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A Study on the Texture and Taste of Kimchi in Various Saltings

Kyung-Ja Woo and Kyung-Hee Koh

Department of Food and Nutrition, Inha University

Abstract

The effects of salting degree of cabbage on the chemical, microbiological, textural changes

and taste of Korean whole cabbage Kimchi fermented at 21°C was studied. Low salted Kimchi
(1.8% NaCl, soaking for 2 hr. in 20% brine) was showed higher total acdity than high salted
Kimchi II (3.1% NaCl, Soaking For 8 hr. in 20% brine) and Il (2.9% NaCl, no soaking in 20%

brine).

The changes in growth of lactic acid bacteria was relevant to the salt content of whole

cabbage Kimchi. Kimchi I was showed higher growth rate of Lactic acid bacteria and slower
death rate constant of Lactic acid bacteria than that of Kimchi II and III.

In palatability test, salty taste of Kimchi I, Ill was more salty than that of Kimchi I (p=
0.01) and total evaluation of Kimchi I, II was more palatable than Kimchi III (p<0.05) at

3rd's day (optimum taste).

Cutting force by Rheometer was well correlated with the salt content of Kimchi.
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Table 1. Composition of total Cell count Medium

Ingredients Amounts

Beef exrtac 5%

Peptone 10g

Glucose 18

Agar 20g

Tap water up to 1,000mi

pH 7.0-7.2 at 25°C

Incubartion Condition : 25°C for 48hr,

r Chiness Cabbages (800g) J

[

f
, Soaking in 20% brine I

—
[ No soaking 20% brine j

[ ]
[ soaking for 2hr. J r soaking for 8hr,

il

[ Washing (3 times) J [ Washing (3 times)

J [ Washing (3 times) 1

l

] draining ’

Adding with Adding with

sub-ingredient

sub-ingredient

Adding with sub-ingredient

and 3% refined salt

I

Kimchi |1

Fig. 1.

Kimchi Il

Flow diagram for Kimchi preparation.
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Table 2. Conditions for cutting test of Rheometer

AYA sl w2 w3229 A7 stel

Range 2 Kg
Sweep speed 15 cm/M
Test speed 5cm/M

Table 3 Composition of sodium azide sugar agar medium

Ingredients Amounts
Sucrose 100g
Tryptone 10g
Yeast extract 58
Agar 20g
Sodium-azide 50 ppm
D-water up to 10.00m!

* 19 Sterile sodium-azide sloution is ddead to giva a final
concentration of 50ppm
Incubation Condition : 37°C for 24 hr.

0.1N NaOHZ pH 8.20%+0, 057} = As| & Ale] &
% %2 A2,

Lactic acid (%)

_ml of 0.1 N NaOH x0.009
weight of sample

(4) ojdE &3

FT, AAE, AEsE WAV F 29 AR
Poured method& # %3] Colony2] & Aol vl#]
ZA4-2 Table 1, Table 2, Table 33} 7t}

6) 42X &F

Az wtaHy F 2% dolrr] 3 Rheo-
meter (FUDOH FRSOI, Japan)Z o] -2 3] Cutting
testE stk ZoluwF2f 3R Foll Sl dE 3 2
cmX3emx0.5cmz | (Fig. 2) & 2}t o) zHe w3k
©.% Table 2¢] =7.22 &4},

(6) 2= HAH

B5AA 248 AN 2mol NEIA 109 e
2 TAEY Ase B3E 2R FolA 3EE AW
ZAYEE 2248 dlojuln FeFEE 2em woly ths
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%7] $2¢ 2cmX2cem 2712 Mo| TnF 4L o
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r_?L
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Fig. 2. Place and size of sample in texture measuring
of cabbage leaf.

(1) Ripeness = gtk Wahe oj= ogich
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(3) salty ok A7 deisich ok ot
(4) Hot taste ]z 4 ~ 7
oFF A et AGs obf g
1 4 7
(5) Texture o 2o R,
! 7
6) Total
© E‘\)/aelluation skol girt Hgab steh gkl Fot

Fig. 3. Sensory sheet of score test in Kimchi taste.

