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Abstract

Effect of Fermentation temperature on the changes of chemical components in Kakdugi during fer—
mentation was investigated by measuring free sugar, organic acid and volatile compounds up to 57
days at several temperatures. The mannitol was increased in palatable period in contrast with those
of other free sugars. The higher the initial fermentation temperature was and the longer the initial
fermentation time at 20°C was, the faster the second increasing period was and the less the increasing
contents was. Lactic acid was increased 6~31 times from a little amount at the initial period. The
higher the initial fermentation temperature was and the longer the initial fermentation time at 20°C
was, the faster the increasing period was and the more the increasing content was. But malic acid
which was abundant(55.1% of total nonvolatile organic acid) in the initial fermentation period was
remarkably decreased in the palatable period. The change of the sulfides among the volatile compounds
was remarkable. Methyl allyl sulfide which was a little in the initial fermentation period was remarkably
increased in the final fermentation period, and the correlation coefficients between the content of
methyl allyl sulfide and aroma in sensory evaluation were high. It could be suggested that the fer—
mentation temperature should be set to 4°C after fermentating at 20°C for 36 hours in the view point
of keeping the Kakdugi taste and quality well because of high content of free sugar and nonvolatile
organic acids.
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Table 1. Changes in free sugars of Kakdugi during fermentation
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(g/100g, dry basis)

Samples Days

Free sugars

d-Glucose _ B-Glucose a-Galactose B-Galactose Mannitol  Mannose  Fructose
0 9.88 16.75 1.88 1.01 - 6.87 9.42
1 7.00 10.66 1.09 0.99 - 4.07 6.83
3 431 2.20 - 0.73 - 2.42 6.05
5 731 12.20 1.40 1.03 - 5.68 715
8 7.08 12.35 1.25 0.88 - 456 7.29
A 11 542 9.08 1.28 1.21 - 3.9 7.98
16 497 7.82 1.05 091 0.22 392 7.79
23 5.38 855 0.60 088 0.17 3.86 6.63
29 594 10.20 218 0.98 0.28 5.81 8.44
37 8.60 14.22 248 1.55 0.35 818 9.51
45 7.42 1325 - 1.59 0.11 474 11.76
57 5.79 9.08 - 1.20 0.21 4.56 9.55
0 9.88 16.75 1.88 101 - 6.87 9.42
1 7.85 1271 1.18 1.22 - 4.40 8.78
3 475 7.67 1.72 0.70 - 2.81 6.39
5 823 14.14 1.69 1.22 - 7.00 723
8 6.80 10.51 1.62 113 - 462 753
B 11 6.11 10.02 1.60 1.26 - 542 6.64
16 4.01 6.45 1.46 1.02 - 381 491
23 3.58 5.66 0.72 0.85 3.02 6.23
29 9.94 17.69 2.65 1.50 0. 32 10.65 11.21
37 421 6.43 1.32 0.81 0.23 3.46 5.86
45 3.69 6.03 1.22 0.93 0.22 4.30 562
57 485 7.61 0.80 1.18 0.23 4.04 9.43
0 9.88 1675 1.88 1.01 - 6.87 9.42
1 7.85 1271 1.18 1.22 439 879
3 4.89 7.39 157 0.81 0.46 415 6.90
5 3.86 5.99 1.44 094 051 3.64 758
8 2.75 421 0.79 0.55 0.37 1.72 556
c 11 5.06 813 L77 1.17 0.65 496 9.01
16 3.34 5.74 1.26 0.54 0.49 4.02 445
23 5.06 8.39 2.13 1.26 0.85 533 9.54
29 4.10 593 1.09 0.83 0.66 2.92 10.22
37 4.17 6.20 1.46 0.83 0.77 3.76 6.68
45 448 771 1.66 0.88 0.94 4.45 8.86
57 5.46 8.20 1.07 1.66 0.96 5.19 9.86
0 9.88 16.75 1.88 1.01 - 6.87 942
1 6.24 9.81 0.94 0.85 - 3.25 7.10
3 5.82 10.11 0.82 0.48 - 2.93 5.67
5 7.22 12.34 179 1.72 - 7.19 715
8 476 7.66 170 1.02 - 348 8.00
D 11 410 6.17 117 0.79 0.24 341 7.29
16 2.90 5.22 - 0.08 0.32 2.63 4.25
23 4.43 7.48 1.87 0.87 0.44 5.99 5.40
29 4.04 6.87 1.14 0.79 0.37 4.00 7.12
37 0.18 034 - 0.37 0.50 0.49 0.95
45 0.34 0.62 - 0.32 0.42 0.59 151
57 2.07 377 - 0.49 046 1.94 4.07
0 9.88 16.75 1.88 1.00 - 6.87 941
1 7.85 12.72 1.18 1.22 - 439 8.79
3 3.90 6.43 1.02 0.55 2.72 3.64 5.98
5 753 13.55 1.30 1.89 461 10.48 6.20
8 3.30 4.80 1 00 0.62 0.45 1.90 6.69
E 11 0.19 0.04 - 0.04 - 0.39
16 5.60 9.93 1.91 1.14 0.42 757 7.32
23 0.1 2.18 - - 13.05 021 0.27
29 0.07 0.19 - - 12.90 0.07 0.08
37 0.71 1.37 - - 1231 - -
45 057 111 - - 9.21 - -
57 0.26 0.59 - - 15.02 - -

