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Abstract

This study was conducted to investigate the effects of egg shell calcium treatments on short-term storage of cut
Kimchi cabbage. Egg shell ash powder (ESP-2) had the greatest calcium contents. Calcium solubility was greater
in citric acid than acetic acid and ascorbic acid. Cut Kimchi cabbages (3%3 cm) were treated with 0.5%, 1.0%,
and 2.0% egg shell powder (ESP-1), and egg shell ash powder (ESP-2), and 0.5% citric acid, put inside polyethylene
(PE) bags, and stored at SC for 6 weeks. Weight loss was about 99.85-99.90%, and the ratio was the lowest
upon 0.5% ESP-2 treatment (p<0.05). The reduction ratios of soluble solids were 21.3-43.4%, and decreased in
the order of 1.0% ESP-2 treatment and 0.5% ESP-1. The L* values decreased, whereas a* and b* values of Hunter
colorimetry increased in all treatments. AE values were lowest upon 0.5% ESP-2 treatment. 0.5% ESP-2 treatment
showed better quality characteristics than other treatments. Thus, egg shell calcium treatments could effectively

enhance the shelf-life of cut Kimchi cabbage.
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Fig. 1. The photos of egg shell powder (ESP-1) and egg shell ash
powder (ESP-2).

Table 1. Calcium contents of egg shell powder and egg shell ash
powder

(%)

Sample Calcium contents
Egg shell powder 26.22+3.06"
Egg shell ash powder 51.86+097"

;)Values are meantSD (n=3).
*Means followed by the same letters within the column are not significantly different
(<0.05).
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Fig. 2. The solubilities of ESP-1 and ESP-2 depending on the
organic acids concentrations.

ESP-1, egg shell powder; ESP-2, egg shell ash powder; Ct, citric acid; Ac, acetic acid;
As, ascorbic acid.
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Table 2. Changes in the physicochemical properties of cut Kimchi cabbages with egg shell calcium treatment during short-term storage
at 5C

Wecks o ESP-1 ESP-2
05% 1.0% 2% 05% 1.0% 2%

0 10000000 100.00£0.01*  10000:001™  10000:001™  100.00:001*  100.00:001*  100.00+0.01**
Weight oss (%) 2 99.86ir0.03i 99.9or0.02": 99.85i0.01bz 99.8610.01h: 99.88¢0.01"’:B 99,87r0.02‘”:3 99.8710.01“;B
4 99.69+0.02 99.78+0.01° 99.75+0.01° 99.74+0,01° 99.79+0.02° 99.80+0.01° 99.74+0.01°

6 99.63£0.01 9968:001®  9967:001®  99.64:001°  99.70:001"  99.68:001®  99.58:0.01%

0 0.09+0.01 0.09+0.01* 0.09+0.02" 000:0.02""®  0.08:001®  008:0.01%" 0.06:0.01®

Titratable acidity 2 0.13:001™ 0112001 012:002™" 010001 0112001 0.10:001™ 012001
(%) 4 0.1420,01°* 0.132001™  0.13£0.00"® 0.11:0.02% 0.132000*®  0.12:0.01" 0.10£0.01

6 0.15:0.01" 0142002 0.12:001™° 0142001 012001 0.1240.01° 0.1520.02

0 5.82+0.00" 6.11+0,01° 6.28+0.01" 6.31+0,04" 6.02+0.02"™ 5.97:0.02" 6.390.05%

’ 2 6.3810.01°” 635:003°C 6471007 6.50£0.06™ 6.26£0,03" 6.46£0,05™ 6.91:0.14™

P 4 6.35:0.06" 625:007  639:006™  626:0.11"™  626+0.12°%C 6.17:007" 6.64£0.05™

6 6.36£0.02"® 6258004 6312007 6288003 620£007"" 6.15£0.04™ 7.400.02*

0 1.87+0.06™ 2,00+0.10” 2204000 2.35£0.05" 2.18+0.08"™ 207:006  2.070.06°

Soluble solids 2 1.57£0.15™° 147£0.15™ 197023 1931031 1672015 140:007%° 1632015
(*Brix) 4 140£0.20® 1.67£031"" 203:0.15™ 1470.15® 1.6720.15" 1.40£0.17°® 1.63£0.15"®

6 1.17+0.15® 1.33+0.12"® 1.53+0.31° 133:0.06" 1.53+0.15™ 1.63+0.06™ 143+025™®

"Con, untreated; ESP-1, egg shell powder; ESP-2, egg shell ash powder.
WValues are meantSD (n=3).

