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Packaging Techniques to Prevent Winter Kimchi from Inflation

Seok-In Hong, Noh-Hyun Park and Wan-Soo Park
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Abstract

The effect of various packaging methods on kimchi quality was investigated in order to develop the pack-
aging techniques for preventing commercial kimchi products from inflation and explosion due to fermentative
gas evolved during storage and distribution. Kimchi was packaged in different methods; atmospheric (AP),
check-valved (CV), double (DP) and vacuum (VP) packaging. The quality of kimchi during storage at 10°C
was evaluated in terms of gas composition, free volume, pH, titratable acidity, color index, lactic acid bacteria
and sensory properties. O, concentration decreased to about 1% at 6~8 days of optimal ripening time in all
packages except DP, in which it remained around 20%. CO, concentration reached 70~90% after 6~8 days in
AP, CV and DP, while it stayed around 10% in DP. The free volume in AP had typical sigmoidal curve sim-
ilar to CO, concentration changes. It remained almost constant in CV and DP, but started to increase at the
late stage of storage in VP. There was no significant influence of packaging methods on the other quality at-
tributes such as pH, titratable acidity, color index (L.b/a), lactic acid bacteria count and sensory evaluation
score. As results, it could be proposed to employ CV and DP method as the effective packaging techniques

for preventing commercial kimchi products from inflation.
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Fig. 1. Changes in O, concentration within the pack-
age of kimchi with various packaging methods dur-
ing storage at 10°C M—®, AP; [(—, CV; A—A,
DP; @—@, VP; 4, Heat shock at 30°C, 5 hr
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Fig. 2. Changes in CO, concentration within the package
of kimchi with various packaging methods during storage
at 10°C m—M, AP; (], CV; A—aA, DP; @—@, VP;
4. Heat shock at 30°C, 5 hr
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Fig. 3. Changes in free volume inside the package of
kimchi with varions packaging methods during storage
at 10°C m—N, AP; [, CV; A—A, DP; ®—@, VP
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Fig. 4. Changes in pH of packaged kimchi during
storage at 10°C W—M, AP; [—J, CV; A—A, DP;
o—@, VP
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Fig. 5. Changes in titratable acidity of packaged kimchi
during storage at 10°C ®—®, AP; T, CV; A—aA,
DP; —@, VP
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Fig. 6. Changes in color index (L-b/a) values of crushed
kimchi juice during storage at 10°C B—M, AP; [,
CV; A—A, DP; 8—@, VP
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Table 1. Changes in lactic acid bacteria of packaged kimchi during storage at 10°C (CFU/ml)
Packaging Storage time (days)
methods 0 2 3 4 6 9 12
AP 1.4x 10* 9.5%10* 33x10° 77X 10 5.7x 10° 3.7x10° 5.0x10°
DP 1.4x 10 1.4 10° 1.5 10° 8.3x 1Y 5.9x10° 22x10° 2.8 10°
Ccv 1.4% 10 8.2x10° 1.2x10° 1.1x10° 8.2x 10° 1.4x10° 4.1x10°
VP 1.4x 10 t2x 10 20x10° 7.0x 107 6.3x 107 32x10° 38x10°
Table 2. Changes in sensory evaluation” score of packaged kimchi during storage at 10°C
., ; Storage time (days)
Attributes Packaging (
methods 2 3 4 6 9 12
AP 6.16” 5.00° 5.69° 6.64" 5.25° 6.13°
Color DP 5.40° 467 5.31° 4.68" 5.13° 4.97
cv 503 6.61° 5.56" 5.94" 5.31° 6.70°
VP 5.40° 5.49° 4.00° 533 5.13° 4.14°
AP 8.16° 5.00° 7.40° 6.03 5.25 6.24°
Flavor DP 7.63° 467 6.52° 5.39° 513 6.86"
cv 8.18* 6.61° 7.03° 6.21* 6.31° 5.60°
VP 7.68° 5.49* 7.13° 5.85° 5.13° 6.52"
AP 1.58" 2.19* 2.70™ 5.04* 7.00° 6.13"
Sourness DP 1.58 1.90° 2.60% 5.69* 6.13 6.02°
ourm cv 1.45° 241 353" 5.25° 5.60° 6.58"
VP 1.83° 2.39° 237 4.25 7.13 5.83"
AP 6.30° 6.80° 6.14* 5.66 5.90" 5.01°
Texture DP 671" 7.18 6.04 6.31° 5.21° 537
ex cv 7.19* 6.23" 6.24° 6.09° 5.75 5.28
VP 6.56° 6.51 6.30° 5.06" 5.53" 6.59"
AP 6.28° 5.62" 5.70" 5.64' 473" 436
Pref. DP 6.04° 5.44* 5.60" 468 430" 4.00°
reference cv 6.78° 5.38" 6.53" 5.94° 463 4.04"
VP 6.46° 5.56 5.37" 5.33" 5.25° 4.89°

1>Scnsory test by 7-8 experienced persons; As the values increase from 1 to 9, the intensity of sensory characteristics increases
“Different superscripts within a column indicate significant differences (p<0.05)
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