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Changes in Some Characteristics of Brined Chinese Cabbage
of Fall Cultivars During Storage
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*Department of Dairy Science, Sung Kyun Kwan University

Abstract

Fermentation characteristics and microbial changes during storage of brined Chinese cabbage were
investigated. Ten Chinese cabbage cultivars harvested in fall were brined and stored at 0C and 10T.
The decrease in pH and increase in total acidity during storage were different in their tendency
among the varieties. Microbial growth including lactic acid bacteria was more active at 10C and most

active in ‘Noranmat’

. The reduction of their reducing sugar contents during storage resulted in slow

fermentation of kimchi prepared with those cabbage stored. From the results of sensory evaluation
on kimchi prepared with each brined Chinese cabbage cultivar in storage, ‘Keunyureum’ among the

cultivars stored at 0C received the highest points on preference. But, at 10T, ‘Sinkiwon’
received the lowest points.

the highest points and "Noktab’

received
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Table 1. Changes in pH and total acid content of 3%
brined Chinese cabbage of fall cultivars during storage
at 0°C
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Table 2. Changes in pH and total acid content of 3%
brined Chinese cabbage of fall cultivars during storage
at 10°C

Storage period(days)

Storage period(days)

Cultivars Cultivars
0 14 21 32 0 7 12 20 27 41
Noktab 6.05* 5.87 5.96 5.67 Noktab 6.05* 436 441 393 382 370
0.11)** (0.16) 0.14) 0.17) (0.11)**(0.34) (0.34) (0.54) (0.61) (0.62)
Chungsan 6.16 6.16 6.18 6.09 Chungsan 6.16 464 414 403 390 3.87
0.09) 0.13) 0.11) (0.13) 009 (0.24) (043) (0.59) (0.56) (0.62)
Keosung 6.14 6.08 597 5.96 Keosung 614 465 483 413 391 387
0.09) (0.10) 0.10) (0.14) 0.09 (0.26) (0.25) (0.45) (0.54) (0.55)
Olympic 594 5.85 5.87 5.75 Olympic 594 472 441 425 397 396
0.12) (0.15) 0.13) 0.16) (0.12) (0.28) (0.33) (0.46) (0.61) (0.65)
Lipdong 6.05 6.05 6.01 5.62 Lipdong 605 462 408 382 384 389
0.11) 0.10) 0.1 0.16) (0.11) (0.28) (0.55) (0.61) (0.60) (0.61)
Karaksin-1 6.11 6.12 6.04 490 Karaksin-1 6.11 436 419 39 388 3.88
0.08) 0.11) 0.11) 0.22) (0.08) (0.34) (0.43) {(0.51) (0.60) (0.61)
Taebok 6.13 6.04 6.06 5.70 Taebok 613 440 415 396 382 388
0.08) 0.13) (0.11) 0.13) (0.08) (0.33) (0.49) (0.53) (0.59) (0.59)
Sinkiwon 6.11 6.10 5.94 4.63 Sinkiwon 6.11 421 393 383 39 379
0.07) 0.10) 0.1D 0.26) (0.07) (0.35) (0.55) (0.56) (0.63) (0.61)
Keunyureum 6.06 591 5.81 5.78 Keunyureum 6.06 551 418 401 400 411
0.11) 0.14) 0.16) (0.16) (0.11)  (0.19) (0.43) (0.54) (0.53) (0.52)
Noranmat 6.11 6.15 5.46 4.90 Noranmat 611 415 398 394 382 387
(0.09) 0.09) (0.15) 0.21) (0.09) (043) (049) (0.60) (0.66) (0.62)
*pH *pH

**Data in parenthesis are total acid content as lactic acid
(%, w/w)
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Table 3. Changes in total viable cell count of 3% brined
Chinese cabbage of fall cultivars during storage at
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Table 5. Changes in lactic acid bacteria cell of 3%
brined Chinese cabbage of fall cultivars during storage

0°C (unit: cfu/m/) at 0°C (unit: cfu/ml)
) Storage petiodidays) Storage period(days)
Cultivars — Cultivars
0 14 21 32 0 14 21 32

