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Abstract

In this study, an appropriate modified atmosphere packaging (MAP) condition to minimize physiological disorders
while lowering weight loss was sought. To reduce weight loss during storage, kimchi cabbages packed with 0, 32,
40, 48 perforated low-density polyethylene (LDPE) films, with a diameter of 14 mm, were stored in pallet units for
90 days at 1-2°C, and their loss rate, physiological disorders, total bacteria count, pH, and solid content were ana-
lyzed. It was found that as the number of holes increased, the weight loss ratio increased proportionally. However,
the difference between the perforations was relatively small compared with the sample without film packaging. On
the other hand, it was also observed that the lower the number of holes was, the lower the incidence of physiolog-
ical disorder was because the cold air penetrated through the perforated hole while inhibiting physiological effects,
releasing heat and carbon dioxide generated by respiration. Considering the weight loss rates and physiological dis-
orders such as black speck and soft rot, the kimchi cabbage packed with 48 perforated films (73.9 cm?) exhibited
the most satisfactory condition. Using this storage condition, along with 2-3°C temperature and 91-95% relative
humidity inside the pallet, a highly suitable condition for kimchi processing was obtained to secure kimchi cabbage.

Key words: kimchi cabbage, storage, pallet unit, LDPE film packaging, weight loss

M =2 S 2= AN F£E8E BulFE AV AFskE Aol o

Aojr], 717 AL {3 WHOZE X|9b4] 9 134

W 3=(Brassica campestris L. ssp. pekinensisy= 4 AF3}3} o Y (Bae et al., 2015; Eum et al.,, 2013a), #*1& A 2
AaE F2 A AEZ AHEETHKang et al.,, 1999). S AxA7)= o7, controlled atmosphere (CA) A7

AR ANEA AFKOSIS)] wEW 20199 w3 % (Park et al, 2015; Choi et al,, 2019) 5 B& A7t 5

AAeFe 236THE oI, A W v|FE BHlF 32.5%, o =Tt sk vh, AA] Aol HE&H AlEle A (=
SHlFE 9.9%, 7S 44.9%, A2HF 12.7% o]t} Hj t ol FA-T4 AXAZAAEC] HE ANES 755t
FE H2 AEAA Y 48] S7HRE AAE] ofd &4 =% Zﬁ"“ﬂ —r7}xq° H| &S FEstes Zlo] ofH7] w
o= Be F87F JUTH(Choi et al., 2015). SHAIRE, A& otk & A= wlF A7IAS AA AXA=AA
Fo| A Al e = vl FE B @Ml ASE] ojga, 1 7 €8 ‘F U AAA] WP Jgkel= Zlo] &
2, HF 5 o757t HIMs] YA st ASHS g Aotk AAR MiFe A7) AR FiE FUE s
o] EQFY3ta 7t4 FE¥o] ATH(Yang et al, 1993;  7F AstE £ £ AAs), n]YE o5 P 5o
Kang et al., 1999). wehr, B2 A AzxFA= s-27] 2 Q&) &Ao] AsHA Eth(Hyang et al., 2013; Hong

of MiFE AR xddt= Zlo] ZIPgAFAA FA et al, 2018). HiF= A Zﬂoi ol s Ed3sl7] ¥
Ho} Fa38it) 8999 wiFE I H o= gr st WY L, AueARE 2 9 28 A, A Tl T
Zol #A77F @ FAHEum et al., 2013b). BHjFE W3

*Corresponding author: Eung Soo Han, Research and Development o)A 90d7F AASHA oF 27-30%2] o] AN,
Division, World Institute of Kimchi, Gwangju 61775, Korea Al Hool= = 3 x - =

Tel: +82-62-610-1732; Fax: +82-62-610-1711 H7H 918 AlAshs BADAZA] 23FEE F 40-
E-mail: hanakimchi@wikim.re.kr 45%9] £2o] WAsHA Hrh 2 =9k AVAF Al &4
Received October 26, 2020; revised November 12, 2020; accepted = o = AL

November 24, 2020 = e, ESk=vh daAeE, CA A%

, modified atmo-

376



HulF ARl Wl ¢ LDPE ZE¥4e a3 377

sphere packaging (MAP) &3} 3t A7 zhzt 213)
o] gh=H|(Yang et al., 1993; Cho et al., 2017; Kim et
al., 2018; Choi et al., 2019), °|¥l A+E ZZANE o] &
sto] 2, 5, ZIAEEE 3 el -8l a4E
sttt A7 AFe] e 2go s A-e

PN
=)
FAskE Aol HgAsA, R 20 4
| 3
a-

d

E w9 3tar, EFg-E low-density polyethylene (LDPE) 2
= SohaY At A3 AR7IER EHE,
A ¥stE A ste] MAP HAx2718 A shaint

