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cooked and processed products using texture

parameters, and their application to breeding
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Summary

Radish roots are one of the most popular vegetables in Korea, where
people consume in a number of different food recipes, including a raw
materials for 'Kimchi' and an ingredient for making various foods. Efforts in
breeding radish cultivars to accomodate different climate conditions have been
tremendous. Therein, a number of commercial varieties are available to produce
the root in spring, summer and fall season. In addition, the shape of root is
also variable from 60cm long with 10cm diameter to 10cm long with 2cm
diameter. It is widely accepted that firmness of radish root is one of the most
important quality criterjon that is used to processing 'Radish Kimchi' and as
well as other food recipes. However, little information is available on their
textural characteristics in order to specify their optimum usage as a food

resource.

It is generally accepted that tissue firmness is largely attributed to cell wall
composition and structure, turgor pressure of the tissue, and reserve materials
such as starch in the tissue. Much of the study supporting this theory have
come from ripening fruits, such as tomato, kiwi and apples. In these fruits,
loss in tissue firmness during ripening accomponies with hydrolysis of cell

wall polysaccharides, which leads fruit to soften.

Change in firmness of tissues other than fruit has not been studied in
detail although it serves an important factor in quality evaluation of the
product. In radish roots, though a few research had been performed, a clear
relationsip between tissue firmness and cell wall materials was not observed

yet,

The objective of the present study was to determine textural characteristics

of radish root; and a temporal relationship between firmness of radish roots
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and their cell wall components. Secondly, textural parameters as well as other
quality aspects were compared during cooking and processing of representative
cultivars in relation to define optimum usage of individual cultivar. In
addition, inheritability of radish roots with regard to their texture parameters
amon representive cultivars with parent, Fi, back-crooses, and F» generations

were determined.

Section 1. Relationship between root firmness and cell wall compositon as well

as their inheritance.

An individual root was divided into three sections from hypocotyl to
bottom end. When their firmness were measured by either compressibility or
shear force, the differences in the magnitude of root firmness among cultivars
remained the same. Root tissue firmness was the highest in 'Altari' type and
lowest in 'Spring season' type. Relationship between external characteristics and
tissue firmness show that hardness is lower as heavier and longer radish. Dry
matter, cell wall and starch contents were high in 'Altari' type, showing 8%,
1.5% and 0.15% of fresh tissue, respectively. The amount of Calcium in radish
tissue were between 150 and 280 g per gram fresh weight. The Mg contents

in fresh tissue were between 45 and 87ug per gfw.

Cellulose is the most abundant component in radish cell \;vall, ranging
3,000 to 7,500ug per gfw. The amounts of polyuronides in cell wall were
between 2,000 and 6,000ug per gfw, and Total non-cellulosic neutral sugars
(NCNS) contents in cell wall were between 500 and 1,5004g per gfw of root
tissue. It was found that tiss{xe firmness was highly correlated with the
amounts of dry matter in the tissue (r=0.97), total non-cellulosic neutral sugars
in cell wall(r=0.94), with cell wall content (r=0.88). More over, all constituents
of NSNC show high relationship with firmness, especially galactosyl fraction

related high with tissue firmness value 0.88(r).
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The genetic characteristics which influence on tissue firmness were focused
on examining textural characters among parents, Fi, F, and back-cross (BC)
generations. It was clearly demonstrated that domestic radish cultivars have
been bred based on degree of their hybrid vigor with regard to root weight,
root length, and root diameter, but not root hardness. Firmness of F1 roots
were softer than their parent, It was found that tissue firmness in radish roots
was inherited dominantly by less firmer parental lines. In addition, the percent
dry matter was always decreased in F1 generations compared to their parental

lines so is starch content of the tissue.

The firmness of roots as well as starch content from F, generations shows
the complete or close to normal distribution. The heritability and heterosis of
starch index were the highest in 'Chungun' and 'Baekbong', and, in case of
tissue firmness, these were mostly in high, especially in 'Chungun'. The

cotrelations between starch index and firmness were shown(r2=0.85).

Section 2. Determination of radish root with an optimum usage during cooking
and processing

This study has been designed to find out the optimum cooking use the
according to the quality characteristics when radish roots of various cultivars
were cooked by heating or non-heating. It was selected to Mooguk for heated
cookery and Nabakkimchi for non-heated cookery in solid and liquid type. It
was selected to cooked radish potherbs for heated cookery and radish salad for
non-heated cookery in solid type. Mooguk was investigated changes in quality
characteristics by 10, 20, 30 min. heating. The quality characteristics of
Nabakkimchi stored at 8°C for 1, 2, 3, 4 day after kept at 25C for 12 hour
and stored at 8¢ for 1, 3, S5, 7, 9 day were made comparative study.
Hardness and sensory characteristics of cooked radish potherbs and radish salad

was investigated and compared.



