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Abstract

The effects of CaCly, K-sorbate, and fermented fish sauces and blanching on the texture of Chinese cabbage
of Kimchi were evaluated. The addition of salt-fermented shrimp or salt-fermented anchovy accelerated the pH

reduction, acidity increase and reducing sugar consumption, but K-sorbate, Ca-chloride and blanching suppress-
ed the ripening process of Kimchi. The latter retarded the softening rate of Chinese cabbage during Kimchi
fermentation, as demonstrated by the cutting force, compression force, recovered height and work ratio. The-
sensory evaluation confirmed the results of instrumental texture measurments. The instrumental measurements,
i.e. pH, acidity cutting thickness, cutting force and compression test parameters, showed acidity acidity was cal-
culated as % lactic acid attributes, i.e. the preferences for taste, appearance and texture, and the level of cri-
spiness, hardness, chewiness and fibrousness. The pH of Kimchi was appeared to be an important quality para-

meter, whiih had significant correlations with the taste, appearance, chewiness, hardness, fibrousness and cris-
piness.
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Table 1. Composition of Kimchi ingredients

Ingredients (scientific name Distribution (%)

Salted Chinese cabbage t Brassica pekinesis) 83.5
Garlic (Allium sativum:’ 1.0
Green onion (Allium fisstulosum) 3.0
Ginger (Zingiber officinale: 1.0
Red pepper powder (Capsicum annuum) 1.0
Sugar 0.5
Water 10.0
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Table 2. Additives and blanching treatment of Kimchi
samples

Sample No. Additives and blanching treatment

control  Kimchi

control <60 X5min

salt-fermented shrimp sauce (3.3%)
salt-fermented anchovy sauce (3.3%)
K-sorbate (0.1%)

K-sorbate (0.1%) +60°C X 5min
*Ca-chloride (0.1%)

*Ca-chloride (0.1%) +60T X5min
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Table 3. Changes of pH, total acidity and reducing sugar cotent during the fermentation of various Kimchi at 20°C

Kinds of sample

Fermentation Period (days)

2 3 4 5 6

pH 6.10 4.75 4.20 4.03 4.00 3.98 3.95
Control TA 0.18 0.40 0.62 0.83 0.85 0.85 0.90
RS 2.80 2.60 2.36 1.88 1.71 1.63 1.44
pH 6.05 4.95 4.25 4.05 4.05 4.00 3.98
Control+60C X 5min TA 0.18 0.32 0.55 0.76 0.83 0.85 0.85
RS 2.56 2.30 2.00 2.00 1.85 1.80 1.54
pH 6.20 5.00 4.20 4.10 3.98 3.95 3.95
Shrimp TA 0.15 0.45 0.70 0.70 0.85 0.92 0.95
RS 2.93 2.40 1.80 1.72 1.65 1.54 1.35
pH 6.00 4.70 4.15 4.00 3.95 3.95 3.95
Anchovy TA 0.14 0.47 0.73 0.88 0.95 0.98 1.00
RS 2.86 2.38 1.75 1.69 1.45 1.40 1.30
pH 6.15 5.00 4.35 4.20 4.17 4.15 4.10
K-sorbate TA 0.19 0.30 0.50 0.67 0.75 0.75 0.78
RS 2.60 2.52 2.45 2.23 1.10 1.98 1.90
pH 5.95 5.00 4.70 4.31 4.29 4.20 4.20
K-sorbate +60C X 5min TA 0.16 0.25 0.48 0.70 0.72 0.75 0.75
RS 2.58 2.45 2.45 2.30 2.4 2.00 1.9
pH 6.18 5.15 4.40 4.32 4.30 4.20 4.15
Ca-chlonde TA 0.18 0.25 0.46 0.68 0.70 0.72 0.75
RS 2.65 2.57 2.41 2.27 2.00 1.88 1.82
pH 6.10 4.75 4.40 4.30 4.30 4.25 4.18
Ca-chloride +60C x5min TA 0.19 0.20 0.45 0.64 0.68 0.70 0.68
RS 2.48 2.38

2.30 2.30 2.15 2.00 1.85

TA: total acidity was calculated as % lactic acid
RS: reducing sugar (g/100 g)
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Table 4. Changes in the cutting thickness, and the first, second and third cutting forces during the fermentation of
various Kimchi at 20°C

Kinds of samples Fermentation Period (days)

