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Quality Changes of Nabak Kimchi During Storage with Different Levels of Fermentation
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Abstract

To determine the effect of different fermentation level on the quality of Nabak Kimchi during storage, this study was
carried by analysing the result of physico-chemical properties, microbiological characteristics and sensory evaluation of Nabak
Kimchi stored up to 24 days. For the physico-chemical properties, pH, total acidity, reducing sugar, carbon dioxide contents,
color values were investigated while for the microbiological characteristics, total microbial counts and lactic acid bacteria were

. studied. Nabak Kimchi products were fermented at six different level of temperature and time and stored in Kimchi
refrigerator at 4°C for 24 days. As the storage period increased, the pH values of LF15, SF25 and LF25 decreased rapidly
after initial fermentation and the pH values of SF4, LF4 and SF15 increased slightly in the beginning and then decreased.
total acidity increased as storage period proceeded. the amount of reducing sugar was 4.92 mg/ml before fermentation and
increased significantly and reached its maximum values then decreased. lightness and redness of Nabak Kimchi decreased as
storage period became longer, but yellow of Nabak Kimchi increased during storage. Total microbial counts of SF25 and
LF25 reached to the highest at the 6th day and total microbial counts of LF15 reached to the highest at the 12th day and
then significantly decreased. However, total microbial counts of SF4, LF4 and SF15 continuously increased up to the 24th
day. The number of lactic acid bacteria was similar to the phase of the change of total microbial counts.
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<Table 1> Different level of fermentation temperature and
time of Nabak Kimchi

15¢
12h SF4D SF159
24h LF49 LF15» LF259

D SF4 (short period Fermentation 4°G)

: Nabak Kimchi fermented at 4'C for 1Zhours
2 SF15 (Short period Fermentation 15°C)

: Nabak Kimchi fermented at 15°C for 12hours
3 SF25 (Short period Fermentation 25°C)

< Nabak Kimchi fermented at 25°C for 12hours
9 LF4 (Long period Fermentation 4°C) -

: Nabak Kimchi fermented at 4°C for 24hours
5) LF15 (Long petiod Fermentation 15°C)

: Nabak Kimchi fermented at 15°C for 24hours
©) LF25 (Long period Fermentation 25°C)

: Nabak Kimchi fermented at 25°C for 24hours
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<Table 2> Ingredients of Nabak Kimchi

Radish
Korean cabbage

Red pepper

Green pepper

Green onion

Galic ’

Ginger

Nacl

Powdered red pepper
Water

Radish juice v 250
Red pepper juice 250
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<Fig. 1> Changes of pH in Nabak Kimchi fermented at
different level of temperature and time

D 0BF ; Before Fermentation
2) 0AF ; After Fermentation
%) Abbreviations: See Table 1.
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<Fig. 2> Changes of acidity in Nabak Kimchi fermented at
different level of temperature and time

D BF ; Before Fermentation
2) OAF . After Fermentation
3) Abbreviations: See Table 1.
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<Fig. 3> Changes of reducing sugar in Nabak Kimchi fermented
at different level of temperature and time

1) oBF . Before Fermentation
2 OAF . After Fermentation
3 Abbreviations: See Table 1.
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<Fig. 4> Changes of CO,content in Nabak Kimchi fermented
at different level of temperature and time

1 @BF . Before Fermentation
2) QAF ., After Fermentation
3 Abbreviations: See Table 1.
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<Table 3> Changes of Hunter color values? (L, a, b) in Nabak kimchi juice fermented at different combination of temperature and

