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Quality Evaluation and Optimization of Storage Temperature with Eight
Cultivars of Kimchi Cabbage Produced in Summer at Highland Areas

Hyang Lan Eum', Byung-Sup Kim', Yong Joon Yangz, and Sae Jin Hong"

IDepartmem of Plant Science, Gangneung-Wonju National University, Gangneung 210-702, Korea
zDepartment of Plant and Food Science, Sangmyung University, Cheonan 330-720, Korea

Abstract. This study was conducted to investigate the quality characteristics of eight Kimchi cabbage cultivars
and the effect of cold storage on the quality of two kinds of cabbage cultivars, such as ‘CR-Nongshim’,
and ‘Ryouckgwang’. Early planted and harvested cultivars at July showed that fresh weight was lower than
late harvested cultivars at September, because early harvesting time of July was heavy rainy season at highlands
of Gangwon province. The firmness was more than 10 N for all cultivars and ‘Cheongock’, ‘Sanjanggoon’,
and ‘Ryouckgwang’ cultivars had high value of firmness among them. No differences among the cultivars
were found in appearance, freshness, and texture evaluations at harvest. Sweetness and bitterness had statistical
differences and showed high value in ‘Ryouckgwang’ and in ‘CR-Nongshim’ and ‘Sooho’. Two Kimchi cabbage
cultivars such as ‘CR-Nongshim’ and ‘Ryouckgwang’ were stored at 0°C, 2°C, 5°C, and room temperature
(25°C) with more than 90% RH. Significant difference was found in weight loss during room and low temperature
storage. In general, weight loss of the Kimchi cabbages at room temperature was significantly increased by
15% within 3 days, whereas it was delayed at low temperature until 3 weeks on all Kimchi cabbage cultivars.
Firmness of ‘CR-Nongshim’ was higher than ‘Ryouckgwang’ but there was no difference within low storage
temperatures. Appearance among the sensory factors was a critical indicator to estimate storage periods. On
the point of appearance, storage period at 0°C was 1 week and 2°C and 5°C was 3 weeks and 1 week in
‘CR-Nongshim’ cultivar, respectively. The storage period of ‘Ryouckgwang’ cultivar was 2 weeks, 4 weeks,
and 2 weeks, respectively. Conclusively, storage at 2°C with more than 90% RH was recommended as optimum

temperature to maintain quality in both cultivars.

Additional key words: fresh weight, sensory evaluation, weather condition
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Table 1. Production field information of highland areas of Gangwon province, where 8 cultivars of Kimchi cabbage were grown

in 2011.

Cultivar Cultivation region Harvest date Height above sea level (m)
Cheongock (Woori Seed Co.)
Choongwang (Sakata Korea) Gangneung September 6 > 1000
CR-Nongshim (Syngenta Korea)
Ryouckgwang (Nongwoo Bio Co.) Gangneung July 25 700
Sangjanggoon (Sakata Korea) Jeongseon September 6 680
Sooho (Nongwoo Bio Co.) Pyeongchang September 1 700
Superchoongwang (Sakata Korea)

Taebaek September 7 = 900

Younggwang (Sakata Korea)
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Fig. 1. Changes in average rainfall during 20 days cultivation
before harvest of Kimchi cabbage cultivars grown on highland
areas in summer 2011. Arrows indicate the harvest day of
each region. G, Gangneung; J, Jeongseon; P, Pyeongchang;
T, Taebaek.
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Fig. 2. Firmness and soluble solids content of eight cultivars of Kimchi cabbage grown on highland areas. The data presented

the means *
F, Sooho; G, Superchoongwang; H, Younggwang.

standard error (n = 9). A, Cheongock; B, Choongwang; C, CR-Nongshim; D, Ryouckgwang; E, Sangjanggoon;

Table 2. Sensory evaluation of eight cultivars of Kimchi cabbage grown on highland areas of Gangwon province in 2011.