Sweentness of Mooguk before heating was highest in 'Fall season' type and
lowest in 'spring season’ type. As heated, solid sweetness was decreased and
difference of samples was shortened at 30 min. heating. As heated, lightness
was decreased and yellowness was increased and so Daeburyoung was lowest
in lightness and most yellow. Haziness of Mooguk soup was increased dy
heating and accordingly 'Spring season' type and 'Summer season' type were
suddenly changed than ‘Full season' type. Mooguk solid weight was decreased

after cooking but effect of heating time was little.

Hardness of 'Taebaek’ radish was highest before heating but suddenly
softened by heating then 'Baekkwang' radish was the highest after 30 min.
heating. 'Taebaek' showed the highest percentage in dry weight and cell wall
materials in raw radish, As heating time was passed, dry weight and cell wall
weight was decreased then the difference of sample was shortened.
Consequently, it was found that dry weight and cell wall weight were
correlated with tissue hardness. The result of analysis in component of radish
cell wall, polyuronides were dissolved in every radish cultivars. TNCNS(Total
non-cellulosic neutral susars) was dissolved a little in Daeburyoung and
remarkably in Taebaek and Chungwoon. So it was found that sudden soften of
hardness according to 'Fall saeson' type was heated, was related TNCNS.
Especially it was supposed that reduce of arabinose, xylose, glucose and

galactose in 'Taebaek' and 'Chungwoon' was related hardness in 'Fall season'

type.

Starch contents was a little in 'Baekkwang’, while 'Daeburyoung’ and
'"Taebaek' were relatively high, ranging approximately 1.0%. As 'Daeburyoung’

and 'Chungwoon' was heated, starch contents was decreased.

Results of sensory evaluation, in the case of Mooguk solid as heating time

was elapsed, hardness was decreased, color was lighted, appearance was not
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big difference among the in cultivars, respectively. As Mooguk liquid was
heated, color was deep, turbidity tended to gradually increase. The sample
heated for 20min. was evaluated the best for Baekkwang, Daeburyoung and
Chungwoon. In case of Taebaek, the best sample was the one heated for
30min. In additoin to, when every cultivars was heated for 20min. equally,

Chongwoon was estimated to be the best.

It was concluded that 'Chungwoon' was the best cultivar for Mooguk
among the 4 cultivars. 'Daeburyoung’ was second to 'Chungwoon' because
there was not significant between the sample. Otherwise if heating time is

increased, difference among tissues reduced to no significance.

In the case of Nabakkimchi solid, sweetness of sample just manufactured
was highest in 'Fall season' type. Sweetness of solid was gradually decreased
and it of liquid was increased and tended to increase again after then. The
pH of the aqueous solution was suddenly decreased to 2 day at 8C after
preliminary fermentation and to 5 day at 8°C after just manufactured. Acidity
was suddenly increased to 2 day at 8C after preliminary fermentation and
since 3 day at 8°C after just manufactured. Vitamin C content of solid was
suddenly decreased at 1 day refrigeration after preliminary fermentation. In the
case of liquid, it was detected since 2 day refrigeration and vitamin C content
was much in Baekkwang at initial fermentation period but both solid and
liquid was much in Daeburyoung with the lapse of time. In the case of
refrigeration storage, it tended to decrease and a little increase again after then
for solid. It was detected at 9 day refrigeration for Baekkwang and 7 day

refrigeration for Daeburyoung.
Hardness of Taebaek was highest at just manufactured and also hardness of

‘Fall season' type was relatively high after storage. As storage extended,

lightness was decreased and especially, Taecbaek was rapidly changed.
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In the case of preliminary fermentation, haziness of liquid was rapidly
increased at preliminary fermentation stage. It was sudden increase between 3
day and 5 day in the case of refrigeration storage. Results of sensory
evaluation, hardness of solid at 8°C storage was higher one of preliminary
fermentation and 'Fall season' type was evaluated the most hard. There was not
significant in liquid. Chungwoon stored 2 day after preliminary fermentation
was estimated to be the best and was not significant with sample 3 day stored
after preliminary fermentation. The sample stored at 8°C was estimated
relatively better than one of preliminary fermentation and to be the second. In
the case of 'Spring season' type, sample stored at 8°C was evaluated to be the
better. And in the case of 'Fall season' type, sample stored 8C after

preliminary fermentation was estimated to be the better.

