB-3 11.80° 5.18° 1.63" 10.45* 0.87 1.10°
CON-6 6.73% 8.05" 10.82"™ 1.07 2,57 1.78*
CHA-6 8.82k% 7.4 7.857% 2774 2.98%¢ 2.58%
CHB-6 10.382 7.97" 7.35°% 5.50° 1.80% 2.45%
CHC-6 722 7.87" 1012 1.93% 2.22% 232"
AA-6 8.90°" 7.12% 7.95%% 3,139 1.93% 4.000
CHS-6 11.10™ 7.45% 7.08" 4.98* 1.68" 2.28"
SB-6 9.4 6.87" 5.80¢ 430 1.32¢ 1.82°
CON-9 8.42"k 7.88" 11.90° 1.20¢ 3.83%* 1.58"
CHA-9 8.87" 7.03" 12.02 1.28" 4.33™ 1.43"
CHB-9 6.93°% 7.12™ 10.17* 1.55% 265" 2.05"
CHC-9 7.33%%0 7.23™ 10.08™* 1.62 3.35% 2.18"
AA-9 7.43%% 7.35% 10.63 2.15% 2,78 1.93"
CHS-9 6.85% 7.12% 850 2.13% 1.90* 2.08"
SB-9 10.407% 8.22° .25 3154 1.53% 317
CON-12 453" 8.05" 12.48° 0.82 8.62° 145
CHA-12 453" 6.82" 11.30° 0.95° 5.23% 2.73*
CHB-12 6.708" 7.02% 12.03° 112 6.10° 1.12°
CHC-12 6.48%" 7.55% 10.67" 2.05% 3,08 227
AA-12 6.53%" 7.25% 1027 1.48" 3.77% 1.72*
CHS-12 7.00°" 6.03" 853! 1.67¢ 2.08* 2.52*
SB-12 7.200% 7.45™ 10.85" 137" 270 1.95"

"Means of 6 replications; means not followed by the same letter in the same column differ significantly from one another (p<
0.05); as the intensity of sensory characteristics increases, the value increases (0~15)
ISee Table 1 for abbreviation; numbers following the type of kimchi are the fermentation periods (days)



Chitosans} o} 2 ¥ E ] Hrlel o2 7 2)e] A abAd 4 895

AFFEZ N FoHal zol= gl izl
BZE7 ArVEged vlel] A et FEWE 8
& Hubr)dlE gz &2 H7bE bl f-oA
al #polrb glgiAnt, whg | kol AajgteE Z713)
ol WA 1296l dlxie] HEA Hrired o
A&+ 2o 5 vlebvh 3 HEA A el A
kg7 7k 9 Aol il ot A 9U7bA]
CH-B, AA, CHS, SBollA] W2 A& Hydon ¥E
A7} W85l 7Sl Aol Ao} vibrA] 2 CHS 4]
b 7pA U el gk SB o3 A] e}
obg. ., 02 Ko} Na-benzoate?] HE 7} & 7o
2 ko) o] H = A Wi gke] E Al A
off 9 mlefstAl vepdoh ahebd 2 Al Algd

BEA 2fgt o] 3] Fik2- A 5 qleha £t
2 %

B EA) 0] F52} chitosan®] Arpelile] 7la|e] W
Z2M ol wA]i= o338 FA}El7] ¢)sf chitosan, acetic
acid, Na-benzoate & = £ ¥.85l7{}, chitosan-
acetic acidol] £-8) A]A s 3=7) H ol H7Fshed 10°Cell 4
1247} & A 7|4 A x| S5AHEE dotrgltt
Wiy AgEHs BEA HAVTES HEduo
pHE £ ML= A ehton sheld gl
2] 7} diadEet 2a)A deojytc}. BEA Hot
FEL WA/} AGEHEA Z7lsRE lactic acid9}
acetic acid®] &rafo] o) &0l Hl &) of-$ Fokom B
ZA] W8T F B3] chitosangd Abel| £3]4Z1 CH-B
9} chitosan¥} Na-benzoateE ™83+ CHSellA] A
viebdu). 29, Leuconostocs: VA& 5, L. plan-
tarum2] <= CH-B, CHS, CH-C, AA, SB, CH-A &+
o2 Aoje) ueby] WEA HesE T, e 4
A7} Al Z%-oll+= chitosano] Atell -&f=o] o &
o) vehdg oF 4 qlgich HEA AT ES
ulE 37)7hA] vpsAR 715 0] e 548 HA4 3
= 2247l Wed FE0] o A o|glen
CHS7} CH-B$} CH-CHr} o2 Al5ta W E
b} o2 71x) 2o HA4E AvtdoR #7
& 5 Q£ 2 wtF o FofslE AT A HA
3 A ste RE3AY £5F, EPHE E HrE A
shol] gk A7} AL Aol & HAoZ Ert

ZAlR 2

£ odTE 19943 o] sfei b shan s <371 ol

ol Sy ALz ool ZHAFE =L

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

21.