2wy

N

FU

Mz

HFe FHEE B2oA 69 12dd 83t g3
)5 (Nongwoobio Co., Ltd.,, Suwon, Korea) &% ]33
S8 Al 7] F FHE 2535kgo|on ZElaE AR}
(550x366x323 mm)°ll 4-53E714 M A 2o Bglof 6714
6t o = HAjste] A G o]FsiT.
DA | S SERPS = PN PN

H S F22 v 4olA 3om FHE HEE 25
(Testo 905-T1, Lenzkirch, Germany)Z 73} th. %71
F22 18-20°Co|Her, 447 1Y 2-3°CH @AIH o=
Wzskdtt. 71A 24 e A% fi-o] d7| x2S WA st
] ¢¥5L LDPE &l BRgate] 27 o thr]g7o] uj
Fo] 35° o3 AA2gGA 2EHEE AT A
80 um LDPE B5-2 Asl=7]el 2t A Bl (1,200

1,200x2,200 mm)Z A2k 7 5 ol W77k HFE
5 l4mm FAFo=2 7S SiH &/, 283 & 49
of W 6, 8, 10715 Elz-stAthFig. 1). ZH2Fe] ElaH 4
£ 493, 61.6, 73.9cm? °]A Tt EFFE = E(Solinepack
Co., Kimpo, Korea)2 €3l @92 EA3 5 1-2°CE &
A sPAA 1277kA] A7ttt

=5

Z2F7F A 8(%) = 100

erESE0) A% A ZT "

AAEHAES A T BV FYE AAS F wiF
¥NY THS A8t WEEE S th(Bang et al.,
2017)

dx] # =2k - XA & =8k
@{é@%(%)—%bd—go ;81_—!“'6‘0 % 100
A A S
F AFEHELS THELEY FHEHES o] &3
2]

...................

32 holes 40 holes 48 holes

Fig. 1. Shape of perforated film box and packaging treatment.
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Fig. 2. Temperature change of spring kimchi cabbage inside the packaging during cold storage.
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Fig. 3. Humidity of spring kimchi cabbage inside the packaging during cold storage.
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Table 1. Loss rate of spring kimchi cabbage after 90 days cold
storage covered with perforated films

Weight loss Trimming loss Total loss
(%) (7o) (%)
0 hole 7.87+2.36 17.40+4.48 23.85+5.64
32 holes 9.36+5.33 16.78+2.66 24.60+4.25
40 holes 9.53+2.97 14.85+1.89 22.95+3.68
48 holes 11.51+4.34 15.16+4.10 25.00+4.02
Non-packing ~ 29.16+4.46" 19.50+3.06 42.90+5.31°

All values are the mean+SD.
Values within asterisk (*) are significantly different (p<0.05).
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Table 2. Physiological disorders of spring kimchi cabbage after 90 days cold storage covered with perforated films

Mold incidence

Midrib brown stain incidence

Soft rot incidence gy speck incidence” Overall quality”™

(%) (%) (%)
0 hole 100 52.78 11.11 3.03 1
32 holes 91.67 58.33 0 2.67 2
40 holes 83.33 55.56 0 2.56 3
48 holes 71.67 36.67 0 2.63 4
Non-packing 0 8.33 0 2.58 3

* 1: none 2: little 3: a little 4: much, 5: very much
™ 1: very poor, 2: poor, 3: normal, 4: good, 5: very good
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Fig. 4. Appearance of spring kimchi cabbage covered with perforated film after 90 days cold storage.
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Fig. 5. pH change of spring kimchi cabbage covered with
perforated films during cold storage.
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Fig. 6. Soluble solid contents change of spring kimchi cabbage
covered with perforated films during cold storage.
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Table 3. Correlation coefficients between quality factors of spring kimchi cabbage at 90 days cold storage

Area of Weight Trimming Mold Black Mldnb. Soft rot . Total
. speck brown stain .~ . pH Brix .
holes loss loss incidence . " L incidence microbes
incidence  incidence
Area of holes 1
Weight loss 0.903" 1
Trimming loss 0222 -0.184 1
Mold incidence -0.841° -0951°  0.174 1
Black speck incidence -0.734 -0.381 -0.688 0.326 1
Midrib brown stain incidence -0.766 -0.910" 0.164 0.965" 0.187 1
Soft rot incidence -0.688 -0.337 -0.732 0.329 0.963" 0.193 1
pH -0.855" -0.958" 0.264 0.948" 0.376 0.874" 0.304 1
Brix 0.899° 0.990°  -0.161 -0.963° -0.392 -0.911 -0.384  -0.939" 1
Total microbes -0.616 -0.798 0.372 0.859" 0.124 0.778 0.220 0.770 0.862° 1
* Value within a column with different superscript letters are significantly different (p<0.05)
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Fig. 7. Microbial change of spring kimchi cabbage covered with
perforated films during cold storage.
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