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Abstract

Chemical and sensory characteristics of kakdugi which was prepared with various radish cultivars and har-
vesting seasons were analyzed during 7-day storage. Average pH of small radish cultivar kakdugi was higher
than that of large ones, and total acidity was lower in small ones. Reducing sugar content was the highest in
kakdugi of autumn radish. Organic acids such as lactic, succinic and fumaric acid analyzed by GC increased
until the third day of fermentation, whereas volatile isothiocyanates analyzed by GC/MS continued to decline.
There was a significant difference in flavor characteristics of large radish kakdugi across seasons, in contrast
to no significant difference in those of small radish kakdugi except sweet taste and reducing sugar content in
which interaction existed between season and cultivar. Score of overall acceptability was higher in small rad-
ish than large ones with Dongja showing the highest score of overall acceptability. Overall acceptability of au-
tumn Dongja kakdugi was positively correlated with radish kimchi odor and sour odor, respectively, but ne-
gatively with total acidity, lactic acid content, sweet taste and pungency, respectively. By multiple regression
analysis, overall acceptability in spring Dongja kakdugi is expressed as a function of overall acceptability =
-0.1115 + 1.2519 savory taste + 1.5159 malic acid - 0.0054 total isothiocyanate + €.
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Fig. 1A. Changes in crude protein content of kakdugi
during fermentation; 1B. Changes in crude fat content
of kakdugi during fermentation
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Fig. 2. Changes in pH and acidity of kakdugi during
fermentation spring; @—@: Altari, B—M: Dongja, é—
¢: Okdong, C—O: Baekang, (—{1: Biandacheong,
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O—O: Baekang, [—{1: Biandacheong, Autumn; @—@:
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Table 1. Changes in non-volatile organic acids of kakdugi by cultivars and seasons during fermentation at 20°C
(mg/100 g kakdugi)

Season  Cultivar FT.Y Lagtic Oxa}lic Malgnic Fum'aric Succ.inic Ma‘lic Tart.aric Cit?ic ToFal
acid acid acid acid acid acid acid acid acid
Altari 0 0.92% 0.47 - 0.02 0.16 3.70 0.45 0.45 6.15
3 48.46 0.66 - 0.09 1.74 0.33 0.37 0.49 52.24
7 7433 0.45 - 0.11 1.79 0.08 - 0.90 77.66
Dongja 0 1.10 0.67 - 0.02 0.14 2.63 0.29 0.51 5.36
3 36.36 0.62 - 0.10 2.08 .77 0.64 (.59 41.16
7 79.11 0.29 - 0.05 0.90 0.15 - (.87 80.65
Okdong 0 0.85 0.49 0.06 0.02 0.19 2.36 0.30 (1.29 4.47
Spring 3 45.60 0.57 - 0.10 2.20 0.49 0.85 (.62 50.43
7 68.75 0.31 - 0.05 1.28 0.16 - 0.97 71.52
Beekang 0 0.61 0.38 - 0.03 0.11 2.13 0.21 0.67 4.14
3 16.18 0.46 - 0.06 1.46 0.32 0.97 0.96 20.41
7 45.44 0.27 - 0.06 1.40 0.23 - 1.66 49.06
Bian- 0 0.35 0.26 0.04 0.02 0.10 1.50 - 0.21 2.48
Deeheong 3 17.90 0.30 - 0.05 2.44 0.49 - 0.85 22.03
7 44.86 0.13 - 0.06 1.10 0.06 - 1.93 48.14
Altari 0 1.00 0.45 - 0.02 0.14 2.72 - 0.55 4.88
3 33.26 0.69 - 0.08 1.97 0.72 0.42 0.64 37.78
7 70.46 0.48 0.04 0.09 1.81 0.09 .26 0.95 74.18
Dongja 0 0.99 0.64 0.02 0.02 0.12 3.02 (1.31 0.47 5.59
3 36.54 0.66 0.03 0.10 2.09 0.87 0.64 0.61 41.51

7 74.11 0.30 - 0.06 1.71 0.19 0.28 0.95 77.6

Summer

Okdong 4] 0.85 0.25 0.01 0.02 0.17 243 0.32 0.41 4.46
3 40.88 0.55 0.02 0.12 2.30 0.57 0.25 0.55 45.24
7 75.33 0.30 - .05 1.76 0.11 - 0.89 78.44

Daeheong 0 0.49 0.22 0.02 0.02 0.09 2.34 0.20 0.31 37
3 16.01 0.46 0.03 0.06 2.00 0.72 0.69 0.61 20.58
7 38.36 0.38 - 0.04 1.00 0.18 0.24 0.82 41.02

Altari 0 0.99 0.38 - 0.02 0.10 2.13 0.21 0.27 4.1
3 37.37 0.62 - 0.09 2.07 0.30 - 0.61 41.06
7 78.33 0.54 - 0.06 1.70 0.20 - 1.08 82.63

Dongja 0 1.08 0.44 0.01 0.03 0.11 2.89 0.31 0.33 5.2

3 43.49 0.72 0.03 0.05 2.12 0.70 - 0.49 47.6
7 79.47 0.32 - 0.04 1.59 0.21 - 0.78 82.41
Ckong 0 1.93 0.28 - 0.02 0.13 3.20 0.40 0.24 5.21
Autum 3 47.33 0.58 - 0.08 2.30 0.88 0.55 0.56 52.28
7 76.45 0.36 - 0.07 1.83 0.35 - 0.89 79.95
Taebaek 0 0.56 0.40 - 0.02 (.08 2.19 0.27 0.45 3.97
3 23.88 0.50 - 0.08 1.79 0.70 0.87 0.61 28.43
7 4232 0.21 - 0.07 1.45 0.33 0.39 0.93 45.70
Chooseok 0 0.39 0.36 - 0.03 0.09 1.94 0.33 0.21 3.35
3 19.45 0.40 0.04 0.08 1.8% 0.86 - 0.49 23.14
7 38.49 0.25 0.01 0.07 1.26 0.39 - 0.72 41.19