time, and stored at 4°C for 25days

: . Treatments
 Color values Days SF40) SF15 s;25 - LM 1F15 IF25°
NF.5) 86.064 86.064 86.06% 86.06A 86.064 86.06A
0 85.18%B 85.629B 82.61bB 82.94PB 83.12bB 82.09B
3 83.254C 82.90°bC 82.543bcB 82.507bcB 81.70°¢ 82.08>B
, 6 82.83%0 82.90°bD 81.04C 82.7¢°B 81.05°€ 81.05
12 9 81.60° 82.27°E 80.57°D 81.63%C. 81.07%5C 80.51°0
12 80.91%F 80.443F 78.97bE 80.63?0 79.60PD 78.82bE
15 79.6126 79.475C 78.079F 79.27<E 798.18 76.88°F
18 79.512H 79.07°H 77.6046 78.07<F 77.78%E 76.66°FG
21 78.923 78.08b 77.099H 77.70bF 77.450dE 76.145C
24 78049 77.83% 76.104 78.03%F 77.65E 76.12496
NF. 10934 10932 10934 © 1093 10934 10934
"0 10.72bB 10.558 9.58B 10.89°B 10.079B 9.03B
3 10.692BC 10.22bC 8.93dDE 10.63%C 9.89<BCD 8.88dBC
6 10.6220 10.182bCD 9.55B 10.602C 9.94beBC 8.894BC
» 9 106020 10,01PDE 9.358¢ 10.50°C 9.93PEC 8.7848C
a 12 105720 9.93bEF 9,25bcBCD 10.50%€ 9.33bcEF 8.79°BC
15 10.572P 9.92bEF 9,1(°CDE 10,513 9,69bBCDE 8,724®
18 10.35% 9.80bFG 9.2598CD 102720 9.49<DE 8.849BC
21 10.26%F . 9.71b6 9.06°CDE 10.25°0 9.51bCDE 848D
24 10.215F 9,35bH 8.85C 10.20°0 9.05F 7.854%E
N.F. 6.54C 6.541 6.54! 6541 6.546 6541
0 7.985F 8.150dH 8.40bH 8.044eG 8.27b<F 8.61%C
3 8.05%F 8174 8.47abH 8.18dF 8.33bF 8.65%C
6 824 . 8.479G 8.83%C 9.25%A 8.509F 8.94bE
o 9 8.364E 8.62F 9.274F 8.354E 8.81YE 9.272D
b 12 8.55dD 8.78E 9.59E 8.5240 9.27bD 9.60°D
15 8.85%C 9.270 9.83bD 8.814C 9.27D 10.15%C
18 90398 9.70¢ 10.08°C 9.0648 9.70C 10.29°BC
21 9.08°B 9.84PB 10.23%8 9.19cA 10.17°B 10.3438
24 9.2644 10.10%A 9.319A 10.45PA 10,594

D Means of 3 replications, respectively. Values represent mean
D 1 : lightness (1 < 100)

D a: (4) redness / (-) greenness (-60 « +60)

9 b : (+) yellowness / (-) blueness (-60 > +60)

) N.F. : Not fermented .

© Abbreviations: See Table 1.

7 a~e Means with the same superscript in a row are not significantly different at p (0 05.
8 A~1 Means with the same superscript in a column are not significantly different at p <0.05.
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<Fig. 5> Changes of total microbial counts in Nabak kimchi
fermented at different level of temperature and time

1 OBF ; Before Fermentation
2) OAF ; After Fermentation
3 Abbreviations: See Table 1.
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<Fig. 6> Changes of lactic acid bacteria in Nabak kimchi
fermented at different level of temperature and time

D 0BF ; Before Fermentation
2) 0AF ; After Fermentation
3 Abbreviations: See Table 1.
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<Table 4> Sensory evaluation scores of Nabak Kimchi fermented at different level of temperature and time?