¥Means followed by the same letters within the column are not significantly different (p<0.05); *“means followed by the same letters within the row are not significantly
different (p<0.05).

Table 3. Changes in the color values of cut Kimchi cabbages with egg shell calcium treatment during short-term storage at 5C

Wecks o ESP-1 ESP-2
05% 1.0% 2.0% 05% 1.0% 2.0%

0 812434748 80.8+2.0F 802+1.1%¢ 79.8+2.1¢ 80.8+1.2"% 81.6+2.1° 822438
g 2 772426 78.0+2,0"® 79.8+3.1% 79.8+2.9% 79.9+2.9* 80.0+7.3™ 77.8+1.908
4 74.9+3.3% 774£44" 79417 78.8:33"° 79.8:1.8 79.9:2.6™ 79.3:2.1™°
6 6724111 77.124.1"® 75.9+1.6™° 751177 781437 779:34™ 73.845.5%
0 -1.1203%® 0.6£0.0™* 0702 -12405" 07£0.1% 07£0.1% -11£05%
. 2 0702 07+02%* 09+02°% -0.8+03"8 08028 07+02% 09+02°%
: 4 -04£0.1" 04105 -0.8£0.1°P 074015 07:02"% -080.3" 06£0.1™
6 04£03*® 02:0.7% 0602 08£02¢ 0.7£0.1°¢ 07£02¢ 02:04%
0 92417 9.0+2.4™ 62413 67406 7.3+1.0% 6.510.5"° 8.0+0.9%
v 2 8.1:0.8™ 6.9+2.4% 7.1:14% 73+ 4% 6.8:0.3" 8.0:1.0"% 7.1:08%
4 74%09" 8.1:1.0°® 6.7:0.8"* 89:1.3 6.4+1 8" 7.0£0.7 6.1:08"
6 95+1.7% 68:1.6™ 57+1.1F 82405 6.5:0.7"° 79:0.9° 12.0£09"
2 524307 474234 3.142.0™ 42421 25423 5.846.1" 5.9+2.9"
AE 4 71447 5244748 28412 43429 25409 37420 49423"
6 15.1£11.0% 55438 48421 5.0:2.1° 41224° 48429° 100£6.7°

"Con, untreated; ESP-1, egg shell powder, ESP-2, egg shell ash powder.

3)Yalues are meantSD (n=3).

““Means followed by the same letters within the column are not significantly different (p<0.05);
different (p<0.05).

*Cmeans followed by the same letters within the row are not significantly
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Table 4. Changes in the sensory score of cut Kimchi cabbages with egg shell calcium treatment during short-term storage at 5C

o ) ESP-1 ESP-2
perty Weeks Con
05% 1.0% 2% 0.5% 10% 2%
0 5.0£0.0% 50400 50£0.0™ 50£0.0" 5,000 50+0.0™ 50+0.0"
R 2 3.6i0.9b:: 4.410.5:: 4.2¢o.4"‘1B 4.410.91"; 4.410.5:: 404077 32408"
4 2.8+0.4° 34405 3.0£1.0° 2.80.8 32404 3007 2.0£0.7®
6 12+04% 1.8:08% 12:04% 1405 18+0.8% 16+0.5% 10+0.0%
0 5.0£00% 5.0£00% 5.0£0.0" 5.0£0.0% 5.0£0.0* 5000 5.0£0.0%
Color 2 3.81r0.4b:: 4.6ir0.5: 3.81r0.4:i 4,4i0.5‘:‘B 4.0i0.0b‘;B 4.0t0.7"i 3.2ﬂ).8"‘c3
4 32+04° 3640.5 3208 34405° 2,640.5° 2.8+04° 16405
6 14405 1.6+0.5%¢ 144055 12404 24405 2,040.7 12404
0 5.0£0.0" 5,000 5.0£0.0" 5.0£0.0% 5.040.0* 5.0:00™ 5.040.0%
2 3.8+04™ 42408 38+08™ 36+1.1% 40£1.0" 34+11% 30:0.7™
Havor 4 18£08 32408 28408 24109 36405 224045 16:057
6 1609%° 1808%° 12404% 1605° 22408 12+04% 12+04®

"Con, untreated; ESP-1, egg shell powder; ESP-2, egg shell ash powder.
2)Valuezs are mean=SD (n—3)

"Means followed by the same letters within the column are not significantly different (p<0.05); *“means followed by the same letters within the row are not significantly
different (p<0.05).

Weeks

Fig. 3. The photos of cut Kimchi cabbages with egg shell calcium treatment during short-term storage at 5C.
Con, untreated; ESP-1, egg shell powder; ESP-2, egg shell ash powder.
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