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Quality Characteristics of Mul-kimchi Prepared Using Eastern Deep Seawater
Added with Chitosan-Ascorbate
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Dept. of Food Science and Technology, Catholic University of Daegu, Gyeongsan 712-702, Korea

Abstract

Quality characteristics of mul-kimchi prepared using eastern deep seawater added with 0.1% chitosan-
ascorbate (CA) were investigated during fermentation for 12 days at 10°C, in an effort to effectively utilize
the eastern deep seawater in Korea. Four water sources were considered for preparation of mul-kimchi; (1)
distilled water added with 1% mineral salt (DW), (2) eastern deep seawater (containing 6% salt) diluted to
1% salt concentration with distilled water (ED), (3) DW+CA (DW-~CA), and (4) ED+CA (ED-CA). Juice
of mul-kimchi prepared with ED-CA as a water source showed higher pH and antioxidant activity, and lower
acidity, total microbe numbers, turbidity and alcohol insoluble substance compared with those prepared with
other three water sources. The former also showed higher overall acceptability compared with the latter. This
study demonstrated the possibility of use of eastern deep seawater added with chitosan-ascorbate as a water

source for extension of shelf-life of mul-kimchi.
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Al e A% 6% 584 85 (Dairin-Korea Co. Ltd,,
Korea)& AH&-3lgl o, o
pestris var. pekinensis cv. Galacsin No. 1), 5, W3}, vl&,
A7}, 3% 2 mineral salt(Daehan Salt Co., Ltd., Korea)
= (FEEA A A Zukett). Chitosan—ascorbate(CA) &=
5%9] ascorbic acid €9 1 Le)| chitosan(746 kDa, Kitto
Life, Korea)2 50 g ¥ &2 o] T4 Ax3 228 24

shgiet.

FAEE ¥ 3=(Brassica cam-

=4R| M=

EZ A& Table 18] Al g2z A zstgdc)h w4
X4 cm 7|2 B3, F= FA 3 mm, 4X4 cmé) A7) 2
oy FA12) 7%5 A 2aE A Fe 25°Cell A 24 7L Et
Al F4°CY A LA A 147 et B2 & A A 5ho] A&
vt B S A E e EHiﬂrs’Jr A 4~5 mmFA
AEH7E I o, AT vbEd TE0] HeAe AS
W=E7] H35te] | mmTAIR oF A el Eelnh Bx] A9
GE2 15 LEo] fejHel 3 w3 o ggate] 10°CeA
1247 A Ak 27 A4S &7 S48 S/
(DW), 5314l sl 5=(ED), 0.1% CAZ-F £F/(DW-CA) ¥
0.1% CAZH- -8l Al sl = (ED-CA) 4%F 2 vro AH-4-3}
At o) wl FF+= mineral salt2 =5 1%2 2481,
FHAAT (27 IE 6%) = THTE /I8l 455 1%=2
ZAT F Ao, R E MRS EST EXNA HF
AEE 20%9cr. Y%+E salinity refractometer(Nippon
Optical Works Co., Tokyo, Japan)® &4 &sict

pH, AT & Etx

A2 FE 20 mL-& 3 3te] pHE pH meter(720P, Istec,
Korea)2, At%+ pH 8271 2 wj7}z] 48]= 0.1 N NaOH
mL-& 738}93 lactic acid % & vebl o). B x = X325
< 33 HER ougr qde] F3% (0D at 620 nm)E

ez @ 27029 2454 1451

& Co., USA) W #], ZHAd+ 0.002% bromophenol blue &
&3} Difco™ lactobacilli MRS agar(Becton, Dickinson
& Co., USA) uljx) o} &3tate] 37°CollA] 484 7F wiof F- v}
= colonyrS Al&skgdthH(i4).

o83 zho] 24 slgdt) &, Oybean oil 100 ]lLLJr Oﬂ g
800 uLe] &3t Yol &7 % & o] 7} 100 uL, glycine-HCI
buffer(pH 3.6) 100 ul., 10 mM<] FeClz 100 uL 2 0.5%
thiobarbituric acid(TBA) 1500 uL-& 7}sled 2 &313t &
7= water bathirollA 1587 71, Wstsich ool
n-butanol 4 mL-& 7}8te} 3 £33 ¥ 3,000 rpmell A 10+
7y Al Ee]ste] A2 A de) F34%(0D at 532 nm)E
0

A st} 2T (EH)e A %R e

UTZ ESHEF
o} 52 B84 &4 (alcohol insoluble substance, AIS)2
ko 27129 AY 7] e} FER o] SA s 2
7= A eEx%] 10 goll 80% ethanol 60 mL< 7}3}<]
F4%F T 7= water bathAbell A 2087F 74 10,000 X gl
A 1052k A 22 3]'04 Q-2 AAES ghakg Fate] &4
3 &4 2 slgith FE5-3 10 mLol 80% etha-

60 mL2 7}3F —TF = water bathitell 4 20871 714,
A719} T W o2 il Eeldte] 42 A e S
£ Pty AISEEL R st

