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Effect of Pre-treatment and Packaging Method on Freshness Prolongation
of Spring Kimchi Cabbage during Low Temperature Storage
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Abstract This study was examined for investigating the quality changes of spring kimchi cabbage under various treat-
ments (pre-drying/pre-cooling, packaging types, and stacking and loading in container and pallete in the storage room)
during cold storage. The results showed that control (upward stacking without pre-drying/pre-cooling and HDPE or PVC
film cover) was increased significantly in weight loss and trimming loss, compared to other treatments such as DPDH
(downard stacking + pre-drying + HDPE), DPDP (downard stacking + pre-drying + PVC), DPCH (downnard stacking
+ pre-cooling + HDPE), and UPCH (upward stacking + pre-cooling +HDPE) during storage for three months. In Sensory
evaluation, judging from marketable properties, the desirable appearance of spring kimchi cabbage with the modified pal-
let-unit MA packed, PE, and PVC film wrapping could be maintained until 9 weeks after pre-drying/pre-cooling. Mean-
while, the control without any treatments after 6 weeks, the sensory score was declined, significantly. In general, the low
temperature (10°C and 2°C) of pre-treatment with combination of plastic film packaging in spring kimchi cabbage storage
could inhibit the physiological activity and reduce the direct exposure of environmental cold air in the storage. Therefore,
these two variables were the key points for extending the shelf-life of spring kimchi cabbage.
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Table 1. Pre-treatment of spring kimchi cabbage for storage
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Loading Pretreat 1 Pretreat 2 Abbreviation
Upward stacking - - Control
Downward stacking Pre-drvi L0°C HDPE DPDH
re-dryin,
Downward stacking yme PVC DPDP
Downward stacking . HDPE DPCH
- Pre-cooling 20C
Upward stacking HDPE UPCH

Control: Upward stacking, DPDH: Downard stacking+ pre-drying + HDPE, DPDP: Downard stacking + pre-drying + PVC, DPCH:
Downard stacking + pre-cooling + HDPE, UPCH: Upward stacking + pre-cooling + HDPE
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Fig. 1. Plastic film packaging treatment of spring kimchi cabbage.
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speed 5.00 mm/sec, distance 15.00 mm, trigger force 5.0 g
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Fig. 2. Changes in temperature and humidity during storage of
spring kimchi cabbage.
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Fig. 4. Changes in weight loss of spring kimchi cabbage during
storage.
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Fig. 3. Changes in product temperatures during pre-treatment of spring kimchi cabbage.
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Table 2. Changes in trimming loss of spring kimchi cabbage during storage (unit: %)
Sample Storage period(week)
0 3 6 9 12
Control 5.90+2.35) 7.58+5.60P 9.64+3.00° 21.09+11.69° 23.36+9.78°
DPDH 5.9042.35¢ 8.50+3.42¢ 8.45+4.03¢ 14.47+7.65° 22.70+8.23
DPDP 5.90+2.35° 6.37+6.93° 8.1942.37" 7.99+3 45° 22.29+7.48
DPCH 5.90+2.35¢ 7.18+4.49¢ 11.00£9.22% 14.07+4.35° 27.46+5.32°
UPCH 5.90+2.35° 10.24+2.87° 12.48+3.37° 12.31+4.98" 26.74+13.5%

1) Means with the same letter in column are not significantly different by Duncans’s range test (p < 0.05). n;number of trials=10
Control: Upward stacking, DPDH: Downard stacking+ pre-drying + HDPE, DPDP: Downard stacking + pre-drying + PVC, DPCH:
Downard stacking + pre-cooling + HDPE, UPCH: Upward stacking + pre-cooling + HDPE
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Table 3. Changes in dwarf stem length of spring kimchi cabbage during storage (unit: mm)
Sample Storage period (week)
0 3 6 9 12
Control 67.24 £ 12.80* 61.83 £9.40* 67.80 + 15.56% 66.08 £ 6.65* 62.17 £ 8.57*
DPDH 67.24 £ 12.80* 47.06 + 9.08" 67.53+12.97* 66.93 £ 11.65* 61.92 £ 9.67%
DPDP 67.24 + 12.80° 50.51 + 14.04° 62.61 +10.84° 58.96 + 8.72% 69.67 = 10.47°
DPCH 67.24 + 12.80* 56.29 + 12.24* 61.96 +12.70* 56.42 +6.73% 62.07 £ 10.712
UPCH 67.24 + 12.80° 58.84 + 8.10° 68.45 + 15.30° 70.98 + 8.25° 87.57 £ 13.53%

