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Abstract

The effects of salting methods on Kakdugi (cubed radish kimchi) fermentation were evaluated. Kakdugi was
prepared with various salting methods, salt concentrations, and settling times, and fermented at 10°C for up to
52 days. Radish (Raphanus sativus L.) cubes (2 cm size) were salted by using the following methods salt
concentration of about 1.5% which was known appropriate for the organoleptic quality of Kakdugi; 1)
Treatment S-1: applying dry salt uniformly onto the radish cubes, with a salt concentration of about 1.5% (w/w)
and cured for 1 hr, 2) Treatment S-5: applying dry salt uniformly onto the radish cubes, with a salt con-
centration of about 1.2% (w/w) and cured for 5 hr, 3) Treatment B-1: brining radish cubes in a 8.5% (w/v)
salt solution for 1 hr, 4) Treatment B-5: brining radish cubes in a 4.0% (w/v) salt solution for 5 hr. As the
fermentation continued, the initial high decrease in pH has been retarded in all the treatments, of which the
delaying extent was more significantly noted from B-1 and B-5 than S-1 and S-5. The pH of the Kakdugi
which showed a good eating quality dropped to 4.3~4.8 with the accumulation of total acids. Total vitamin C
increased sharply at the palatable period of Kakdugi during the initial fermentation and then decreased
gradually following a sigmoidal changing pattern. The reducing sugar levels were also influenced by salting
methods and fermentation as sugars are converted into acids. High initial contents of reducing sugars and their
subsequent rapid decrease were observed in “S” group than “B” group during fermentation. For nonvolatile
organic acids, lactic acid increased consistently throughout the fermentation while malic acid, which was high
at the initiation of fermentation, decreased rapidly afterwards at the palatable period of Kakdugi.
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Table 1. Formulas for preparation of Kakdugi®

Ingredients Weight (g) Ratio (%, wiw)

Raw radish 2,000 100.0
Red pepper powder 70 3.5
Salted shrimps 108 54
Garlic 70 35
Ginger 12 0.6
Scallion 70 3.5
Sugar 16 0.8
Salt® varied varied
Yfermented in a 2L-plastic container.

?See Fig. 1.
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Fig. 1. Salting methods for pre?aring Kakdugi.
Drelative to the weight of radish. ) radish:brine, 1:2.5; w/v.
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Table 2. Operating conditions of GC for analyzing
non-volatile organic acids

Instrument Varian STAR 3400 CX capillary gas
chromatograph

Column Stabilwax (¢0.25 mm X 30 m)

Oven temperature 70°C (hold 1 min)-5°C rise/min-210°C
(hold 11 min)

Carrier gas Hydrogen, 12 psi

Injection volume 02w

Make-up gas Nitrogen, 30 ml/min

Detector Flame Ionization Detector

Injector temperature  250°C
Detector temperature  270°C
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Fig. 2. Changes in pH during fermentation of Kakdugi
as affected by salting methods.

S-1: mixing uniformly dry salt into the radish cubes, with
a salt concentration of about 1.5% (w/w) and cured for 1 hr.
S-5: mixing uniformly dry salt into the radish cubes, with
a salt concentration of about 1.2% (w/w) and cured for 5 hr.
B-1: brining radish cubes in a 8.5% (w/v) salt solution
and cured for 1 hr. B-5: brining radish cubes in a 4.0%
(w/v) salt solution and cured for 5 hr. **p<0.01, ***p<0.001.
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Fig. 3. Changes in total acidity during fermentation of
Kakdugi as affected by salting methods.

S-1: mixing uniformly dry salt into the radish cubes, with
a salt concentration of about 1.5% (w/w) and cured for 1 hr.
S-5: mixing uniformly dry salt into the radish cubes, with a
salt concentration of abou: 1.2% (w/w) and cured for 5 hr.
B-1: brining radish cubes in a 8.5% (w/v) salt solution and
cured for 1 hr. B-5: brining radish cubes in a 4.0% (w/v)
salt solution and cured for 5 hr. ***p<0.001.
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Fig. 4. Changes in total vitamin C content during
fermentation of Kakdugi as affected by salting methods.
S-1: mixing uniformly dry salt into the radish cubes, with
a salt concentration of about 1.5% (w/w) and cured for 1 hr.
S-5: mixing uniformly dry salt into the radish cubes, with a
salt concentration of about 1.2% (w/w) and cured for 5 hr.
B-1: brining radish cubes in a 8.5% (w/v) salt solution
and cured for 1 hr. B-5: brining radish cubes in a 4.0%
(w/v) salt solution and cured for 5 hr. ***p<0.001.
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Fig. 5. Changes in reducing sugar content during fer-
mentation of Kakdugi as affected by salting methods.
S-1: mixing uniformly dry salt into the radish cubes, with
a salt concentration of about 1.5% (w/w) and cured for 1 hr.
S-5: mixing uniformly dry salt into the radish cubes, with a
salt concentration of about 1.2% (w/w) and cured for 5 hr.
B-1: brining radish cubes in a 8.5% (w/v) salt solution
and cured for 1 hr. B-5: brining radish cubes in a 4.0%
(w/v) salt solution and cured for 5 hr. ***p<0.001.