718 &AM
E72 FE 50 mL2 105°CeollA AZxA71 ¥ 33tz

(HY -4500, Hwashin Co., Daegu, Korea)& AF-&-3+o4 600°C
oA 28 A7) & 6 N HCl 5 mL¥ 43 7}slo] 2338
S AA 25 mLE ALk of-go o7 (Advantec

Table 1. Materials and water sources for preparation of mul-kimchi (g)
Materials Water source’
DW ED DW-CA ED-CA

Salted Chinese cabbage 174 174 174 174
Salted radish 100 100 100 100
Green onion 6 6 6 6
Garlic 10 10 10 10
Ginger 6 6 6 6
Red pepper 4 4 4 4
Chitosan—ascorbate - - 1 1
Distilled water (1% salinity) 1000 - 999 -
Eastern deep seawater (1% salinity) - 1000 - 999

"DW: mul-kimchi prepared using distilled water (1% salinity) as a water source, ED: mul-kimchi prepared using eastern deep
seawater (196 salinity), DW-CA: mul-kimchi prepared using distilled water (1% salinity) added with 0.1% chitosan-ascorbate,
ED-CA: mul-kimchi prepared using eastern deep seawater (195 salinity) added with 0.1% chitosan-ascorbate.
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No 6, quantitative ashless, Toyo Roshi Kaishi Ltd., Japan)
2 oj3}sle] ICP-AES(Iris Intrepid O XSP, Thermo Ele-
mental, USA)Z #4 s} ).

BAK

A w] FZ 2] (mid 1ib)#] & 23 = Rheometer(Com-
pac-100, Sun Scientific Co. Ltd., Japan)& ©] &3} hard-
ness, springiness, cohesiveness ¥ chewiness& &4 814
t} &3 F71-2 test type, mastication; adaptor type, circle;
adaptor area, 0.20 cm? sample height, 3.0 mm; sample
depth, 20 mrn; sample moves, 1 mm; table speed, 60 mm/
min; load cell, 2 kg2 i)
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AR A A2 B A wiFE2 2 (mid lib)& 1X1 cm
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Table 2. pH and acidity of mul-kimchi juice prepared using distilled water or eastern deep seawater added without and

with chitosan-ascorbate during fermentation at 10°C

Fermentation days

1)
Measurements Water source 0 4 8 12
DW 5.36+0.05*" 3.43%0.13% 3.37£0.04" 3.18+0.08°
oH ED 5.340.07%* 3.62%0.12 3.43+0.08" 3.20+0.06°
DW-CA 5.35+0.04% 4.42+0.068 4.02%0.06°F 3.86+0.08%®
ED-CA 5.341+0.06°* 4.90+0.09%* 4.32+0.07%" 418+0.074
DW 0.03£0.00® 0.38+0.06"* 0.63%0.07°* 0.74%0.06**
Acidity (%) ED 0.03+0.00% 0.29+ 005" 052+0.06™ 0.66+0.07**
DW-CA 0.04%+0.00° 0.21£0.04%% 0.37+0,06™ 0.45+0.048
ED-CA 0.04+0.00° 0.17+0.05% 0.25%0.05% 0.39+0,05°®

YRefer to Table 1 for abbreviations.

?Values are means * standard deviations of triplicate determinations. Means with different superscripts within a row (a~d) and

a column (A~D) indicate significant difference (p<0.05).
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Fig. 1. Antioxidant activity of mul-kimchi juice prepared
using distilled water or eastern deep seawater added with-
out and with chitosan-ascorbate after fermentation for 12
days at 10°C.

Values are means* standard deviations of triplicate determina-
tions. Means with different superscripts indicate significant dif-
ference (p<0.05). Refer to Table 1 for abbreviations.

Table 3. Numbers of total microbe and lactic acid bacteria in mul-kimchi juice prepared using distilled water or eastern
deep seawater added without and with chitosan-ascorbate during fermentation at 10°C

Fermentation days

M t 1
easurements Water source 0 4 8 12
DW 5.12+0.06%% 6.62+0.07" 6.85+0.09% 6.49+0.08""
Total microbe ED 56410114 7.33+0.09** 7.46+0.08™ 6.97+0.07™
(T; log CFU/mL) DW-CA 2.88+0.040 3.7410.05" 5.98+0.06™ 6.070.07
ED-CA 3.48+0.04 4.25+0.05 6.02+0.08% 6.09+0.08%
DW 4.67+0.05% 6.55+0.098 6.79+0.07% 6.321+0.06
Lactic acid bacteria ED 5.31+0.06" 7.25+0.07°* 7.40%+0.09° 6.86+0.08
(L; log CFU/mL) DW-CA 2.66+0.047 3.66+0.05" 5.94+0.06" 6.03%0.08"
ED-CA 3.27+0.04% 4.18%0.05" 5.99+0.07° 6.07£0.06°
DW 35.46 84.67 87.56 67.48
o ED 47.13 86.09 86.92 76.89
L/T 8) DW-CA 60.45 83.01 90.73 92.63
ED-CA 62.57 84.65 92.36 95.60

"Refer to Table 1 for abhreviations.