A: Stored at 4°C after keeping at 20°C for 12Zhours, B: Stored at 4°C after keeping at 20°C for 24hours, C: Stored at
4°C after keeping at 20°C for 36hours, D: Stored at 10°C, E: Stored at 20°C
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Table 2. Changes in non-volatile organic acids of Kakdugi during fermentation (mg/100g)

Non-volatile organic acid
Lactic Oxalic Malonic Fumaric Levulinic Succinic Malic Citric  Pyroglutamic

Samples  Days

0 7.6 12.3 57 5.3 98.6 286 491.2 979 75.6

1 1344 - - - 478 225 286.1 - 1139
3 400.3 16.6 146 - 1025 449 495.1 - 1711
5 489.5 19.7 12.8 - 38.1 381 289.8 - 1595
8 3444 15.6 13.6 3.3 29.0 479 250.2 79.2 120.8
A 11 19437 - - - - 412 715 60.2 3471
16 53109 133 58 34.4 287 43.8 - - 3336
23 8382.8 - 16.4 - 355 46.5 - - 320.2
29 85412 - 186 - 375 419 - - 2745
37 8820.3 - - - 15.0 342 - - 246.0
45 8264.6 - - - 227 365 - - 3157
57 9688.6 - - - - 355 - - 27174
0 5.6 12.3 5.7 54 98.6 286 491.2 979 7.6
1 2217 16.0 151 4.7 80.6 40.3 300.3 89.1 130.8
3 406.6 19.2 17.3 2.8 54 459 363.0 122.9 1439
5 496.4 19.9 12.9 - 39.2 386 293.9 - 161.8
8 4141.1 - 35.2 479 123.0 40.1 212.1 192.2 303.5
B 11 40945 - 174 - 76 430 - 482 361.2
16 6948.2 16.9 8.4 58 50.2 415 86 - 2665
23 9358.7 114 20.8 34 226 542 - - 337.8
29 72429 14.0 19.6 36 40.1 132.9 26.6 - 316.7
37 8537.5 - - - - 130.1 - - 304.7
45 9035.9 - - - - 1285 - - 2225
57 9438.5 - - - - 1335 - - 295.9
0 75.6 124 5.7 53 98.6 286 491.2 979 756
1 2217 16.0 15.1 47 80.6 40.3 300.3 89.1 130.8
3 3815 141 16,5 50 68.2 584 363.2 587 140.5
5 47124 - 17.2 - 29.2 60.9 140.8 - 162.9
8 5508.2 - 25.7 - 522 540 54.7 - 502.3
c 11 5999.5 13.8 6.8 5.3 413 90.9 8.7 380 218.0
16 6239.5 13.7 6.6 46 371 93.6 - - 202.0
23 9144.4 114 183 39 223 1625 - - 3079
29 8333.2 6.0 17.0 13 9.3 103.3 - - 263.1
37 10308.0 - 139 - 26.1 1462 - - 262.4
45 84249 - 17.2 - 20.8 1376 - - 295.1
57 9515.4 - - - - 1347 - - 347.4
0 75.6 124 5.7 53 98.6 286 491.2 97.9 75.6
1 102.1 83 91 38 386 219 286.8 735 61.7
3 288.1 138 10.6 - 73.0 395 3335 97.3 76.6
5 5476.4 12.1 201 3.0 46.0 55.0 68.1 - 200.8
8 7000.8 12.1 119 49 456 52.6 148 - 2746
D 11 4411.3 - 14.2 - 394 50.7 - - 176.2
16 10267.6 99 5.7 33 134 52.1 - - 3939
23 10105.3 105 114 47 259 54.1 - - 361.5
29 9819.5 - 184 - 24.7 54.8 - - 410.3
37 11016.1 - - - - 67.7 - - 3433
45 10555.8 - - - - 76.8 - - 351.1
57 11383.3 - - - - 76.6 - - 360.3
0 75.6 124 59 5.3 98.6 286 491.1 97.9 7.6
1 2217 16.0 151 4.7 80.6 403 300.3 89.1 130.8
3 7069.8 9.8 221 36 364 237.0 814 - 180.0
5 81748 111 217 3.0 199 254.6 74.5 - 3488
8 9742.8 9.2 18.6 2.8 9.9 2288 282 - 593.6
E 1 11532.0 106 224 3.0 184 287.8 127 - 469.5
16 8957.4 14.8 35 58 389 2531 76 - 4347
23 92746 12.7 394 - - 301.9 - - 592.0
29 8420.6 - 9.6 - - 1931 - - 567.6
37 16430.1 - - - - 147.2 - - 597.1
45 18065.0 - - - - 1392 - - 509.3
57 24872.8 - - - - 1887 - - 828.2