3

)

_65_

SELE

EREE 65

& S-1, S-57} B-1, B-58t} 6~7Tmg/g A% Bs
o], 8 5A wdrldls B-1, B-52] 3y}l A&k

L2318 2ot olsidt A= asA 204 A
0] o] 8% = gl dgdel 3 ko] F&
B-13} B-59] iS4 o] o} AelFe |zt HAH
‘3] AFgxEe] das drjoe 238 o @2 o9

2lto] FolglA H Aoz W)

(5) 23 {F714

ZHE7)17F Aozl A Foll s vl H A
fr714ke] Wishi= Table 33} o} A7) v)FA
74+ succinic acid 0.80, maleic acid 0.40, malic acid
5.94, 18] 3L citric acid 2.15 mg/100 golgivh. ZH57]

Table 3. Changes in non-volatile organic acids during
fermentation of Kakdugi as affected by salting methods

(mg/100 g)
Non-volatile Treatments”
organic acids ays S-1 S-5 B-1 B-5
0 0.25 063 068 136
Lacti 5 5488 7488 5262 4590
ctic 8 8429 9344 8047 74.46
52 9684 10634 99.99 95.98
0 . - R R
. 5 tr? tr tr tr
Oxalic 8 tr tr tr tr
52 tr tr tr tr
0 - - - -
Malonic > - : - -
8 - 007 - -
52 084 075 073 095
0 1.65 162 187 159
Succini 5 099 067 073 0.60
uceince 8 071 065 070 064
52 0.61 071 065 068
0 tr tr tr ir
Maleic 5 tr tr 0.29 tr
8 - - - tr
52 - - - -
0 478 494 722 580
Malic 5 159 099 277 175
8 069 058 078 088
52 058 043 075 093
0 323 231 281 317
Citric 5 376 661 331 3.8
8 496 677 400  2.83
52 1170 11206 453  7.86

YS-1: mixing uniformly dry salt into the radish cubes, with a
salt concentration of about 1.5% (w/w) and cured for 1 hr.
S-5: mixing uniformly dry salt into the radish cubes, with a
salt concentration of about 1.2% (w/w) and cured for 5 hr.
B-1: brining radish cubes in a 8.5% (w/v) salt solution and
cured for 1 hr. B-5: brining radish cubes in a 4.0% (w/v)
salt solution and cured for 5 hr.

tr: trace.

Iz T2 A 15 A 15(1999)



66

oAA Hegtel®E f7)4k2 lactic acid, oxalic acid,
malonic acid, succinic acid, maleic acid, malic acid, L
2] 3 citric acid®] 770}, v)F A {74 25
o] glo]] 3L nx|= F03 AR ow e 0d
(F= 270), 544 E‘ H §8-1, §-59 “]'O] 2 4
71), 84 EAER & B-, B-59 sto] £ A7),
23 UESA 2] 5244 9] Wsleds dolrugt
t}. Lactic acid, succinic acid, malic acid, 22] 3 citric
acid®] W37} 71 F=eg =, malic acid:= i
Aol AEwA & Fo7 ZF4stgen], lactic
acid®} citric acide Z7}5}4dt}. Lactic acide= i %
A] Z7]ell 0.25~1.36 mg/100 g8 wf-$ F& ek
Bolr} gho] Folx|= A7l WaASA 5UA =
AAdEFe] FA3 Frksle S-57F B w9k, S,
B-10] o} olgl o] BS5e thE 3]l B3y