PValues are means T standard deviations of triplicate determinations. Means with different superscripts within a row (a~d) and

a column (A~D) indicate significant difference (p<0.05).
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Fig. 2. Changes in turbidity of mul-kimchi juice prepared
using distilled water or eastern deep seawater added with-
out and with chitosan-ascorbate during fermentation at 10°C.
Values are means* standard deviations of triplicate determina-
tions. Means with different superscripts indicate significant dif-
ference (p<0.05). Refer to Table 1 for abbreviations.
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Table 4. Alcohol insoluble substance content of mul-kimchi prepared using distilled water or eastern deep seawater added

without and with chitosan-ascorbate during fermentation at 10°C

(g/100 mL or 100 g)

Fermentation days

P Tt 1
arts Water source 0 1 3 12

DW 1.81 £0.03%? 2.82+0.07°4 2.98+0.07 3.36T0.07°4

Juice ED 1.83+0.05® 2.69+0.04°® 2.71+0.04™® 2.8910.068
DW-CA 250+ 0.04163 2.64i0.03b§ 263+ 0.05: 2.81 io.o42§
ED-CA 2.43%0.07 2.60%0.05° 2.3240.05 2.42+0.06
DW 6.40+0.13** 529+0.11% 4.16%0.28% 3.52+0.24%

Tissue ED 6.38+0.10* 5.53+0.12% 491+0.27 4551023
DW-CA 6.45+0.11** 6.59+0.12°% 5.78+0.15" 5.15+0.25®
ED-CA 6.4410.09°* 6.860.14** 6.40*0.16™ 6.1010.24%

Refer to Table 1 for abbreviations.

2V alues are means *standard deviations of triplicate determinations. Means with different superscrlpts within a row (a~d) and

a column (A~D) indicate significant difference (p<0.05).
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Table 5. Mineral content of mul-kimchi juice prepared using distilled water or eastern deep seawater added without
and with chitosan-ascorbate after fermentation for 12 days at 10°C

(mg%)

Water source

1)

Minerals DW ED DW-CA ED-CA
Na 219.60+7.35% 211.85+8.10° 221.65+6.90° 219.55+9.40°
K 71.05+2.25° 78.05+1.50° 76.0510.40° 87.45+3.65"
Ca 3.2610.19° ATT+0.07° 367007 4854003
Mg 2.29+0.17° 9.12+0.21° 2.40+0.16" 9.14+0.19°
Fe 0.10£0.01° 0.19+001° 0.10+0.01° 0.17+0.01°
Mn 0.03£0.01* 0.03+0.01° 0.02+0.01° 0.02+0.01°
Cu 0.01:£0.00° 0.01 £0.00° 0.01 £0.00° 0.01+0.00°
Zn 0.05+0.01° 0.0840.01° 0.04+0.01° 0.08+0.01°

YRefer to Table 1 for abbreviations.
Values are means*standard deviations of triplicate determinations. Means with different superscripts within a row indicate

significant difference (p<0.05).

Table 6. Texture of Chinese cabbage in mul-kimchi prepared using distilled water or eastern deep seawater added without
and with chitosan-ascorbate after fermentation for 12 days at 10°C

1)
Water source

Attri

ributes DW ED DW-CA ED-CA
Hardness (X10™ dyne/cm?) 11.94+063% 30.97£1.71° 36.45+179° 94.40+4.02°
Chewiness (g) 13.60+0.76" 3653+ 1.68° 57.28+3.03" 101.55+9.35%
Cohesiveness (%) 61.82+3.74% 59.71+3.26 58.94+317° 58.23+356°
Springiness (%) 64.13%£3.02° 74,49+ 3522 75.68+3.18* 72.06 £3.41°

URefer to Table 1 for abbreviations.
DValues are means*standard deviations of triplicate determinations. Means with different superscripts within a row indicate

significant difference (p<0.05).
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Fig. 3. Scanning electron microscopic photographs of Chinese cabbage vascular bundle tissue (cross section) in mul-kimchi
prepared using distilled water or eastern deep seawater added without and with chitosan-ascorbate after fermentation for

12 days at 10°C (X200).
Refer to Table 1 for abbreviations.

Table 7. Sensory evaluation of mul-kimchi juice prepared using distilled water or eastern deep seawater added without
and with chitosan-ascorbate after fermentation for 12 days at 10°C

1)
Water source

Attributes

DW ED DW-CA ED-CA
Sour taste 76220582 6.12+0.41° 5.81+0.58™ 5.14£0.40°
Astringent taste 1.22+0.26° 1.24+0.24° 1.35+0.31° 1.32£0.27°
Refreshing taste 4.12+0.36" 4.21+025° 4.40+027° 552+0.32°
Overall acceptability 5.24+0.27° 560+0.47° 6.02+0.55% 6.67+0.56"

YRefer to Table 1 for abbreviations.

Sensory scores of all attributes were evaluated from none at all (1 point) or dislike extremely (1 point) to very strong (9 points)
or like very much (9 points). Values are means*standard deviations of 50 panelists. Means with different superscripts within

a row indicate significant difference (p<0.05).
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