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Abstract

In this study, changes in the quality and headspace O,/CO, concentrations of cubed radish (Raphanus sativus L.)
kimchi (CR-kimchi) packaged using multilayer airtight film (MAF), half-area breathable film (HABF), partial area
breathable film (PABF), and one-way degassing valve-mounted film (ODVF) were investigated during storage
under altering temperature conditions. The total lactic acid bacteria count in CR-kimchi samples stored for 6 days
at 0°C, followed by 8 days at 6°C, increased to 7.8-7.9 log CFU/g, regardless of the packaging. The titratable acid-
ity of the CR-kimchi samples increased to 0.6-0.7% during storage at 0°C for 6 days and then at 6°C for 8 days;
it was maintained at 0.6-0.8% for 32 days of storage at —3°C. After 46 days of storage, the reduced sugar content
of CR-kimchi packaged using MAF, HABF, PABF, and ODVF decreased to 26.8-30.3 mg/g, indicating no signif-
icant (p>0.05) differences. However, during storage, headspace CO, concentration and film volume were lower in
the HABF treatment than in the control, PABF, and ODVF treatments, indicating that HABF packaging combined
with supercooled (—3°C) storage can extend the optimal ripening period of CR-kimchi without packaging expansion
during storage.
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Fig. 1. Time-temperature profile of cubed radish kimchi cooling
in the experimental cold chamber.
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Fig. 2. Changes in the count (log CFU/g) of total coliforms (A), total aerobic bacteria (B), total lactic acid bacteria (C), and yeasts/
molds in film-packaged cubed radish kimchi during storage under altering temperature conditions. Control, multilayer airtight film;
HABF, half-area breathable film; PABF, partial area breathable film; ODVF, one-way degassing valve-mounted film. Mean values
highlighted with different uppercase letters (A-C) differ significantly (p<0.05), considering the same storage time. Mean values
highlighted with different lowercase letters (a-f) differ significantly (p<0.05), considering the same treatment.
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Fig. 3. Changes in the pH (A) and titratable acidity (B) (%) of film-packaged cubed radish kimchi during storage under altering
temperature conditions. Control, multilayer airtight film; HABF, half-area breathable film; PABF, partial area breathable film;
ODVE, one-way degassing valve-mounted film. Mean values highlighted with different uppercase letters (A-C) differ significantly
(p<0.05), considering the same storage time. Mean values highlighted with different lowercase letters (a-f) differ significantly

(p<0.05), considering the same treatment.



Table 1. Changes in the instrumental hardness (kg,) of film-packaged cubed radish kimchi during storage under altering temperature conditions

Storage time (day) Levels of
Treatment . 7
0 3 6 10 14 22 30 38 46 significance
Control" 0.9+0.1°49 1.0+£0.24 1.0+0.14 0.9+0.2% 1.0+£0.24 0.8+0.2% 1.0+0.24 0.9+0.14 0.8+0.24 Film type NS
HABF? 0.9+0.14% 1.1£0.14 1.0:£0.14%¢ 1.0:£0.24%¢ 0.9+0.14% 1.1£0.24% 1.0:£0.14%¢ 0.8+0.2%¢ 0.9+£0.24 Storage time *
PABF? 0.9+£0.14% 11£0.2%  1,0£0.27 0.9+0.24% 1.0£02%  1.0£02°  0.8+0.1% 0.8£0.2%  0.9+0.27 Film type x NS
ODVF" 0.9£0.14 1.0£0.24 0.9+0.14¢ 0.9+£0.2"¢ 1.0£0.2% 0.8£0.14¢ 1.0£0.24 0.9+£0.24 0.9+0.14 Storage time

Control, multilayer airtight film.

YHABE, half-area breathable film.

9PABF, partial area breathable film.

YODVF, one-way degassing valve-mounted film.
YEach value is mean+SD.

9Mean values in the same column (A-B) or row (a-c) followed by different letters are significantly different according to Duncan’s multiple range test (p<0.05).
MLevel of significance: NS, not significant (p>0.05); "p<0.05.

Table 2. Changes in the salinity (%) and reducing sugar content (mg/g) of film-packaged cubed radish kimchi during storage under altering temperature conditions

Quality Treatment Storage time (day) Levels of
parameter 0 3 6 10 14 21 31 38 46 significance”
Control” 1.9+0.294%) 1.9+0.24 1.9+0.24 1.9+0.24 1.9+0.24 1.9+0.24 1.8+0.24 1.8+0.24 1.9+0.24 Film type *
Salini HABF? 1.9+0.242 2.0+0.149 1.9+0.242 2.0£0.142 2.0+£0.242 1.9+0.242 1.9+0.142 2.0£0.149 2.0£0.248 Storage time NS
alini
Yy PABF? 1.9+0.24 2.0£0.24 1.9+0.24 2.0£0.24 1.8+0.14 2.0£0.14 2.0£0.14 2.0£0.14 1.9+0.24 Film type x NS
ODVF? 1.9+0.242 1.9+0.248 1.9+0.142 1.8+0.142 1.9+0.142 2.0+£0.242 1.8+0.248 1.8+0.248 1.8+0.142 Storage time
Control 50.242.24 47.7+1.8%  45.142.6"° 39.3+£3.24¢ 29.1+3.6M 3234234 29.542.6M  28.14£3.6%  29.5+2.77d Film type NS
Reducing HABF 50.2+42.242 47.942 6" 46.7+2.44 37.6+£3.4%  31.742.8%¢ 31.6£2.74¢ 30.8+2.8%¢ 30.2+1.14¢ 30.3+2.84¢ Storage time Hkk
sugar
et PABF 502622 46RHAOM 442027V 3BOBEN 32032N 20828Y  20834% 272830 VT Fimuypex
ODVF 50.242.242 47.842.24a 45.6+1.4% 40.043.7°°  31.443.1%¢ 30.1£1.84¢ 31.6+£2.94¢ 28.842.6%°  26.842.84¢ Storage time

Control, multilayer airtight film.

PHABF, half-area breathable film.

JPABF, partial area breathable film.

YODVF, one-way degassing valve-mounted film.
“Each value is mean+SD.

9Mean values in the same column (A) or row (a-d) followed by different letters are significantly different according to Duncan’s multiple range test (p<0.05).

Level of significance: NS, not significant (p>0.05); ‘p<0.05;

ke

'p<0.001.
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Fig. 4. Changes in the headspace O, (A) and CO, (B) concentrations (%) in packaging films for cubed radish kimchi during storage
under altering temperature conditions. Control, multilayer airtight film; HABF, half-area breathable film; PABF, partial area
breathable film; ODVF, one-way degassing valve-mounted film. Mean values highlighted with different uppercase letters (A-D) differ
significantly (p<0.05), considering the same storage time. Mean values highlighted with different lowercase letters (a-f) differ

significantly (p<0.05), considering the same treatment.
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Fig. 5. Changes in volume (mL) in packaging films for cubed
radish kimchi during storage under altering temperature
conditions. Control, multilayer airtight film; HABF, half-area
breathable film; PABF, partial area breathable film; ODVE,
one-way degassing valve-mounted film. Mean values highlighted
with different uppercase letters (A-D) differ significantly (p<0.05),
considering the same storage time. Mean values highlighted
with different lowercase letters (a-h) differ significantly (p<0.05),
considering the same treatment.
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Fig. 6. Appearance of different packaging films for cubed radish kimchi during storage under altering temperature conditions.
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