25 Wit} o] de FUE® S5 7 A4 Ve
U A2 dxshs X719 asA 8dAels e
He|tellA] asA 5eUR R S8k, S-5¢9
73% 93.44mg/100 g, 714 AL FFo|Y™ BSE
74.46 mg/100 g0 2 Z7}atlch WASA wrQl
5290 Aell = o] Z7}sted S-57} 106.34 mg/100 g =
7B =9kod, t}g-2o 2 B-1, S-1, B-5¢] £08 » &
A viehdch 2 493 5UR £E 22 100
A AT e WESAA 278 AFATNAE
F5A 590 lactic acid®) 3eko] WlE <A 3Y A
o w8l 12uf 71=F F-g5slol=d ol
toc mesenteroids7} 7)ol HA COS wol| A5}
o FES AAHCR wHw griHal A E WS
A Z71ATY ASS AR A= AN =
3}, lactic acid9} pH 2 A= AFARAVL o822
lactic acidZ} Z]x]9] Al 2 ¥3= 7l o8 deiA
9]t} Succinic acidi= <Z3] Gglon] vl asA o
i sl e ol WRSAF o] AFFHA AL
ol Leuconostoc mesentersides?l] &A= A= g
lactic acide} Zro] F7}akzbm B wgl 715 o)) 7
oh= ohE Al

Malic acid= A S 3] A WHHA Zhastel =,
gro] Folxle Al7]Q HESA SdA e G AF
9 1/5 AE= 7}A43lg2-2 £ 4 2l Malic acid
€ 2710 g2 o EAsicrt SA40] AAEEHA &
A= Fagkute] Weoled ol Aulde = &
Astdd Flo] A7) HESAFHAA DAEHYH T
& 28] AgAde} s, wit ]9} o]™e]
o <& FA vl malic acid’} FE AEEH o=
we] SJHNE SRS Azt 2eln 2 A

Leuconos-

gRzBeHA A 157 A 1 5(1999)

_66_

P47 0 F 54 D7)17HA] malic acid ko] 7} @
e B-57F WA og AL} 7 a7iA] A
T wESA 0] A4 dojydrhe A &
dx)skgdet. Citric acide a4 0] Ao ulal
tih SUbste, PR Yot gAvke] wslele
lactic acide} w) 4317 Zrlelivhe 74 599 Awe)
7L 730 gir}.

V. @of & 2HE
% o‘i:‘L"E 74_:?:‘7 ]"1 15'7\(‘2]-3-1:/‘}“’]' Z" 1—4"‘- E odz c}'s]'
71 918 Aue ohl] Slste] Adupgol ¥
a4l PR E G dobngieh
AFAYFE V1A 2, 238 Fol =g wmeiy

Aol S-1(F A9 1.5%2) i S B2 X7 Ao
= WDF S-5(F FA1 12%2] A e SA%E
Aol uh), 183 a8 & " Hele
B-1(8.5%2] AT %l 142} Aol& ubH )3} B-5(4.0%
o] &2FEo 5417 Aol HPH)R slgl o, 10°Col
A 5297 MESAAFIHA B o|3ehy B4 w3}
€ o3 Zrt

1. @2 2 $9] pHE 6.4~6.59 Wi o, Has
o] Zlaigel wet Zhadt s FAles pHO = Wb
2 F7lslsdct. %719 Bte] b3 Folxle A7)
°] F4k%9) 0.6~0.8%¢) TFEh= A7) S-17 S5
£ ESA SYA, B-13} BSE HESA 8dA 2
ehytet.

2. Znel] C gk BESA 2o)dE 7t
stlom H&riel dasA sUARE o] Fots
ot A8 Ztastgict. SRS G2 2AF AT
HE 238 o)k whE aFES 01&%1*— w
t”oﬂﬂ A 2] & et ded, 253§ Foll 4

A w3 Ael 13 S-5% 747} 37.48, 37.55 mg/g 02
423 $2 910] Al B-13} B9 BT P

(31.442} 30.90 mg/g) B} Fskv} WA S o] 213y
Ha BE A2l HXE G o] ol
= Aot

3. Z+%r] MESAE EeEqd A o4
2 & 7715 &dl malic acid F#-2 A S o] A3 =]
WAl FA 7F45ke o), lactic acid@} citric acid &eF
e i =

olAte] AnE Fita) B, FAEE £ AU
W 7P gte] Folxl A7l §-13 S5 HASA
547, B-13} B-5& 2asA 8UdAZE otz el
Aiuiie] ZF7]e| wrE A oFA el FEE vIA=



AL & S glgdnh. HEASA 2o

25719 Aol agA

[]
s

2o

FAA Al Ao daSA o] wlwA e Al
Hgen gdgol vlelrl C FFE Yy, P&
A "rlol& B-1, B-59] zk&gko] o358 @ o
2 bt g2 o]} Sustrt o9t A
3-& 72o] )9, §-558-1>B-1>B-52] $=0]¢]}.

10.

11.

12.

13.

