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Abstract
Cabbage (Baechu) Kimchi in its truncated form was placed in four different packing materials, Ny/PE/LLDP, OPP/AL/PE, PP and PET,

and quality changes were observed during storage. Changes in pH and total acidity showed an x-shaped cross-curve as pH decreased and
total acidity increased during storage, PP tray showed the slowest change at 5C with time, The pH was initially 6.25, but decreased to 4.12
~4.16 at 20 days, and total acidity showed a 4 to 4.8-fold increase after 20 days of storage compared to the initial value, During storage
at 5°C, total bacterial count and lactic acid bacterial count rapidly increased after 4 days. The total bacterial quantity decreased after a period
of time and there were differences according to packaging material, OPP/AL/PE packaging showed the most dramatic decrease. Change in
microbial count mostly followed a similar pattern to that of total acidity for all packaging materials, Changes in the color of Kimchi liquid,
when examined by color index in L - b/a form, rapidly decreased over time, similar to pH. Small Ny/PE/PP and OPP/AL/PE packages of
Kimchi were examined for changes in free volume inside the packaging. After 13 days of storage at 5°C, the volume was 243 mL, but storage
at 20C resulted in a volume of 372 mL, a more than 1.5-fold increase in free volume. There were changes in the quality characteristics of
small package Kimchi according to storage temperature and packaging material, and large changes in pH, total acidity, and microbial count
were evident upon storage at 5C for 8 days, which was the optimum palatability period. Mostly, PP treatment showed the slowest quality
changes upon storage at 5°C. However, due to small package Kimchi's fast consumption system, the appropriate choice of packaging material
must consider the product's turnover ratio, Further, the varieties of small package Kimchi should be diversified according to different
consumer preferences by offering Kimchi with different maturity levels, Further, since the leading consumer base ranges in age from the

teens to thirties, the development of various products targeting such consumers is necessary,
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Table 1, Formula of small packaging Kimchi

TN HERT M2 AEF X0 SN 65

Table 2, Characteristics of various packaging material

Ingredient Ratio Component (%)
Salted cabbage 61.6
Radish 20.0
Dried red pepper powder 40
Garlic 29
Paste of glutinous rice 23
Salted anchovy 20
Salted shrimp 1.6
Leaf mustard 14
Pear 14
Sugar 1.1
Shallot 0.7
Extract of kelp 03
Onion 0.3
Ginger 0.1
powdered taffies 0.1
Red pepper 0.1
Salt 0.1
Total 100
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Package

) Size Appearance
material

thickness 50 um

Ny/PE/LLDP fil
Y/PE/ M idth 16 x length 10 cm

thickness 95 um

OPP/AL/PE fil
/AL/PE film width 115 x length 13 cm

volume 250 mL

PP tray width 10.5 x length 6 x
hight 4.5 cm
volume 120 mL
PET vessel

diameter 7 x high 4 cm
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Fig. 1. Changes in pH and titratable acidity of Kimchi products by
different packaging material during the storage at 5°C for 20 days
A; Ny/PE/LLDP film, B; OPP/AL/PE film, C; PP tray, D; PET vessel
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Fig. 2. Changes in pH and titratable acidity of Kimchi products by
different packaging material during the storage at 20°C for 13 days
A; Ny/PE/LLDP film, B; OPP/AL/PE film, C; PP tray, D; PET vessel
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Fig. 3. Changes in total aerobic bacteria (A) and lactic acid
bacteria (B) of Kimchi products by different packaging material
during the storage at 5°C for 20 days

®-o; Ny/PE/LLDP film, 0-0O; OPP/AL/PE film, ¥-V¥; PP tray, V-V; PET
vessel
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Fig. 4. Changes in total aerobic bacteria (A) and lactic acid bacteria
(B) of Kimchi products by different packaging material during the
storage at 20°C for 13 days

®-o; Ny/PE/LLDP film, 0-0O; OPP/AL/PE film, ¥-¥; PP tray, V-V; PET
vessel

Korean J. Food Cookery Sci, Vol 27, No. 1(2011)