Noktab 12X10°  6.0X10° 4.8X10° 20X 10 Noktab 1.0X10° 19X10* 25xX10° 14X%X10®
Chungsan 1.6X10°  33X10° 42x10° 44x108 Chungsan 68x10*  68X10* 43X10° 4.4X%10°
Keosung 31X10°  4.8X10° 28X%10° 95X10° Keosung 70X10°0  28X10* 48X10* 56X10°
Olympic 27X105  15X10°  89X10° 3.5X10¢ Olympic 9.0Xx10° 52X10* 55X10° 33X10°
Lipdong 11X108  16X106 24x10° 1.7X107 Lipdong 80x10° 4.4X10* 1.3X10° L7X10°
Karaksin-1 20X10°  29x10°  2&X107 22X10° Karaksin-1 18X104 22X10° 24X107 18X10°8
Taebok 20X105  86x10° 3LX10° 3.8x10° Taebok 89X10* 11X10° 4.0X10°7 25x10°
Sinkiwon 15X108  99x10° 3.0x10° 2.6Xx108 Sinkiwon 1.5X10*  6.8X10° 40X107 23x10°
Keunyureum 36X10° 15X10° 42X10° 55X107 Keunyureum 80X10° 22x10* 21xX10* 4.7X107
Noranmat 85X10°  34X10°  24Xx10% 27Xx10% Noranmat 19X10*  23X10°  13X10° 29X108

Table 4. Changes in total viable celi count of 3% brined Chinese cabbage of fall cultivars

during storage at

10°C (unit: cfu/mi)
Cultivars Storage period(days)
0 7 12 20 27 41

Noktab 1.2X10° 1.3X10* 1.3% 10 25X 10° 25X 10% 1.0x 108
Chungsan 1.6X 108 6.4 10° 55% 10 62X 10 44X%10° 1.8X10%
Keosung 31X 10° 6.6 X< 10 2.5 X 10% 42X 10° 25X 108 8.9X10°
Olympic 27X 108 55X108 34 % 10° 2.8 108 1.4X%10° 9.7 X107
Lipdong 1.1 X100 6.6X10° 1.9x1¢¢ 1.8 10% 1.4 X 10% 7.7 X107
Karaksin-1 2.0X10° 7.3 108 2.6 X 10% 45%10° 25X 108 6.5X107
Taebok 20X 10° 55X 10% 3.8% 10 2.7X10% 1.2x108 1.0X108
Sinkiwon 1.5X10° 6.5X 108 53X 10 1.6 10% 1.6x10° 4.4 X107
Keunyureum 3.6 10° 9.3X10° 58X 10° 3.0%10% 3.1X108 8.2X10°
Noranmat 8.5 X 10° 1.2X10° 3.6X10° 1.9x 108 3.1X10% 1.1x10%
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Table 6. Changes in lactic acid bacteria cell of 3% brined Chinese cabbage of fall cultivars during storage at

10°C (unit: cfu/mf)
Cultivars Storage period(days)
0 7 12 20 27 41

Noktab 1.0X 10° 9.1Xx 108 1 2% 10q 20X 108 2.2X10* 1.3x10*
Chungsan 6.8%10* 3.2X10% 6.0 X 10% 3.9x10° 50x10% 1.7x10%
Keosung 7.0x10° 5.0x10% 2.7X 108 3.9x108 2.5X10% 9.1x107
Olympic 9.0x10° 4.8%10% 3.0X10° 2.7 X108 1.4 X 10% 9.6 X107
Lipdong 8.0x 10" 6.6 108 1.8 107 1.4X10° 1.2X10% 7.8 X107
Karaksin-1 1.8X10* 6.5X10° 2.1 X 10% 45X 10° 24X 108 52X 107
Taebok 8.9x10* 2.7X10% 4.2 X108 2.1X10% 1.6X10% 1.1x10?
Sinkiwon 1.5X10% 6.0Xx10% 4.8X108 14X 10% 1.3x 108 5.6Xx107
Keunyureum 8.0x10* 1.4x10% 6.0 108 2.6 X108 2.8X10% 8.4 X107
Noranmat 1.9x10* 7.0X10° 3.0x10% 1.8 10% 3.2X10% 1.0Xx 108

Table 7. Color change and gas production observed
during storage of 3% brined Chinese cabbage of fall
cultivars at 0°C and 10°C