Sensory evaluation rating

Cultivars
Appearance Freshness Texture Sweetness Bitterness

Cheongock 7.29 a* 7.71 a 7.14 a 3.71 bc 1.71 b
Choongwang 8.00 a 771 a 7.14 a 3.71 bc 1.71 b
CR-Nongshim 743 a 7.29 a 6.86 a 514 b 543 a
Ryouckgwang 743 a 7.86 a 7.86 a 714 a 1.71 b
Sangjanggoon 6.71 a 7.29 a 6.57 a 3.00 dc 243 b
Sooho 7.86 a 6.71 a 6.14 a 180 d 525 a
Superchoongwang 740 a 7.00 a 6.60 a 480 b 275 b
Younggwang 740 a 740 a 7.20 a 4.40 bc 340 b

*Mean separation within columns among cultivars by Duncan’s multiple range test at P <
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Table 3. Changes in firmness and soluble solids content (SSC) during storage at low temperature of Kimchi cabbage (cvs.

CR-Nongshim and Ryouckgwang) grown on highland area”.

Firmness (N) SSC (°Brix)
Cultivar S_Fg:f“ge Storage weeks Storage weeks
0 1 2 3 4 0 1 2 3 4

CR- 0°C 112a" 106a 11.0a 104 a 107 a 27 a 26 a 34 a 32 a 35 a
Nongshim 2°C  112a 107a 104ab 109a 102a 27a 26a 28a 28a 30a

5°C 11.2 a 107a 95b 111a 113 a 27 a 2.7 a 3.5 a 3.1 a 3.6 a
Ryouckgwang 0°C 9.8 a 10.3a 82b 85a 84a 29 a 3.0 a 3.7 a 2.8 a 300D

2°C 9.8 a 109 a 109 a 89a 86a 29 a 29 a 35 a 2.7 a 31D

5°C 9.8 a 85b 9.0b 8.7 a 8.7 a 29 a 2.7 a 32 a 25 a 42 a

“The altitude of the production site was 700-1,000 meters above sea level.
YMean separation within columns among storage temperature for each cultivar by Duncan’s multiple range test at P < 0.05.

Table 4. Changes in sensory evaluation during storage at low temperature of Kimchi cabbage (cvs. CR-Nongshim and Ryouckgwang)

grown on highland area®.

Sensory scores

Cultivar Svt/?er:‘l?se Appearance Freshness Sweetness Bitterness
0°C 2°C 5°C 0°C 2°C 5°C 0°C 2°C 5°C 0°C 2°C 5°C
CR- 0 74a 74a74a 73a 73a 73a 51a 51a 51a 54a 54a 54a
Nongshim 1 68a 60a60b 67a 60ab 58b 38ab 35ab 32bc 45ab 42ab 47 a
2 48b 58a 43c 6.0ab 56ab 44c 40ab 50a 44ab b52ab 38ab 48 a
3 43b 6.0a 32c 49bc 51b 44c 37ab 41ab 41ab 39ab 30b 275b
4 36b 36b 14d 38c 44b 36¢ 24b 28b 24c 2.8b 30b 260b
Ryouckgwang 0 59a 59a 59a 79a 79a 79a 71a 71a 71a 1.7ab 17ab 17 a
1 56a 53a 58a 70a 63bc 52b 57 ab 55ab 45b 27ab 23 ab 20a
2 52ab 6.0a 48ab 50b 6.8ab 560b 36 bc 44bc 400D 34a 42a 30a
3 44 ab 60a 44ab 51b 56bc 42bc 4.6 bc 44bc 37D 16b 26ab 36 a
4 40b 50a 38b 48b 52c 36¢ 32c 32c 48b 18ab 14b 18 a

“The altitude of the production site was 700-1,000 meters above sea level.
YMean separation within columns among storage temperature for each cultivar by Duncan's multiple range test at P < 0.05.
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Fig. 4. Examples of storage disorder observed from Kimchi cabbage produced at highland area (about 700 m above sea level)
of Gangneung. A, soft rot of ‘CR-Nongshim’ at 25°C; B, patchy papery necrosis of ‘CR-Nongshim’ at 2°C and 5°C; C, freezing
injury of ‘CR-Nongshim’ at 0°C; D, black discoloration of ‘Ryouckgwang’ at 25°C; E, spot and water soaking of ‘Ryouckgwang’
at 2°C and 5°C; F, shriveling of ‘Ryouckgwang’ at 0°C.
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