DS, 1A, oA, A A g G

=

—

Mo

> s ©

7). Al Esata] A, 23, 188

A, S, AT A A AR e
2

o3

JT o EE 2
(1991)

q

.9} A2}, 243} : Na-acetate % Na-malate®} K-sorbate7}

712 WbE & pH, AH= H Abv)e] mlx)E A7 g4
Fo}ak3]#], 20, 40 (1988)

A7}
7rd A et AAgd g vae g =l
$)#], 23, 183 (1991)

LAY, s, AN A8 G EREL] At A
o]
[=]

e ZulA 7 g B4 vixe

sss)x], 23, 123 (1991)

‘ol: . ‘ﬂ'%q %‘

CAE, S, o)W, WA AT AR Hy

< 93 709 A Y E9 A 84 A2
=3}513] 7], 34, 225 (1991)

CASE, WA YA A ey, 9RE,

305 (1967)

. ¢F2:3} : Sorbic acid?} 7] 2WFA 9} ascorbic acid2] bR

ol ol odg. SR xelhekslAl, 1, 18 (1985)

qbeab: Al Eelah fakre] Aol vlA & Al

3} AN ERS) o8 arel s, 4, 39 (1988)

. 4%, 0]AlF : pH ZA 4] sodium malate buffere]

717b z3a1e) SA e vlxle Axh garedofAlebEtsl A,
17, 358 (1988)

268 A Sl v pH 24 A Ak =
oF~lekata]A], 14, 259 (1985)

Eobg, & A dAE D AR At AAEE
off wlxl= ek g4l EtetalA], 21, 331 (1989)
e, el 2141%, Tl 1729 e 1 F 9
ah Aol wEA . A EeE1A), 27, 257 (1995)
Knorr, D. : Recovery and utilization of chitin and chi-
tosan in food processing waste management. Food Tech-
nol., 45, 114 (1991)

7145, 3ot AEY A2 chitosano] viF31 2] &
P Ade] BEA vlae 3 Sl FRekEA],
27, 420 (1995)

Z gt : A 82} chitosan®] A = AFRE AT
B G AL FAbd E bk (1989)

2152 e A A2z o] e 974 chitosan?]
ge) - #epd 4w 2o)e] REAe) vAE g
Al 87 51eke] A, 9, 71 (1994)

o)xl4 : 77l wEZI7E ARk, TF5H, 916614
(1991)

Beuchat, L.R. and Golden, D.A: Antimicrobials oc-
curring naturally in foods. Food Technol., 43, 13 (1989)
Corral, L.G., Post, L.S. and Montville, T.J.: An-
timicrobial activity of sodium bicarbonate. J. Food Sci.,
53, 981 (1988)

. Parish, M.E. and Carrol, D.E.: Effects of combined an-

timicrobial agents on fermentation initiation by Sac-
charomyces cerevisiae in a model broth system. J. Food
Sci., 53, 240 (1988)

Hackman, R.H.:Studies on chitin [. Enzyme de-
gradation of chitin and chitin-ester. Aust. J. Biol., 7, 168



896

22.

23.

24.

26.

27.

28.

30.

24 F5heka)7) A 28 A A 5 5. (1996)

(1954)

TR B xFo, XY OOER. X7, X Y OW
FoeiR. T ) p.71 (1990)

A3, 718 Az BR E A7 el b w3
7z el a7t 5 54 s} @ EEs| A, 26,
324 (1994)

A.0.A.C.: Official Methods of Analysis. Association of
Official Analytical Chemists, Washington, D.C. (1970)

Clee], Weigt o ApL A A e 2E 2 AYEE

o] o3 8. a2 F345h3]7], 16, 443 (1984)

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., Sommons, R.E. and Green,
D.E.: High performance liquid chromatographic de-
termination of organic acids in dairy products. J. Food
Sei., 46, 52 (1981)

Pederson, C.S. and Albury, M.H.: The sauerkraut fer-
mentation. New York State Agr. Exp. Station. Geneva,
Cornell Univ. Bulletin No. 824 (1969)

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

Leuconostoc detection. J. Bacteriol., 81, 1009 (1961)
Mundt, J.0. and Hammer, J.L.: Suppression of Leu-
conostoc mesenteroides during isolation of Lactobacilli.

31.

3s.

36.

37.

38.

39.

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 edition, Prentice-

Hall International Edition, p.188 (1984)

A, AN, 2L A A % S Fel

EelA wa) =4 E9HE3] 7], 20, 483 (1988)

&2, oldl A A 2 BhAd el e A FEHES

&3] 2], 11, 26 (1979)

Az, 399, AR, FedE P xE Fo el
2] st b2 E 9kt a] ], 21, 633 (1989)

FA1%, ol 712} HuA vl Kol g A
Al 7 EkE) ], 9, 116 (1977)

AL, o|8g A 2w wpE AL wiHMY &
7| gboll Bk AT QA FR IR, 7,74 (1978)
A, 23, FE, HOA A A B ol &
g AZRERe el W AT FRpAetER],
22, 70 (1989)

McDonald, L.C., Fleming, H.P. and Daeschell, M.A.: A-
cidification effects on microbial populations during in-
itiation of cucumber fermentation. .J. Food Sci., 56,
1353 (1991)

o

(1996 420 159 &%)