Storage periods Green flavor
‘(days) SF49 SF15 SF25 LF4 , LF15 LF25 v
OBF2 13.38+1.194 '13.38+1.194 13.381+1.194 13.38+1.194 13.38+1.194 13.384+1.194
0AFY 12.0041.412B 10.00+0.76PB 3.25+1.049B 11.00+ 1.072bB 7.00+0.76°B 26310.7498
6 11.38+ 1.414BC 9.75+1.91bB 313+09998C  1038+£1512PBC  §3841.74°BC 2.38+1.06%8
12 10.50+1.512C 9.13+1.25%B 3.00+£093%C  95041.513C 5.8841.13<CD 1.38+0.525C
18 7.88+1.252P 7.50+0.89°C 213+£1.25°0  7.63+0.74D 4.88+1.55P0 1.13+0.354€
24 6.25+1.04%E 6.38+1.06%C 1.25+1.46D 6.88+1.64°D 3.63+0.74PE 1.1310.35C
Storage periods Saltiness
(days) SF4P SF15 SF25 IFf . LF15 - LF25
OBF? 12.25+1.89% 12.25+1.89% 12.25+1.89% 1225+ 1.8 12251894 1225+1.894
0AF? 10.75+1.04P%  10.38+0.9258 675+171®  11.50+120%  1000+176"® 5.75+0.718
6 105040938 1025+158°B  6.00+131BC¢ 113811774 9.88+1.25"B 513+2.10®
12 875+089C  736+119%C  539+185C  9.00+120°  738+130C  475+0899C
18 775+£160°C  725+141%C0  513+245C 8.00+1.60°8 6.63+2.07°¢ 375413190
24 65409320 625+1.040  488+183PC  675+171%8  525+171°0 314140690
Storage periods Sourness
(days) SF4P SF15 SF25 LF4 LF15 1F25
OBF2 1.00+0.008 1.0040.00€ 1.0040.00P 1.00£0.00¢ 1.00+0.00P 1.00+0.06E
0AFY 1.13+0.35B 1.13+0.46°C 4.25+0.52b¢ 1.13+0.46 4.00+1.76"C 8.88+0.6420
6 1.50+0.53<B 2.13+0.99B 4.88+1.13%C 1.5040.53<BC 413+1.13C 9.880.837CD
12 3.00+0.9394 288411398 67541968 263+192948B  463+141BC  10.25+1.17°8C
18 3.38+1.60% 338114194 8.63+2.45PA 3.36+1.609A 550420748 11.00+1.312B
24 3.75+0.7194 3.75+0.719A 9.25+1.04bA 3.75+1.7194 613141134 12.25+1.0424
Storage periods. Carbonated flavor
(days) ' SP4P SF15 SF25 LF4 LF15 LF25
OBF? 1.25+0.468 . 1.254+0.46P 1.25+0.46 1.25:+0.46C 1.25+0.46C 1.25+0.46°
0AFY 1.13+0.35%8 1.25+0.4640 4.63+0.52bB 1.25+0.469 3.00+0.76°B 7.88+0.7128
6 1.63+0.924B 225+1.16°9C0 563422658 163+0929BC  325+219B 8.50+2.10°AB
12 213408398  2884125BC 77541 30bA 1.88+0.839BC 37512848 9.381+0.89%4
18 27541584 3.88+1.36PAB  g5041.3124 263+ 1.77°4B 5.13+1.96°4 8.50+1.312AB
24 3.00+0.769A 425407104 7.38+1.5124 3.00+0.769A 5.25+0.71PA 7.5040.69°B
Storage periods B Off flavor. o A
. (days)  SF4Y SF15 SF25 . IF4 LR15 LF25
OBF? 1.00+0.008 1.00+0.00B 1.0040.008 1.00+0.008 1.00£0.00° 1.00+0.00°
0AFD 1.0040.00bB 1.00£0.00°B 2.13+0.35%B 1.0040.00°B 1.000.00b¢ 2.13+0.35%C
6 1.13+0.35bB 1.1340.35"B 2.25+1.26°B 1.0040.00B 1.13+0.35"C 263+2.33C
12 15007648 1.88:+0.99bB 475+1.98%4 1881738  238+141B 450+2.27°8
18 1.88+1.13%B  288+181% 5.00:£2.33b4 175407148 2754104 6.131:1.89748
24 2.00+£0.7644 3.0010.76cA 5.75+1.04bA 2.00+0.769A 3.75+1.04 6.75+1.0424
D Means + S.D.

2) OBF-; Before Fermentation
3 0AF ; After Fermentation

9 Abbreviations: See Table 1.
5) a~d Means with the same superscript in a row are not significantly different at p<0.05.

6 A~C Means with the same superscript in a column are not significantly different at p{0.05.
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