Table 4. Composition of aureomycin-rosebengal agar
Medium

Ingredients Amounts
Peptone 5g
Dextrose 10g
KH,PO, 1.0g
Magnesium Sulfate 0.5g
agar 20g
Aureomycin 20ppm
Rose-bengal 20ppm
D-waterup to 1,000ml

* 1% Rose-bengal solution (sterilized) and 1% Aureomycin
solution are added to give a final concentration of 20ppm

respectively.

Incubation Condition :

t}. B5A71E = Fig. 33 2o}

35°C for 48hr.
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Table 5. Salt content changes of Kimchi during fermentation at 21°C (%)

Days 1 2 4

Samples 6 8 10 Average
Kimchi | 1.45 1.86 1.82 1.80 1.85 1.91 1.8
(Soaking in 20%
brine for 2hr.)
Kimchi 11 2.68 3.02 3.05 3.23 3.22 3.28 3.1
(Soaking in 20%
brine for 8hr.)
Kimchi {11 2.00 2.83 2.98 3.10 3,16 3.30 2.9
{No soaking in 20%
brine)
Ez . Rheometer?] cutting forceX 315 v]aL3l7] Sl &
38 PH R glos, £4% GUBL 1% FIRE TAFAE
[4]
g T; — Acidity vebdidel, 24A 19 49 EL 1.8%, AA I+
F o TeH 3.1%, AR M2 2.9%°] 3w,
1.2} 16 o gz
2. 71x| S E pHe} Atz 9| 3}
1.0t 1° Sl 713 LdE7)7 Fob F Al=e} pHe Wik
Fig. 49} 7}
0.8 14 Pedersong¥2 A9 A= = pHYc} AL (F
A% 2 vlaake ol wheelehy geh pH W
0.6 13 N N
= &7)d F43] @olxlz 64 o] % F3lslo] pH 3.6
0.4 42 o2 A3, QA 1, 10, MY 2]zt A9 ¢le
ubd, A= H3te s4%F 43 s er 1A
0.2+ 11 I, II, I oldlet, & A9 defe] B 214 1o
' wz) xloiaazva °u ey 1%5—}4 8417+ dql 7
g DERES

10(Day)

2 4 6 8
Fermentation Time

Fig. 4. Changes of total acid and pH during Kimchi
fermentation at various salt content.
O Kimchi | {1.8% NaCl, Soaking for 2hr. in 20%
Brine)
* Kimchi Il (3.1% NaCl,
20% Brine)
® Kimchi 11l (2.9% NaCl,
Brine)

Soaking for 8hr. in

No soaking in 20%
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Microbial changes during Kimchi fermentation

at 21°C.

O Kimchi 1 (1.8% NaCl, Soaking for 2hr. in 20%
Brine)

*  Kimchi {1 (3.1% NaCl, Soaking for 8hr. in 20%
Brine)

® Kimchi Il (2.9% NaCl,
Brine)

Fig. 5.

No soaking in 20%

ct,

& 2.7% NaCl, 4.6%
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Fig. 6. Comparison with the change of lactic acid bacte-

ria and total acidity during fermentation at 21°C
O Kimchi | {1.8% NaCl, Soaking for 2hr. in 20%
Brine)
Kimchi 1I (3.1% NaCl, Soaking for 8hr. in
20% Brine)
® Kimchi 111 (2.9% NaCl,
Brine)

*

No soaking in 20%

Table 6. Death rate constant of lactic acid bacteria in

Kimchi
Kimchi *Death rate K, hr=!
(4—6 days)
Kimhci | " 0.05
Kimchi 11 0.08
Kimchi I 0.08

* Death rate constant

HEd) v)ms) £ A3} 2.7% NaCloll A8 Lactoacillus
plantarum B5°] 5.7% NaClollA 2} o] i3] 5

Honl AREEE 443 BaTd olnFoAE

AQJA4F Alste] ik wngch 5 AT A
& olo] gagel Gake Bow AT ARLES}
LUSE AT 38 ARk,

Table 6-& 34 wlo] o}2 Eu3 7139 FAMF
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Table 7. Sensory score test of Kimchi during fermentation at 21°C

days
sample 0 1 2 3 4 6

tastes
| 1.23 2.00 3.54 4.69 5.40 6.15

Ripeness** I 1.54 2,77 3.69 4.54 5.30 6.00
11 1.08 1.54 2.85 4.38 5.20 6.00
I 1.23 1.69 3.31 4.85 5.80 6.23