"Fermentation time (days)
“Mean of three times measurenent
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Table 2. Flavor characteristics of 3 days-fermented
large radish kakdugi by seasons

Season
Properties Charateristics
Spring Summer Autumn
pH 366" 346° 39
Acidity (% lactic acid) 0.94'  0.81° 1.08
ing s S .99° 91° 04"
Chemical Reducing sugars 28.99" 2891° 48.04

. {mg/mi)
rties .
PrOPETiES | ctic acid (mg/100 g) 1618 16.01° 23.88"
Total isothiocyanates ~ 1.46° 1.38°  1.78"

(ug/100 g)

Sour odor (scores) 246" 1.61° 198
Radish kimchi odor 492" 496" s51r
(scores)

Sweet taste (scores) 442" 210"  456°
Pungent taste (scores) 2.64° 1.79"  0.90°
Sour taste (scores) 6.69" 621" 561°
Savory taste (scorse) 479" 4.87° 359
Over-all acceptability  5.57° 5.40° 582
(scores)

Sensory
properties

"Any two means in the same row followed by the same su-
perscripts are not significantly different (p<0.05)
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Fig. 7. Interaction between cultivar and season in kak-
dugi over fermemtation period Spring: M, Summer: ~1,
Autumn:

Table 4. Flavor characteristics of 3 days-fermented
Dongja kakdugi by seasons

Pro-

perties Charateristics

Spring Summer Antumn

pH 376 373 3.68

Acidity (% lactic acid) 088 081 097

_ Lactic acid (mg/100 g) 3636 36.54 43.49
Chemical g ccinic acid (mg/100 g) 2.08 209 212
PTOPErties pralic acid (mg/100 g) 077  0.87  0.70

Total isothiocyanates 015 018 012
(1g/100 g)
Sour odor (scores) 210 1.92 1.72
Radish kimchi odor 6.53  6.01 6.44
(scores)
Sensory Pungent taste (scores) 2.67 3.33 3.12
properties Sour taste (scores) 550 541 4.26
Savory taste (scores) 454 439 2.63
Overall acceptability 6.67  6.68 4.88
(scores)

Table 3. Mean values of characteristica of kakdugi over seasons by cultivars

Altari Dongja Okdong Large radish p value
Lactic acid content {mg/100 g) 41.748" 42.054* 42.628" 22518 0.002
Sweet taste (scores) 2.897" 3.576 3.448° 3.148% 0.006
Pungent taste (scores) 3.21% 3.42%° 3.302° 1.940° 0.003

"Any two means in the same row followed by the same superscripts are not significantly different (p<0.05)
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Table 5. Correlation matrix of results of all analytical tests on autumn Dongja kakdoogi fermented at 20°C for 7

days
i i ini ic Total
pH Acidity Riig::l & I?;:C Su:ccii;uc I\:;léc isothiocya
pH 1.00000
Acidity -0.89836** 1.00000
Reducing sugar -0.32432 0.24832 1.00000
Lactic acid -0.93338***  (.97814***  0.29914 1.00000
Succinic acid -0.78929*" 0.61188 0.22425 0.74790* 1.00000
Malic acid 0.75264* -0.74957* -0.22666  -0.83071* -0.76848 1.00000
Total isothiocyanate 0.92709***  .0.87092**”  .0.28233  -0.93574***)  _(.82867*  0.94160*** 1.00000
Sour odor 0.92017**  -0.98457***  -0.17836  -0.96390***  -0.61120 .74463* 0.87764**
Radish kimchi odor 0.27809 -0.50431 -0.35678  -0.41361 0.13542 0.01884 0.16833
Sweet taste -0.83954** 0.85979** 0.51498 0.89978** 0.62353 -0.84429** -0.89040**
Pungent taste 0.96294***  -0.90887** -0.30974  -0.96786***  -(.87388** (1.82204** 0.94908** *
Sour taste -0.95566***  0.97776***  (.30965 0.99391***  0.72351*  -0.79843* -.93030%**
Savory taste -0.95463***  ().81144** .40229 0.89119** 0.84307** -0.78112* -0.93160***
Overallaccept 0.56286 -0.82635* -0.35788  -0.74233* -0.15927 0.40658 0.50718
Table 5. Continued
Sour odor Radish Sweet Pungent Sour Savory Overall
kimchi odor taste taste taste taste accept.
pH
Acidity
Reducing sugar
Lactic acid
Succinic acid
Malic acid
Total isothiocyanate
Sour odor 1.00000
Radish kimchi odor 0.43570 1.00000
Sweet taste -0.86334** -0.38238 1.00000
Pungent taste 0.90022** 0.28119 -0.84097**  1.00000
Sour taste -0.97508***  -0.44146 0.90369**  -0.96425***  1.00000
Savory taste -0.81808* -0.28124 0.82894*  -0.95447 0.90948 1.00000
Overallaccept 0.77423* 0.83422**  -0.70879* 0.57930 -0.74487* -0.47334 1.00000

V«Significant at 0.05

P**Significant at 0.01
P+ #xGjgnificant at 0.001
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