1) Means with the same letter in column are not significantly different by Duncan’s range test (p < 0.05). n:number of trials = 10
Control: Upward stacking, DPDH: Downard stacking+ pre-drying + HDPE, DPDP: Downard stacking + pre-drying + PVC, DPCH:
Downard stacking + pre-cooling + HDPE, UPCH: Upward stacking + pre-cooling + HDPE



124 HEA| 2l
S As) B A A7k wE Fje] doldle
QS MR R Fo7 AlREHTH

. T@EXOoo

Ao we s Wske Fig. 59 2t A%
Z719= 92.80 £ 1.70%= YeRGow ofgf 712 22|
A A7 3FO)E 92.12+0.77 ~ 94.86 + 0.69%, A% 6ol
£ 93374040 ~94.86+0.69%, A7 9Fol= 92.50+0.33
~9461+038% % A 12F0E 92.74+0.04~94.61=
038%= YERstTh A7d717ke] Azt Aol wt o

AP AFL BolAE YRAT, A7 F RE A2

1= o AA
T7F o] A= A= F fAHL AS5S & F STk
o] Lee (2019)'99] <dte} 7okom ol Fafl AT
Z70el] M2 wjFe] R T Hsle foF Aolvt sle

Aol e 7HeA P =S Hel= Table 491 2+
ot A Z7191E 527+ 0.06°Brix® UEREe™ ofg] 7}
A ZAg)TollA A 350 4.77+0.21 ~6.03 £ 0.46°Brix,
A7 6570l 4.53+0.31~5.87+0.31°Brix, A% 95l&
4.80+0.40~6.30+0.17°Brix ¥ A7 125°ll= 537+0.06
~6.43 £ 0.38°Brix® UER} #74717ke] 73 ke}l A g]do

96
S 954
= o -e- Control
£ = DPDH
S 933 -+ DPDP
5 92+ ~+ DPCH
§91-- - UPCH
90 I N L NN |
0 5 10 15

Storage period (week)

Fig. 5. Changes in moisture content of spring kimchi cabbage
during storage. For treatments, refer to Table 1.
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Table 4. Changes in soluble solids content of spring kimchi cabbage during storage (unit: “brix)
Sample Storage period (week)
0 3 6 9 12

Control 5.27 +0.06¢ 477 +0.21¢ 5.87+031° 6.03 + 0.06® 6.40 + 0.46°
DPDH 5.27 +0.06% 5.07 + 0.35% 4.67 +0.55° 533051 5.73+0.21°
DPDP 5.27 + 0.06" 5.53+0.35% 4.90 + 0.44° 5.10 £ 0.36* 5.43 +0.59*
DPCH 5.27 +0.06° 533 +0.42° 5.07 +0.42° 5.20 + 0.44° 5.97+0.25°
UPCH 5.27 +0.06% 5.87+0.15% 5.50 £0.17% 5.17 +0.55" 6.00 + 0.66"

1) Means with the same letter in column are not significantly different by Duncan’s range test (p < 0.05). n:number of trials = 10
Control: Upward stacking, DPDH: Downard stacking+ pre-drying + HDPE, DPDP: Downard stacking + pre-drying + PVC, DPCH:
Downard stacking + pre-cooling + HDPE, UPCH: Upward stacking + pre-cooling + HDPE
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Fig. 6. Changes in color value of spring kimchi cabbage during storage. a~c: outer midrib, d~f: middle part of cutting plane (n ; number

of trials =10) For treatments, refer to Table 1.
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Fig. 7. Changes in hardness of spring kimchi cabbage during
storage. n;number of trials = 10 For treatments, refer to Table 1.