68 s - otx|of - My

=

Table 3. Changes in Hunter color of packaged kimchi during storage at 5°C

Sample
Color Storage days F-value”
Ny/PE/PP OPP/AL/PE PP PET
0 14.27+0.23 14.27+0.23 14.27+0.23 14.27+0.23 -
1 16.70:£0,77a” 15.03+0.22b 16.14£0.40a 14.97+0.13b 10.660"
2 14.77+0.38b 9.71£0.59¢ 19.88%0.13a 20.55+0.35a 485.376*
4 18.59+0.24b 19.60£0.06a 16.15%0.10c 15.01+0.52d 161.049*
5 15.41£0.19¢ 18.75£0.19b 19.69£0.31a 19.29+0.31a 151.943*
L 7 17.25£0.65b 19.94+0.25a 19.51+0.31a 17.36+0.31b 35,043
8 19.97£0.10b 15.07+0.06d 17.52+0.64c 2532%0.20a 492 873"
1 19.03£0.08a 13.73£0.10c 17.13£0.29b 17.100.09b 540.986*
12 14.9910.04d 18.23%0.09b 18,51£0.18a 17.08%0.11¢ 542.115*
13 12.12%0.05¢ 8.63%0.06d 13.86%0.04b 15.40+0.03a 12388.648*
20 15.90+0.02¢ 21.54%0.03a 15.28+0.07d 16.59%0.04b 11569.405*
0 052017 0.52£0.17 0.52%+0.17 0.52%£0.17 -
1 431%0,52a 3.10+0.25b 2.48%0.20c 3.13+0.08b 18.411*
2 1.18+0.09b 8.75£0.27a 1.37£0.15b 0.66+0.11c 1515.871*
4 3.15%0.31c 4.55%0.18a 3.87£0.21b 492%0.48 17.980*
5 4.86%0.18a 3.93+0.32b 434+0.26b 3.83£0.27b 9.476*
a 7 5.6410.37a 3.3310.18¢c 3.56£0.19¢ 4.47%0.15b 58.662*
8 410%0.01b 6.2910.00a 3.89+0.45b 0.93%0.02c 286.042¢
11 411%0.18b 5.62+0.09a 4.11%0.23b 5.35%0.15a 67.337*
12 6.40£0.10a 4.79£0.27b 4.81%0,15b 6.38+0.02a 94 387+
13 8.58£0.15b 12.47+0.15a 7.23%0.28¢ 6.16+0.12d 660.496*
20 7.07%0.08a 5.47%+0.07¢c 5.04+0.14d 6.09+0.09b 234 917*
0 19.79£0.63 19.79£0.63 19.79£0.63 19.79%0.63 -
1 23.324+0.53a 21.38%0.47b 21.83£0.13b 21.27+0.17b 19.733*
2 41.90+0.21a 15.64£0,96¢ 22.45+0.45b 21.99+0.12b 1300.461*
4 24.75%0.49b 27.40%0.27a 23 47+0.27¢ 22.60£0,54d 77.128¢
5 23.111+0.43¢ 25.31%0,28b 26.48+0.40a 27.09£0.45a 58.426*
b 7 25.61£0.44bc 20.37+0.42a 25.86+0.20ab 25.17%0.09¢ 7.180*
8 27.20%0.20a 22.99%0.15¢ 24.71£0.69b 17.95£0.09d 333.892*
11 26.45+0.13a 21,0940.20d 24.06£0.87¢ 25.24+0.37b 66.669*
12 23.00£0.20b 20.37+0.27a 26.66+0.46a 25.69£0.30b 80.539*
13 19.16£0.15¢ 14.59+0.14d 21,20%0,08b 2321£0.14d 2304,512*
20 24.09%0.23¢ 30.601+0.30a 22.67+0.41d 24.93+0.16b 439.008*

1) Significance as determined by ANOVA test according to packaging materials(p<0.001)

2) Different letters within a row indicate significant difference by Duncan's range test at p{0.05, n=3
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Table 4, Changes in Hunter color of packaged kimchi during storage at 20°C

Sample
Color Storage days F-value”
Ny/PE/PP OPP/AL/PE PP PET

0 14.27+0.23 14.27+0.23 14.27+0.23 14274023 -
1 24.80%0.64a” 18.64%0.09¢ 18180 44c 19.67£0.37b 150.299*
2 22.18+0.16d 22.4140.05¢ 23.30%0.05b 24.25%0.06a 312.793*
4 20.43+0.05a 20.06£0.02a 18.69+0.45b 18.8410.32b 28,812+
5 20.68+0.15a 20.31£0.09a 19.20%0.39b 19.39%0.14b 30.505%

' 7 19.30£0.19a 15.99£0.11c 17.960.16b 17.93+0.24b 170 415+
8 16.81£0,05b 18.59+0.23a 16.39£0.13¢ 14,81+0.12d 337.736™
11 16.16+0.11b 19.38+0.10a 16.24£0.19b 19.53+0,02a 755.471%
12 18.07+0.07b 15.50+0.17¢ 14.97+0.19d 19.97+0,04a 903.576**
13 18.95+0.03a 8.32%0.02¢ 6.59%0.03d 12.91£0.05b 67698.759*
0 0.5240.17 0524017 0.52%0.17 0.5240.17 -
1 4.35%0.07¢ 5.14%0.14a 4.93%0.13a 4.35%0.24b 256,748
2 310£0.23 3514007 2.96%0.05 3102004 1.056*
4 3.90£0.02b 438%0.11a 3.49+0.40b 3.90£0.26b 7567+
5 324+0.15ab 34940052 2.8240.42b 324+0.12ab 4527

‘ 7 3314019 6.77%0.04 4811013 331+1.96 11.529
8 72310052 431%0.16¢ 5.23+0.15b 72310242 240,320
11 447+011a 527+0.21a 3.8350.3% 447+0.11b 31.407*
12 4.01%0.07¢ 6.96%0.25a 5.02+0,38b 4.01%0.19¢ 80.590%
13 857+0.03d 12.75+0.14a 11.78+0.28b 8.57+0.06¢ 3569.716*
0 19.79£0.63 19.79£0.63 19.79£0.63 19.79+0.63 -
1 21,61£0.74¢ 26,55%0.62a 2535+0.33b 26.93+031a 62.530%
2 26.99%0.33a 26,70%0.18a 25.0410.29b 25.60+0.38b 27.451%
4 275320052 27.6620.05a 25.7610.45b 25.65+0.31b 46,470
5 26.23+0.18 26.59%0.21 2473%0.21 26.80£0.51 28.817

: 7 26.06£0.40a 24.77+0.37b 26.10£0.21a 25.97%0.40a 9.761*
8 25.93%0.16b 26.67£0.19a 24.34+0.04c 23.05+0.40d 139,280
11 24.25+0.38¢ 28.49%0.29a 23.34+0.37d 27.79+032b 166,207
12 25.61£031b 24.00£0.25¢ 2252+0.26d 26.92+0.28 144.839*
13 26.59£0.14a 14.03£0.03¢ 10.91+0.28d 20.45+0.28b 4287 944*

1) Significance as determined by ANOVA test according to packaging materials(*p{0.05, *P{0.001)
2) Different letters within a row indicate significant difference by Duncan's range test at p{0.05, n=3
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