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Abstract

This study was conducted to investigate the quality of kimchi cabbages stored under a pallet unit-controlled atmo-
sphere (PUCA), containing 2% O, and 5% CO,, and to develop quality prediction models for cabbages stored under
such conditions. Summer and winter cabbage samples were divided into PUCA-exposed groups and atmospheric air-
exposed control groups (in a cold storage). The control summer cabbages lost up to 8.31% of their weight, whereas
the PUCA-exposed summer cabbages lost only 1.23% of their weight. Additionally, PUCA storage effectively
delayed the reduction in cabbage moisture content compared with the control storage. After storage for 60 and 120
days of the summer and winter samples, respectively, the reducing sugar contents were higher in the PUCA groups
than in the control groups. The linear regression analysis-derived equations for predicting the storage period, weight
loss, and moisture content in the control groups, as well as those for predicting the storage period and weight loss
in the PUCA groups, were appropriate according to the adjusted coefficient of determination, root mean square error,
accuracy factor, and bias factor values. Therefore, this PUCA system would be useful for improving the shelf life
of the postharvest summer and winter cabbages used in the commercial kimchi industry.
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Fig. 1. Schematic diagram of the pallet unit-controlled atmosphere system.
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Fig. 3. Changes in O, and CO, concentrations (%) inside
airtight containers during PUCA storage for summer (a) and
winter (b) kimchi cabbages.
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Fig. 4. Changes in the weight loss (%) of summer (a) and
winter (b) kimchi cabbages stored under PUCA conditions.
Means with different letters differ significantly according to
Duncan’s multiple range test (p<0.05). Significant differences
between the control and PUCA treatment are indicated by an
asterisk according to independent-samples t-test (p<0.05).
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Fig. 5. Changes in the moisture content (%) of summer (a) and
winter (b) kimchi cabbages stored under PUCA conditions.
Means with different letters differ significantly according to
Duncan’s multiple range test (p<0.05). Significant differences
between the control and PUCA treatment are indicated by an
asterisk according to independent-samples t-test (p<0.05).
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summer (a) and winter (b) kimchi cabbages stored under
PUCA conditions. Means with different letters differ significantly
according to Duncan’s multiple range test (p<0.05). Significant
differences between the control and PUCA treatment are indicated
by an asterisk according to independent-samples t-test (p<0.05).
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Table 1. Pearson’s correlation coefficients of weight loss, moisture content, and reducing sugar content, and storage period

Reducing sugar

Cultivar Treatment Parameter Weight loss Moisture content content Storage period
Weight loss 1 - - -
Control Moisture content -0.819" 1 . - -
Reducing sugar content -0.543 0.863 1 -
Summer kimchi Storage period 0.952™" -0.913"" -0.678" 1
cabbage Weight loss 1 - - -
PUCA Moistlfre content -0.485 1 . - -
Reducing sugar content 0.016 0.715 1 -
Storage period 0.910™ -0.586" -0.198 1
Weight loss 1 - - -
Control Moisture content -0.783:** 1 ) - -
Reducing sugar content -0.477 0.589 1 -
Winter kimchi Storage period 0.889™" -0.937" -0.700™ 1
cabbage Weight loss 1 - - -
PUCA Moistl?re content -0.050 1 B - -
Reducing sugar content -0.431 0.626 1 -
Storage period 0.943™" -0.206 -0.577 1
Level of significance: “p<0.001, “p<0.01, "p<0.05

Table 2. Fitted equations in the prediction of the storage period, weight loss, reducing sugar content, and moisture content of kimchi
cabbages during storage by the single or multiple linear regressions.

Cultivar  Treatment Parameter Regression equation
Storage period 913.19 — 9.71 x Moisture content + 4.20 x Weight loss
Control Weighj[ loss 0.14 x Storage perif)d
Reducing sugar content  -76.53 + 1.04x Moisture content
Skqmn;le_r Moisture content 86.08 — 0.03 x Storage period + 0.38 x Reducing sugar content
C;gf,(;gle Storage period 42.41 x Weight loss
PUCA Weight loss 0.02 x Storage period
Reducing sugar content  -199.06 + 2.35 x Moisture content
Moisture content 89.30 — 0.35 x Weight loss + 0.22 x Reducing sugar content
Storage period 1882.80 +4.98 x Weight loss — 19.18 x Moisture content — 3.48 x Reducing sugar content
Control Weigh.t loss 0.07 x Storage period .
Winter Reducing sugar content  27.06 — 0.04 x Storage period
kimchi Moisture content 93.25 — 0.024 x Storage period
cabbage Storage period 143.83 + 64.97 x Weight loss — 5.09 x Reducing sugar content
PUCA  Weight loss 0.01 x Storage period

Reducing sugar content

-187.25 — 0.02 x Storage period + 2.29 x Moisture content

ﬂdj

ad/

2 oJujgit,
93)

2 2k2F 0.122] RMSE 7S 1.9l

1Z = A v A e 4F
&= o5 2d3 PUCA f\l*E‘M A7k
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S
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L b |
0.633% 0422
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Aol AR WiEsl 4%
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l ZWUP Q27 28
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Table 3. Evaluation of the quality prediction models of kimchi cabbages stored under PUCA conditions

Variety Treatment Quality parameter R R, A7 BY RMSE?
Storage period 0.99 0.99 1.11 1.06 22.20
Weight loss 0.98 0.98 1.09 0.95 0.47
Control .
Reducing sugar content 0.86 0.86 1.02 1.00 0.35
Summer kimchi Moisture content 0.99 0.99 1.00 1.00 0.12
cabbage Storage period 0.98 0.98 1.26 1.15 23.13
PUCA Weight loss 0.94 0.94 1.35 0.74 0.16
Reducing sugar content 0.43 0.43 1.02 1.00 0.46
Moisture content 0.77 0.66 1.00 1.00 0.12
Storage period 0.99 0.97 1.09 1.05 4.90
Weight loss 0.99 0.99 1.13 0.88 0.45
Control .
. . . Reducing sugar content 0.63 0.63 1.05 1.01 1.46
Winter kimehi Moisture content 0.97 0.97 1.00 1.00 032
g Storage period 0.95 0.94 1.09 0.94 9.19
PUCA Weight loss 0.97 0.97 1.15 1.12 0.11
Reducing sugar content 0.56 0.42 1.03 1.01 0.88

DR?: Coefficient of determination.

7)R“m,j Adjusted coefficient of determination.
4 Accuracy factor.

4)B Bias factor.

”RMSE Root mean squared error.
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