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Optimal Conditions for Mechanized Salting Process of Salt-Inserting
Method for Winter Cabbage to Produce Kimchi
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Abstract

This study was carried out to develop a standard methods of mechanized salt-inserting salting process for winter
cabbage to produce kimchi. Mid or large scaled mechanized kimchi plants were surveyed to select dominant variables
of the mechanized salting process. Salt concentration of salting water, salting time and dewatering time were selected
as the dominant variables of the salting process. A series of laboratorial experiment was performed with winter
cabbage to determine desirable conditions for the variables. A supplementary experiment with cabbages of the other
seasons was executed also to compare the determined conditions each other. Finally the determined conditions of
the salting process were tested by plant scale experiments with winter cabbage and proved their validity.
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Table 1. Specification of the salting machinery used for the
validation tests

. Size - Power Water flow .
Machine used WALHH (mm) Capability &W)  (Ljmin) Material

Salty 3 sus”
Watr Mier 609258041200 42m’ 08 0
Salty Water 9 50060 00042400 96 ' 22 SUS 304
Tank
Prewasher  900%1,800%850 10 Omof g g qus 30
cabbage/hr
Salting Tank 1,360%2,840%1,000 I ton of SUS 304
cabbage
Water-Air P 2 ton of
Washer LOOO4G501.450 ey 61 120 SUS 304
¥f£ Wash ) a0v1 7404850 17 o 50 SUS 304
SUS: Stainless steel.
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Fig. 2. Measuring points of the concentration of salt for a bisected
cabbage (unit : mm).
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Table 2. Results of the fundamental experiments for salting winter
cabbages

Salting condition” Ist experiment 2nd experiment

A% B@m) C@&) UOS’ %) FCS'(%) UOS’ (%) FCS'(%)

4 473 14 67.1 13

8 8 67.4 12 438 L5

12 592 1.0 463 1.0

4 433 19 462 19

6 12 8 4.0 16 45.1 L6
12 484 14 469 L1

4 46.4 24 404 23

16 8 49.3 17 39.0 21

12 42.6 1.8 48.7 20

4 459 1.8 48.7 1.8

8 8 571 1.4 359 L5

12 416 1.3 531 1.3

4 412 20 389 22

10 12 8 39.1 21 331 20
12 471 1.7 444 1.6

4 40.4 23 41.8 34

16 8 450 20 559 25

12 384 1.8 49.0 1.6

”A concentration of salt water, B: duration of salting process, C: duration of ~dewatering.
2U0s: uniformity of salting evaluated by CV (coefficient of variation) of salt
concentratlon at various location of a bisected cabbage.

YFCS: final concentration of salt.
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Table 3. ANOVA of the fundamental experiments for salting
winter cabbages

Ist experiment 2nd experiment

N
Source of variation”

Uos’@%) FCS' (%) U0S’(%) FCS'(%)

A * * Ns *
B *kk kkk NS dkk

C * * NS *
A*B NS NS NS NS
A*C NS NS NS NS
B*C NS NS NS NS
A*B*C NS NS NS NS

1): same as specified on Table

PUOF: uniformity of salting as speclﬁed on Table 2, where *: level of significant,
NS: not significant.
JFCS: final salt concentration, where *: level of significant, NS: not significant.
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Table 4. Results of Duncan’s multiple range tests of the
fundamental experiments for salting winter cabbages

Ist experiment 2nd experiment

Exp. variable Level
P vor”  Fc?  UOF’  FCS?
a b a b
Concentration of 6 4938 L6 410 L6
salt water (%) 10 4“6 18 4“5 20
a b a b
Duration of 8 54.1b 14 492 1.4b
salting process 12 438 1.8 458" 17
(br) 16 Br 20° 04 23
b a a a
Duration of 4 44.1 19 472 2.1
dewatering 8 503" 1.7 Qr 19
(hr)

12 472" 15 48.1° 14°

" and ?: same as specified on Table 2.
Superscript letters are results of the Duncan’s multiple range test.
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Table 5. Results of the fundamental experiments for salting cabbages
to produce kimchi performed with various seasonal cabbages

. .. 1 Spring field  Summer mountain Fall field
Salting condition cabbage cabbage cabbage
B vos” Fcs” uvos? Fcs”  uos”  ECS)

A c
(%) (hr) (%) (%) (%) (%) (%) (%)
Yes 558 16 61 28 607 LI

5 No 569 21 573 2.6 532 12

Yes 472 29 613 32 794 20

o b No 503 21 526 36 56.4 1.1
Yes 497 21 364 39 45.8 1.8

10 No 543 20 59.6 28 613 1.4

Yes 603 22 347 31 64.4 1.8

’ No 593 27 448 32 66.5 1.3

Yes 614 25 530 32 334 20

0B No 565 28 499 32 48.0 1.8
6 Yes  49.6 23 425 35 59.1 23

No 541 24 45.6 35 61.8 1.6

)A concentration of salt water, B: duration of salting process, C incising cabbages.
yos: uniformity of salting evaluated as specified on Table
JFCS: final concentration of salt.

Table 6. ANOVA of the fundamental experiments for salting cabbages
to produce kimchi performed with various seasonal cabbages

Spring field Summer mountain Fall field
SOL}TC? Olf cabbage cabbage cabbage
TR R U0 RS UOP KOS
A NS * * NS NS NS
NS * ok NS NS NS
C NS NS NS NS NS NS
A*B NS NS NS NS * NS
A*C NS NS NS NS NS NS
B*C NS NS * NS NS NS

A*B*C NS NS NS NS NS NS

: same as specified on Table 5.
? and ¥: same as specified on Table 3.
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Table 7. Results of Duncan’s multiple range tests of the
fundamental experiments for salting cabbages to produce kimchi
performed with various seasonal cabbages

Fall field
cabbage

Summer mountain
cabbage

vor’  Fcs? UOF! Fcs®  UoF RSP

Concentratio 6%  524°  21° 532 31 595 14
n of salt

) Spring field
Experimental | o cabbage
Variable

water 10% 569" 25 469" 33 55.5° 1.8
. 8hr 581 22 585" 30° 612" 14

Duration of .

salting Rh 538 228 439 33 54.3° L7

process

60 519" 26 417 34 5700 1§
Incsing Yes 5400 23 516 33 5110 18
cabbage No 552° 24 485 31° 519 14

D and ?: same as specified on Table 2. Superscript letters are results of the Duncan’s
multiple range test.
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Table 8. Comparison of laboratory experiments with plant
experiments

Duration of salting Uniformity of salting (%) Final concentration of salt (%)

(br) LE” Plant test LE" Plant test
12 46.1 64.4 19 09
16 9.7 589 2.1 1.1

"LE : Lab scale experiments.
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Table 9. Salting result in the plant experiments

. P Final salt
Type of kimchi C(S):ﬁeig?;?; )Of Ugalft?nmnt(); ;) J concentration
o g (% of cabbage (%)
Low salty 12 46.0 2.0
Namdo 15 418 24
o ok
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