A: Stored at 4°C after keeping at 20°C for 12hours, B: Stored at 4°C after keeping at 20°C for 24hours, C: Stored at
4°C after keeping at 20°C for 36hours, D: Stored at 10°C, E: Stored at 20°C
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Table 3. Volatile components obtained from Kakdugi

PNV RT? LRP® Component Identification

1 5.1 507 Acetaldehyde MS

2 52 510 Methane thiol MS

3 58 529 Ethanol MS,Rt

4 6.5 545 Formic acid ethylester MS

5 83 597 Formic acid MS Rt

6 89 602 Allyl Mercaptane MSRt

7 114 658 Acetic acid MS,Rt

8 135 696 Methyl allyl sulfide MS,Rt

9 15.1 714 Methyl! isothiocyanate MS,Rt
10 16.4 745 Dimethyl disulfide MS

11 17.7 765 Methy! benzene MS,Rt
12 20.1 800 Butanoic acid ethylester MS
13 21.3 836 Isopropyl isothiocyanate MS
14 22.1 840 Methyl pentanol MS
15 23.6 857 Diallyl sulfide MS Rt
16 274 919 Methyl ally! disulfide MS
17 28.2 932 Methy! propyll disulfide MS
18 284 934 a-Pinene MS,Rt
19 28.7 940 Trans propenyl methyl disulfide MS
20 29.3 949 Camphene MS,Rt
21 30.5 970 Dimethyl trisulfide MS
22 31.2 992 3-Butenyl isothiocyanate MS
23 32.0 1000 B-~Myrcene MS,Rt
24 32.7 1005 d-Phellandrene MS Rt
25 34.2 1031 B-Phellandrene MS
26 34.4 1034 1,8-Cineole MS,Rt
27 37.3 1086 Diallyl disulfide MS,Rt
28 379 1096 Trans propeny! propyl disulfide MS
29 384 1104 3-Allyl thiopropionic acid MS
30 40.4 1142 Methyl allyl trisulfide MS
31 45.1 1230 Dimethyl tetrasulfide MS,Rt
32 489 1306 Dially! trisulfide MS
33 574 1490 a-Curcumene MS
34 58.0 1502 a-Zingibrene MS
35 584 1508 Farnesene MS
36 58.6 1512 B-Bisabolene MS
37 59.3 1533 A ~-Sesquiphellandrene MS

1) 2. . . ). R R
Peak number, 'Retention time, "Linear retention index
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Fig. 1. Changes methy! allyl sulfide of Kakdugi during
fermentation.
A: Stored at 4°C after keeping at 20°C for 12 hours
B: Stored at 4°C after keeping at 20°C for 24 hours
C: Stored at 4°C after keeping at 20°C for 36 hours
D: Stored at 10°C E: Stroed at 20°C

methyl allyl sulfide®] W& A = ¥ 3}okAHS Fig. 190
Yetdigich AR 7HGC-MS)d 98 BelEA =
377YA] 9} volatile compounds®} ¥ A (aroma)e} #%
A AE 174 F5eol] o6l ARAAS 7o £ A7
methyl allyl sulfide®} dimethyl disulfide: v] 24 ql
AJBJAIE BolH A, t}E volatile compoundsE o} &
<+ AREF vehlidch 53] methyl allyl sulfides
Dol 9loiA] rgke] 0918 ¥ ARAAAE B,
E5A & 4709 shelf-lifeE 2T Y+ A FE

A= o149 4 lthz A7,
2 <

75719 A S A 20 25719 fEl®, R4t
2 71 Fol] v X2 G oL ol A oo
t}. 20°CellA] 1241 7H(A), 2441 ZH(B), 36X 7HC) 443 A]
A F £CAAN BESPAZ A, 10°CD)NN &5
ARE AL B E XA A, ARQ20°C, Bl A 33
FSARE A& BESAF A A& A A2 819
o} el 27 Ha %A F a-glucose, B-glucose,
fructose, mannose, a-galactose, B-galactose, man-
nitol ¢]1¢1c}. Mannitol& AR (11)ell4] #5714k 2
3} gto] FolA]= Al7)dl| Fr)ete], 20 MESH T
7} E3 AR 4 A7ke] 11 A7) T C7F F7HA7)
7h w2 e Frleko] wokch vl LA {14 A