0 1 2 3 4 5 6
T 0.60 0.55 0.52 0.45 0.45 0.40 0.32
1 2.82 3.75 2.70 1.90 1.65 1.50 1.50
Control
2 2.96 4.36 3.65 2.60 2.45 2.10 1.98
3 2.36 5.30 4.25 3.03 2.04 2.00 1.70
T 0.58 0.55 0.54 0.50 0.45 0.40 0.36
1 2.36 .2 3.00 .6 1.98 1.90 1.7
Control+60C X 5min 3.25 2.64 S
2 3.80 4.54 4.00 2.90 2.53 1.96 1.85
3 2.84 5.32 4.00 3.15 3.00 2.50 2.00
T 0.60 0.58 0.50 0.44 0.38 0.32 0.30
. 1 3.00 3.70 3.10 2.00 1.60 1.45 1. 40
Shrimp
2 2.65 4.25 3.50 2.70 2.40 2.00 1.90
3 2.69 4.88 4.00 2.60 2.15 1.90 1.90
T 0.62 0.58 0.52 0.40 0.35 0.35 0.30
1 3.14 3.65 3.15 1.96 1.50 1.40 1.40
Anchovy
2 2.68 4.15 3.40 2.50 2.25 2.00 1.85
3 2.55 4.80 4.10 2.50 2.00 1.85 1.45
T 0.55 0.55 0.50 0.48 0.45 0.40 0.35
1 2.68 3.70 3.00 2.88 2.16 2.00 1.90
K-sorbate
2 2.90 4.40 4.15 3.00 3.00 2.60 2.54
3 2.80 5.15 4.65 3.25 3.10 2.45 2.10
T 0.56 0.55 0.54 0.50 0.48 0.42 0.37
2. . .85 .00 2. 2.1 2.
K-sorbate +60C x 5min ! 50 4.00 3.8 3 % 5 00
2 3.80 4.53 4.00 3.75 3.50 2.98 2.63
3 3.25 5.00 4.72 4.00 4.00 2.15 2.10
T 0.62 0.60 0.55 0.50 0.46 0.44 0.40
. 1 2.45 3.86 3.80 2.70 2.65 2.20 1.96
Ca-~chloride
2 3.00 3.96 3.54 3.50 3.40 3.00 2.35
3 2.50 4.85 4.50 4.25 4.10 1.96 1.90
T 0.60 0.55 0.52 0.50 0.45 0.42 0.38
2. . . . . .10 .
Ca-chloride +60°C X 5min 1 04 3.9 3.90 2.15 2.60 2.1 2.00
2 3.65 4.25 4.00 3.45 3.50 3.02 3.00
3 2.45 4.70 3.90 4.50 3.96 1.90 1.90
T: Thickness of cabbage leaf stalk. (cm)
1: First cutting force (kg force)
2: Second cutting force
3: Third cutting force
3. AASHE HA IO 8 X2t x|Ee| W} sl o} olzled 3u work ratiot 4] =
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Table 5. Changes in compression force, recovered height and work ratio during the fermentation of various Kimchi

at 20°C

Fermentation Period (days)

Kinds of samples

0 1 2 3 4 5 6
1 5.45 5.00 4.10 3.20 2.95 2.60 2.00
Control 2 0.50 0.40 0.32 0.25 0.20 0.18 0.15
3 0.60 0.52 0.45 0.38 0.35 0.30 0.24
1 6.00 5.25 4.20 4.00 3.10 2.75 2.05
Control+60C x5mim 2 0.50 0.45 0.40 0.29 0.28 0.25 0.20
3 0.62 0.54 0.50 0.38 0.38 0.35 0.30
1 5.25 5.00 4.00 3.15 2.80 2.60 1.95
Shrimp 2 0.48 0.40 0.30 0.24 0.18 0.15 0.15
3 0.60 0.50 0.44 0.35 0.32 0.25 0.20
1 5.60 5.10 3.85 3.10 2.80 2.50 2.00
Anchovy 2 0.52 0.42 0.30 0.22 0.18 0.15 0.14
3 0.58 0.50 0.40 0.33 0.30 0.20 0.18
1 5.30 5.20 4.40 4.05 3.50 2.95 2.35
K-sorbate 2 0.50 0.45 0.42 0.35 0.30 0.28 0.25
3 0.60 0.54 0.50 0.48 0.45 0.43 0.32
1 5.60 5.25 4.30 4.10 3.45 3.00 2.50
K-sorbate +60TC X 5min 2 0.45 0.42 0.38 0.35 0.32 0.30 0.28
3 0.58 0.56 0.52 0.45 0.44 0.40 0.35
1 5.75 5.30 4.02 3.85 3.40 3.35 2.55
Ca-chloride 2 0.52 0.45 0.40 0.38 0.35 0.30 0.25
3 0.55 0.55 0.54 0.50 0.45 0.45 0.40
1 5.70 5.30 4.30 4.15 3.50 3.20 2.50
Ca-chloride +60C *x 5min 2 0.45 0.42 0.36 0.34 0.34 0.32 0.30
3 0.58 0.54 0.54 0.48 0.45 0.40 0.40