A, AET ",

oI5, ol AF: o] Aty

- AFT,

sl

AA8A:
7¥d3 @3717} pH Wste]] w]x]
3|2, 34(4), 213(1991).

- ARE, ZHA: AlzzAe] i A 7 EALY

3

=2 - 3 A g 245508 R2A) nlxe
g, gh=rAlEskekE] A, 9(1), 71(1994).

% ZA7ke] wisle|
gt offed =] 2 chitosan H7EF}. A YL}
&3], 9(1), 53(1994).

AR, old s A7) 4% et Aael BRE

QAE) W5} YA EA R, 24(4), 361(1992).

L AFR, AN, B34, Y 23d0] $9 cube

2} ascorbic acid 32k, o-amylase A, oI E A=
A, Adadd PlHE o3 34 Eeks]~), 22(4),
492(1990).

ARG ZHET19) R sl dijk . AAledxpa}

e A Ao}l 2 (1976).

. AL o E SAI7I 7ol ME F-9- Z1A] 9 "R

s A, dPARE e, HRA Yo sk @
Fze)7etE] A, 2(2), 68(1986).

.44, AEF, A9A: Microwave 93] 2 &34

2] A} 5o EulA A nlAe ok ¥
=+53}8ts =, 34(3), 219(1991).

A4, 1AL, AR AT AR F
A5 AT =% A4 2 29 401 wess
g=t3)shs) %), 34(3), 225(1991).

42144, 71332 Sodium acetate®} calcium chloride &
A7V 2519 B4 FRAEBIA), 220), 140
(1990).

AL, ABFE: AD 271 B B4 T
EF333] %], 22(4), 380(1990).

AZA, AT, B0, A9, Q7 A7) A
717 ARE A% FES Abdel] gloiA] HEA
3 ) A% g2 E k3R], 21(1), 100(1989).
wlefe], Wesh: A LA A 2% Y HdFT
9] 3. F=ze]H3e}3]R), 16(4), 443(1984).

o

=

_67_

olshebd Bxel wlAe 33
14.
15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.
28.

29.

30.

67

o)A

olalAl, wheksr, Fedx, 7423 7he A E2
M AR 7 A4 v GFAEILHA, 26(3),

226(1994).
AeE, A7) AFEY". AZAFA}, pp. 250-
254(1991).

Miller, G.L.: Analytical Chem., 31, pp. 426-428(1959).
3hA0 %, 3198, 9H42, o3 % Capillary Gas Chroma-
tography & ©|-8-3F w]3 LA frlal ¥4, J. Korean
Society of Analytical Science, 1(2), 131(1988).

A BESAALEr) 25y SR vlXe
o . RIS 42} 58] = F(1995).

A58 A Az G AFH 112). Z2rlw Ho}
7t AALE e vAe &, FYHTHEATS dTE
4, 20, 61(1970).

o]d§-, A, SR AALE 5 =Akre] A
A1 wEt g Re] Hare] B4 AR A 283,
20(1), 102(1992).

8L, 7", & A AAAR 28k pec-
tinesterase, polygalacturonase Y peroxidase S-4J o] %
g A FFA R b)), 5(4), 45(1990)

0185, olslE, Sk AEE U AR Ao} )
AREF Z fejoln|al, 2 vigyl C 2 #UY
ascorbic acid®] 3tebsle)] wix| = o &, g2}
3)7], 10(3), 225(1984).

R, AT, 952 ) A4k Gram 4
AFe) Bl D A AL dFe AR,
27(4), 404(1989).

oJefd, o1 1A A5 vjelwl C ek 24
% Galacturonic Acid®] A7} &%} g=-%-3)513] 7|,
24(2), 139(1981).

7AEE, E9F, 294 BA RS 4R F 3ehy 2
54 4 ws} PRAFHeA, 233), 267
(1991).

Z 4, oldl: Fakadt Lx7) AU PlAE
391, =) ek, 7(1), 15(1991).

Axd, AFE: 235 4 AAY7|3be] 2579 5
ol 13 o35k, WAl EHeks] ), 21, 370(1989).
Z18L, old g SALL nlZ 7R w3iA
$7 14kl DR AT FFAEA}EA], 7(2), 74(1975)
AE&sh: g dejd A EA, 22)9) 5
23717kl W2 BIFLA fr7)Abel Wk Sdiste
A ALER9] = (1987).

o1ofel, ol FAvle] ok ol Wk AT B2
A Z3h2k2]%), 6(1), 1(1990).

(1999 19 103 A<2)

gz eta]x] A 159 A 135(1999)