25718 BEFYLES fElF, Frld R BIER vlAe 9% 23

A Z7] ¢l lactic acid, oxalic acid, malonic acid, fum-
aric acid, levulinic acid, succinic acid, malic acid, cit-
ric acid, pyroglutamic acid7} 27 = Aol Ha %A
& 7)ol += lactic acid, succinic acid, pyroglutamic acid
wko] A& s}9dct. Lactic acide 27) o 4% &3}
7} I5 3 AL AT} she] Folx& Al7lel 6~31M 2 F
44819, succinic acid =& HE7} A A A w2t F
7}8ted e}, Malic acide 98 AF 55.1%2 /M B
B -&-& AR, -5 HAA T o] FolR] = Al 7]
malic acid® F43] ZAaste, 2 A7= 27 Li5
Aexrl Ex A 4 Al7te] 21 C AT d
2 waldo) A 7|2 GCE #4138t 9 60
712 peakr} H-2] =912, 21 F 3770 2] Aol ma-
ss spectrometer(MS) 2 &1 5] ¢l &1, acetaldehyde,
ethanol, allyl mercaptane, formic acid ethyl ester, me-
thy! allyl sulfide, dimethyl disulfide, methyl allyl disul-
fide, diallyl disulfide 5-o] %¢] a3} c}. £3] sulfide
A %2 W3yt Foel g &, ©]F F dimethyl disul-
fide®} methyl allyl disulfidet HESAZLE7}
A 7te] &2 W oko] AAE S, methyl allyl
sulfidets #53 &4 & I (aroma)®] #5H A 2
Fe} 2 AAFAE Jepdigdct vtets £ A3
ZA M W 57Y7HA] Hudek WA E 773
R A= A, Be} C FollA] gho] F& A|7]¢f A=
T C7t frel = vl S A R4k ko] oha A
vhebd, 'S4 20°Cell A 36417 A4 A1 20 F 4°Cell
A HEA 7= A= O ohh F2 7102 2oz
1= 3} mannitol, malic acid, methyl allyl sulfide® &
FAY ARXEAR AL 5 vy A=

Ho
Qb

1L EAA T S48 =S4 p.254(1991)
2. &A% A2 g g A FLA g #

B gt

R LR LERE S B
£01977)

5. NS 75719 A paste] B3 Q7 AAARHG
2 e AR A= E1976)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

AEH 54712 F T4 DA SN fo149
EEWEEETELERE D R A
2%-(1986)

- A23h AelE  dEE "ed 75 AA §471%

o ub& wispdA frl4ke] Wt PG ATH),
1, 57(1988)

. Aele, old 5 1 A5r] 4% it il B

AzkE2] Wt A F2He A, 24, 361(1992)

LAY AER ZA$A  Microwave 942 2 E3dg

o Ayt ATl EeA AR vlAle 4% geE
3}3t3] =], 34, 219(1991)

. AEE, EARY, o)A F, A AT A FY

AT g 2 £ A RS B3y
shetsl A, 34, 225(1991)

. Z) A, 3194, 71332 Calcium acetate ¥ potassium

sorbateS 3713 245719 FH54. 54 EHETH
%], 23, 1(1991)

ZAad, 242 Al 4R F5H B A E
}3}+3] ], 22, 380(1990)

A, A s A5 BEEY L L7} F5F, o]
3184 2 v YEEA B4 ol vl = g3k A FY
ok3}3t3) ], 26, 800(1997)

Ha, J. H, Hawer, W. D, Kim, Y. J. and Nam, Y. J.
: Changes of free sugar in kimchi during fermentation.
Korean J. Food Sci. Technol., 21, 63(1989)

9, A, el F A9A, AdF  AEIRAF
9 gz} gpA R 7 g WA A A7 -F A
o] &A1 gl o] Wl FFAFNYGTY, 14,
3(1988)

3k &, 8]-99, vh8-, 3 & . Capillary Gas Chroma-
tography & o] &8 B34 {714k ¥4, 4813 1,
131(1988)

3199 A A )RS £ el BY
. 2438, 7, 125(1994)

Sodtler : The Sodtler standard gas chromatography
retention index library Vol.1-4. Sodtler Research Lab-
oratories(1936)

AEE, 5 F, AU, g AT 46 71
= 733t 9 polyethylene film ZAA 2] &3}, =<3
AlgFats) =], 15, 39(1986)

A3, E¥F A X0 HAS fEH g B
A Aoz, A F A3 A, 23, 267(1991)
FAld, ol#lAd, o1&l % : A8 Fio wE FA9
714 2 FikAg gFel Ao wis) A F e A,
16, 169(1984)

9, A5, A5 E, i F, AEs AA Y ARF
ol o] wal A FHEE A, 20, 511(1988)

(19974 109 29 A=)