1: Compression force Kg/cm?
2: Recovered height (cm)
3: Work ratio

Ca-chloride+60°C X5min (4, 30)+ ¢ K-sorbate+
60°C X5min (4, 30)7E ®lz#® =& el K-sor-
bate (4, 40)7} 7} B s3olddx, A¢AT(1.95)
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Table 6. Comparisons of sensory qualities of Kimchi with control sample after the second and 4th days of fermen-

tation
. Sour Salty Carbonated Off- Appear-
Kinds of samples taste taste taste flavor Texture ance Mean
2nd 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Control
4th 3.00 3.00 3.00 3.00 3.00 3.00 3.00
2nd 3. . .57 .20 .52 . 2.
Control+60% X Smin n 13 3.15 2.5 2 2 2.40 66
4th 3.00 3.20 2.83 2.47 3.00 2.92 2.90
. 2nd 2.95 3.10 3.15 3.08 2.95 2.9 3.02
Shrimp
4th 2.85 3.00 2.38 2.85 2.43 2.14 2.60
2nd 2.80 2.98 3.10 3.05 2.90 2.85 2.94
Anchovy
4th 2.74 3.05 2.90 2.70 2.17 2.05 2.60
2nd 3.20 2.90 2.68 2.74 3.4 3.10 2.96
K-sorbate
4th 3.35 2.95 2.80 3.20 3.20 3.35 3.14
2nd 2.86 2.85 2.54 2.24 2.80 2.64 2.65
K-sorbate +60C X 5min m
4th 3.40 2.90 2.45 3.00 3.32 3.00 3.01
. 2nd 3.08 2.90 2.35 2.89 3.20 3.20 2.93
Ca-chloride
4th 3.28 3.10 2.75 2.95 3.45 3.43 3.16
Ca-chloride +-60T X 5mi 2nd 3.10 3.10 2.50 2.20 3.00 2.86 2.79
-chlon min
2 ¢ #th 325 3.6 2.65 298 3.40  3.37  3.13

*by multiple comparison test
*amount of difference
1: very poor, 2: poor, 3: moderate, 4: good, 5: excellent
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Table 7. Sensory score for the texture parameters of various Kimchi after the second and 4th days of fermentation
(the scores for the control Kimchi is 0}

Kinds of samples Hardness Crispiness Chewiness Stiffness Mean
2nd 0 0 0 0 0
Control
4th 0 0 0 0 0
. 2nd 0.54 0.45 1.30 1.04 0.60
Control +60C X 5min
4th 1.35 1.03 1.36 1.45 1.29
. 2nd 0.56 -0.37 1.06 0.02 0.03
Shrimp
4th -2.42 -1.86 -1.25 -1.01 -1.62
2nd -1.03 -0.14 0.98 0.12 -0.01
Anchovy
4th -2.18 -2.90 -1.56 -1.95 -2.14
2nd 1.31 0.15 1.45 2.29 1.30
K-sorbate
4th 2.54 2.36 2.00 2.36 2.31
. 2nd 2.06 0.05 2.06 0.08 1.06
K-sorbate +60C X 5min
: 4th 2.89 2.32 2.12 2.07 2.35
. 2nd 2.97 1.16 1.50 1.25 1.72
Ca-chioride
4th 3.26 2.03 3.03 3.00 2.83
2nd 2.54 0.36 1.50 1.25 1.72
Ca-chlonde +60C x 5min
4th 3.30 0.77 3.4 2.36 2.39

Table 8. Correlation coefficients between the instrumental quality parameters and the sensory quality attributes of

Kimchi

Sensory sour salty carbonat- off- text- appear- hard- crispi- chewi- stiff-
instrumental taste  taste edtaste flavor ure ance ness ness ness ness
pH 2nd - - - - - - 0.73* - 0.77* -
4th 0.91** - - - 0.90** 0.79* 0.92** 0.79* 0.93** 0.89**

Acidity 2nd - 0.74* -0.95** - - - -0.90** -0.70* - -
4th  -0.92** - - —  -0.93** -0.85** -0.91** -0.83* -0.94** -0.93**

Reducing Sugar | 2nd - - - - - - - - - -
4th - - - - - - - - - -

Cutting Force 2nd - - - - - - - - - -
4th 0.86%* - - - 0.94%* 0.88%* 0.88** 0.77* 0.84** 0.88**

Ist 2nd - - - - - - 0.80* - 0.76* -
Cutting Force | 4y, | g o+ - - ~ 0.89** 0.80% 0.94** 0.81* 0.95** 0.92**
2nd 2nd - - - - - -~ - - - -
Cutting Force | 4 | g gpor - - — 0.86** 0.76* 0.90** 0.77* 0.90** 0.93**
Compression 2nd |- - - - - - - - - -
Farce 4th | 0.98** - - -~ 0.90** 0.88** 0.96** 0.89** 0.95** 0.94**
Recovered 2nd 0.71* - - - - - - - - 0.80*
Height ath | o.grer - - —  0.89%* 0.85"* 0.97** 0.85** 0.98** 0.95**
Work Ratio 2nd - - - - - - 0.94** 0.73* - -
4th 0.97** - - - 0.94%* 0.91** 0.98** 0.92** 0.97** 0.97**

* ; 5% significant level
**. 1% significant level
- non-significant
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