Color change Gas production

Cultivars - - -
ocC 10C 0cC 10C
Noktab NCV 20* NpP? 12
Chungsan NC 20 28 8
Keosung NC 20 NP 12
Olympic NC 12 NP 8
Libdong NC 20 NP 8
Karaksin-1 NC 12 NP 8
Taebok 28 20 NP 8
Sinkiwon NC 12 NP 12
Keunyureum NC 12 NP 12
Noranmat NC 12 28 12

UNC: Not changed for 28 days storage

INP: Not produced for 28 days storage

*Data indicate storage period of 3% salted chinese cab-
bage cultivars
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Table 8. Final reducing sugar content of 3% brined
Chinese cabbage of fall cultivars after storage at 0°C
and 10°C for 14 days and pH of their kimchi sam-
ples

reducing sugar

content(mg/g) pH
Cultivars - -

oc 10C 0cC 10T
Noktab 14.0 9.7 391 4.10
Chungsan 14.1 7.6 3.94 4.14
Keosung 14.7 129 4.00 421
Olympic 139 8.9 3.89 4.18
Lipdong 9.8 6.3 3.87 4.24
Karaksin 11.3 9.0 3.99 4.17
Taebok 11.6 6.1 3.93 4.33
Sinkiwon 135 8.2 3.84 4.20
Keunyureum 13.1 94 3.99 4.25
Noranmat 11.7 8.7 4.03 4.10
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Table 9. Sensory evaluation* of kimchi prepared with 3% brined Chinese cabbage of fall cultivars stored at 0°C

for 14 days
. Cultivars

Attributes

Noktab  Chungsan Keosung Olympic Lipdong Karaksin-1 Taebok Sinkiwon Keunyureum Noranmat
Juiciness 6.7£15 66+13 62+ .1 69+10 62+t15 65t07 59+ 14 59+ 16 6.7£16 6.0+ 1.1
Sourness 6.1+ 15 63+15 57109 62+18 6517 57+13 60+12 61+t16 6518 55+ 18
Saltiness 69+1.0 70+08 65+ .1 71+11 72+09 65+12 7011 70+09 74%t12 6.8+ 1.1
Off-flavor 57£20 61+18 51+ 17 66+22 60+21 56+18 54+ 16 54+21 63t17 551 2.1
Firmness 60%+21 54+28 53+ 19 59+14 50+27 56+20 54+ 19 5016 62+24 56+20
Color** 6.5+ 1.7 55+ 1.5™ 45+ L1 6.4+ 1.3 56+ 14> 46+ 1.2° 49+ 1L.0F 57+ 1.2% 75+ 1.0¢ 6.3+ 1.2%
Preference 62+13 6.1+£22 54+ 17 65+13 60£23 58+t11 59+14 61t14 68+£18 59+19

*Sensory test (very good, 9; acceptable 5;
deviation
**Means with same superscripts in a row are not

significantly different (P<0.001)

very poor, 1) by n=10 persons, and points were expressed as mean standard

Table 10. Sensory evaluation* of kimchi prepared with 3% brined Chinese cabbage cultivars stored at 10°C for

14 days

. Cultivars
Attributes — . — .

Noktab  Chungsan Keosang Olympic Lipdong Karaksin-1 Taebok Sinkiwon Keunyureum Noranmat

Juiciness 41+19 60+15 51+14 48+13 54113 50%12 54+21 66+08 52+20 52+ 21
Sourness 54+ 17 63£15 45*+22 53x16 61+17 53+21 63+ 18 64t16 64*+19 57+ 18
Saltiness 51+17 59%+17 50*+16 50+£18 58+16 56+17 63+13 56t15 5L7+21 58+ 14
Off-flavor** 45+ 1.8™¢ 56+ 14 42+ 129 37+ 11¢ 57+ 12% 52+ 14 60+ 08 63£12* 53+ 2.1% 51+ 1.3%
Firmness 43+22 56x17 50+x15 37x17 47118 49+t14 59+19 60x16 41+22 45+ 21
Color*** 37£21" 61+13 60118 43117 43+18 36+18" 63+ 17" 62+21" 63+ 13 48+ 19®
Preference**4.1+ 1.78 62+ 14* 51+ 12% 43+ 16> 52+ 17 51+ 13" 61+ 17 64+t 10° 54+ 20" 50+ 0.9*

*Sensory test; refer to Table 9.
** #**Means with same superscripts in a row are

not significantly different (**P<0.01, ***P<0.001)
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