911 e ARRE A F FohAE) wse 24
ZAEE 2.56+0.33 kg/forceZ UEPHS
A7 FRF A7 HER Zolrt FslskAl veRt
Sigith, 49710 B9 BE Be) AREol AAsl
egot ololl we} Foi=e] Fho] BlwA & fA

Hi e Aog AzEnh A% 127 F BE ATl
A 2.19~2.40 kg/force= VFER} A717F Bt 27] S

Ameh vsE #E0E AAHE e L F Ak

9. HEHA L AT
2iF A F BANE @ A% A% F B A
o 920 F shhel AN BE ATl AR 12

T 53 marketable®] SHAIA 58 ooz HrbE Atk
(Table 6). 2272 ovlak A gt Aol AUk Ay
gk ARt 227o] $A fAEE AeE B
QI Fol, AFE, AlEw, 7INFH), MW, §‘@}),
o]_ﬂ zzlﬂ— AXE Zo] Aurdel & g AES =
of HRHARI 71528 AR A3 A% 125 & ek
P+ 2]l 633 ~6.56019, GEF+) 71+HDPE
oA 6112 FA fAEE Fe= ﬁﬂ7m9;1:} wakA o
A/ 2glsle] HDPE T PVC A3k 7% T2



126 HEMIED - ZIAIY - Andri Jaya Laksana - 249424 gt 2 stslA|
Table 5. Changes in dwarf stem hardness of spring kimchi cabbage during storage (unit: kg)
Sample Storage period (week)
0 3 6 9 12
Control 256033 2.46+£0.44% 2.76£0.47° 2.30£0.41° 2.40£0.36%
DPDH 256+033 2.30+0.33%® 2.29+0.22% 2.35+0.23%® 2.25+0.38°
DPDP 2564033 2.51£0.22% 2.53+0.27 2.25£0.29% 2.19+0.28¢
DPCH 256033 2.39+0.36% 2.20+0.27° 2.39+0.33% 2.19+0.25"
UPCH 2.56+0.33 2.56+0.3 2.55+0.42° 2.41+0.33 2.37+0.28

1) Means with the same letter in column are not significantly different by Duncan’s range test (p < 0.05). n:number of trials = 10
Control: Upward stacking, DPDH: Downard stacking+ pre-drying + HDPE, DPDP: Downard stacking + pre-drying + PVC, DPCH:
Downard stacking + pre-cooling + HDPE, UPCH: Upward stacking + pre-cooling + HDPE

Table 6. Changes in sensory evaluation of spring kimchi cabbage during storage

Storage period (week)
Sample
0 3 6 9 12

Control 7.00 + 0.87° 6.67+1.12° 3.89 + 1.76° 2.67+0.50¢
DPDH 7.22 + 1.09%¢ 7.44 +0.73° 7.00 + 0.87% 6.56 + 0.53¢
DPDP 9.00 + 0.00* 7.11+1.17° 7.67 +0.87 7.00 + 1.12% 6.33 +£0.87°
DPCH 6.56 = 1.24% 7.56 + 0.88° 7.22 +0.97% 6.11 £ 0.60¢
UPCH 7.00 + 1.41° 6.22 + 1.30% 6.56 + 1.24° 5.22 +1.20°

1) Means with the same letter in column are not significantly different by Duncan’s range test (p < 0.05). * Sensory evaluation: 9-
point scale (initial: 9 points, productivity cut-off: 7 points, kimchi processing cut-off: 5 points) Control: Upward stacking, DPDH:
Downard stacking+ pre-drying + HDPE, DPDP: Downard stacking + pre-drying + PVC, DPCH: Downard stacking + pre-cooling
+ HDPE, UPCH: Upward stacking + pre-cooling + HDPE
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Fig. 8. Changes in appearance of spring kimchi cabbage during storage. For treatments, refer to Table 1.
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