Sour taste ** mn 1.38 2.77 3.92 4.77 5.30 6.31
1 1.08 1.31 2.69 4.23 5.30 6.31
| 2.54 2.77 3.69 4.23 4.30 5.00

Salty taste NS I 5.15 5.77 5.00 5.31 6.20 6.20

, i 1.85 2,23 3.46 4.70 5.15 5.62

| 2.85 3.54 3.62 4.62 4.77 4.90

Hot taste** I 3.92 4.77 4.54 4.69 5.3 4.90
Hi 1.69 2.23 2.62 3.92 4.0 4.90
,l 3.62 4.23 4.08 4.46 4.50 3.46

Texture NS 1 4,15 4.08 4.38 4.92 5.60 3.86
i 3.69 3.85 3.62 4.31 4.50 4.717
| 2.08 2.92 4.15 5.62 4.70 4.00

Total evaluation 11 2.31 3.08 4.5 5.00 3.60 3.62
11 1.69 2.62 3.31 4.23 4.60 3.62

Kimchi | (1.8% NaCl, Soaking for 2hr. in 20% Brine)

Kimchi 11 (3.1% Nacl, Soaking for 8hr.in 20% Brine0

Kimchi 11 (2.9% NaCl, No soaking in 20% Brine)

** significant at the level 1%

NS No significant difference

AH4EE 2 Tolth A 19 A4t 0.05/ B 5 " A

hr.olg 3, A I, ML 0.08/hr, 2 714 ey &
A AL BACE dded, 29 F7F &
A A SRl S F2 dgkeh 2BinE A3
2 9] FALE Ago] Bl AlES st 234 197
A R} ZAale] gheo] Ealolebn AR},

Table 72 A %717} &<t 424 = (Ripeness), Al
(Sour taste), =i-2-9k(Hot taste), =2 7}H(Texture)
7} %35 7} (Total evaluation) & A3 A4Fo|}
FA A 43 o £ 4 = (Ripeness), Al %(Sour
taste), ©l--3H(Hot taste), &3 7} (Total evalua-
tion) = 1%2] 37t A2 =23 (Texture) 2t 7
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Table 8. Comparison on the sensory score test of Kimchi by Duncan’s Multiple range test
Mean values
Sensory test 0 day 3 day 6 day
Ripeness | 1 L I Tl NS 1 ] NS
1.23 1.54 1.08 4.69 4,54 4.38 6.15 6.0 6.0
Sour taste | 1 111NS 1 1 1INS | I 1INS
1.23 1.38 1.08 4.85 4,77 4.23 6.23 6.31 6.31
Salty taste i i i | 1 H1x* | 1 HINS
1.85 2.54 5.15 4,23 5.15 5.31 5.00 5.15 5.62
Hot taste | 1 IR 1 1 TEE | 1 11INS
2.85 3.92 1.69 4.62 4.69 3.92 4.77 4.62 438
Texture | i IINS 1 1 1INS i ] i
3.62 4.15 3.09 4.46 4,92 431 3.46 3.85 4,77
Total 1 1 i* ] i Hi* | 1 (1INS
evaluation 2.08 2.31 1.69 5.62 5.0 4.23 4.0 3.62 3.62
Kimchi | (1.7% NaCl, Soaking for 2hr. in 20% Brone)
Kimchi 1l (3.1% NaCl, Soaking for 8hr. in 20% Brine)
Kimchi 11l (2.9% NaCl, No Soaking in 20% Brine)

** Gignificant at the elvel 1%
* §Significant at the level 1%
NS No significant difference

gk (Salty) o] frelxbe gigich
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Fig. 7. QDA profile of Kimchi at 0 day.
O Kimchi 1 (1.8%, Soaking for 2hr. in 20%
Brine)
* Kimchi 11 (3.1% NaCl, Soaking for 8hr. in 20%
Brine)
® Kimchi 111 (2.9% NaCl, No-soaking in 20%
Brine)

* Significant at the level of 5%
** Sjgnificant at the level of 1%
NS No significant difference
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Fig. 8. QDA profile of Kimchi at 3 day
O Kimchi 1 (1.8% NacCl, Soaking for 2hr. in 20%

Brine)

* Kimchi 11 (3.1% NaCl, Soaking for 8hr. in 20%
Brine)

® Kimchi Il {2.9% NaCl, ‘No-soaking in 20%
Brine)

** Significant at the level 1%
NS No significant difference
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Ripeness NS

- Lactic acid (%)

0.5+

1 1 i 1 L ! —

2 4 6
Hot taste NS Sour
Fig. 10. Correlation and Regression Analysis between
Fig. 9. QDA profile of Kimchi at 6 day. Sour tast and acidity (% as lactic acid) of
O Kimchi 1 (1.9% NaCl, Soaking for 2hr. in 20% Kimchi
Brine) O Kimchi 1 (1.8% NaCl,- soaking for 2hr. in 20%
* Kimchi 1l (3.1% NaCl, Soaking for 8hr. in 20% Brine)
Brine) *  Kimchi 11 (3.1% NaCl, Soaking for 8hr. in
® <———Kimchi Il (2.9% NaCl, No-soaking 20% Brine)
in 20% Brine) ® Kimchi 11 (2.9% NaCl, No-soaking in 20%
* Sifgnificant at the level 1% Brine)
NS No significant difference. r is significant at the level 0.1%

Table 9. Correlation coefficient of Sour taste and lactic acid during Kimchi fermentation

Day Correlation

Group 0 1 2 3 4 6 coefficient (r)
sour taste 1.23 1.69 3.31 4.85 5.80 6.23

Kimchi 1 0.973%*x
lactic acid (%) 0.16 0.53 0.72 0.95 1.17 1.20
sour taste 1.38 2.77 3.92 4,77 5.3 6.31

Kimchi i 0,973 *%**
lactic acid (%) 0.17 0.41 0.61 0.90 1.05 1.02
sour laste 1.08 1.31 2.69 4.23 5.30 6.31

Kimchi 111 0.959% %%
lactic acid (%) 0.1 0.35 0.51 0.77 0.90 0.90

Kimchi |  (1.8% NaCl, Soaking 2hr, in 20% Brine)
Kimchi [1  (3.1% NaCl, Soaking 8 hr. in 20% Brine})
Kimchi i1l {2.9% NaCl, Soaking in 20% Brine)

*** Significant at the leval 0.1%
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! 2 3 4 S 6 (Day) Fig. 12. Correlation and regression analysis betweeen
Fig. 11. Changes of Cutting force during Kimchi ferment- cutting force and salt concentration (%) of

atopm at 20°C,
O Kimchi | (1.02% NaCl Soaking 2hr. in 20%

Brine)

* Kimchi 11 (2.95% NaCl Soaking 8hr. in 20%
Brine)

® Kimchi 11l (2.88% NaCl , No soaking in 20%
Brine)

Kimchi. .

O Kimchi | (1.8% NaCl,
20% Brine)

* Kimchi Il {3.1% Nacl, Soaking for 8hr. in
Brine)

r is significant at the level 5%

Soaking for 2hr. in

Table 10. Correlation coefficient of cutting force and salt concentration of Kimchi during fermentation at 21°C

Day Correlation
Sample 0 2 3 4 6 coefficient
I Cutting force (g/fcm?) 98 131 153 212 234
Salt (%) 1.13 1.30 1.31 1.38 1.48 0.945%
1 Cutting force (g/cm?) 131 236 245 227 259
k%
Salt (%) 2.32 3.13 3.13 2.95 3.22 0.994
11 Cutting force (g/fcm?) 90 235 254 261 2.57 0.850™
Salt (%) 2.43 2.81 2.86 3.02 3.28
Kimchi | (1.8% NaCli, Soaking for 2hr. in 20% Brine)
Kimchi Il (3.1% NaCl, Soaking for 8hr. in 20% Brine)

Kimchi 111 (2.9% NaCl, No soaking in 20% Brine)
*k Significant at the level 0.1%
* :  Signfiifcant at the level 5%

NS No significant difference

o, & qdgkeke] visty AU @8 AA I, W fadbA Folch, 7K 1€ 1, =0.9452 5% §-9], 2]

Atololl & ake] 7k gigi et A 1€ 1,=0.994E. 0. 1% Fol2E Bdx, A M2
Table 10-& =A%t 93§+ Cutting forceshd] 4 £:=0.8500.2 A AL AxA & A= g 3
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