Consequently, Chungwoon was the best cultivar for Nabakkimchi and
Baekkwang was the second. It was recommended that Nabakkimchi with
Chungwoon was 2, 3 day stored at 8C after preliminary fermentation. It was
possible that Baekkwang has replaced Chungwoon when 'Fall season’ type
could not supplied. In the case of Baekkwang, the best fermentation condition

was 5, 7 day to be stored at 8TC.

In this study, we measured quality parameters including general nutritive
components, sugar contents and hardness by kind and part of radish in order
to apply these factors as basic information in processing Dongchimi, and we
purposed to provide basic information for selection of appropriate kind in
making Dongchimi and processing aptitude with pH for storage, change of

total acidity, hardness and sense test in making Dongchimi by kind.
Kinds of radish used in experiment were Kwandong, Paekbong and 96371 as

spring radish and we divided these into the upper and middle and bottom then

we measured moisture content, ash content, sugar contents, pH and total
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acidity. In moisture content, Paekbong was the highest for 94.6% and 96371
was the lowest for 93.9%. It did not show difference. In ash content, 96371
was higher than other kinds for 11.03% and the bottom part was higher than
other parts. In sugar contents, 96371 was the highest for 4.5 °“Brix. PH did
not show difference in 5.7~5.8 and acidity did not also show difference in
0.10~0.11%. In hardness, 96371 was higher than other kinds for 113.15 N/m’
(X 10%).

We measured change for storage with aging of Domgchimi in condition of
3% salt concentration, 4°C storage temperature by kind. PH of liquid showed a
tendency to decrease progressively. And it decreased slowly in the beginning
of fermentation, rapidly in the middle and slowly in the last. Acidity increased
as passing of aging period and its change phase was in inverse proportion to
pH. Hardness decreased rapidly by 6 storage day and increased by 21day and
decreased slowly. The change phase of 96371 showed slowly for 119.7~86.0
N/m%(X 10%) than others by part. Sense test performed for 20 and 26 storage
day, when it is showed 3.9+0.1 for pH and 0.2~0.3% for total acidity in,
and 96371 got high grade in whole taste. As a results of these, appropriate
kind in processing aptitude of Dongchimi showed features as follows; moisture
content was low; and ash content, sugar contents and hardness were high; and

hardness was high in processing storage. And 96371 satisfied these features.
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Testing Instrument(Food Technology co. )& ©|-&3}o] compressibility®}
shear forceE ZHAAF}gch. < 1.

vertical \l \Z horizo_ntal

section section

@2X2X1

Fig, 1. Diagram of the sample preparation of radish roots for

determination of tissue firmness,
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50mlE AUiste] AEer F 23 AALE acetone 40mlE 2fA} F&SAL
a2 AAE FAY F gt 2 AZYE F3ste] cellulose,
polyuronide 18] non-cellulosic neutral sugar®] ¥&& &I F

24E4 & st

2) Ay gge] gz

7}) Polyuronide: A13¥ 10mgS 2mle] 2%+ Hrate] Y3 Jztuto] Al
Fhags] A7) F 45U F&3t] 0.4nlE 28] 4049
sul famate-KOHS} 2. 4m1 2] 75mM sodium tetraborated 7} F 203t Fo
B3] 3 0, 15% n-phenylphenol & WAAl# 0.D, 525nmoll A 7 & stoict.

1)) Cellulose: M 10mgg lml 2N Trifluoroacetic acid(TFA)e]
Wil 1A B9 121CollA Bagt ¥, FE5AE AASL &E2 At
1m12] 78% 3ato] Wi 71483 g F AnthronQZE UAA|A 0.D.

620nmoll A} A gFstedct.

_11_



Fresh tissue
Lyophilized
Dried tissue

Homogenize
w/ 80% EtOH

l

Supernatant AlS

Homogenize w/
CHL/MeOH(1:1,v/v)

l |

Supernatant Resjdue

Washing w/

Acetone
Supernatant Residue
Starch removal
w/ a-amylase
and kept in vacuo
Supernatant Crude cell wall

Fig. 1. Outline of the cell wall extraction procedure,
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Cell wall material

|

2N TFA Hydrolysis

| |

Supernatant Residue
Dried I
Cold H,SO4 w/ Na 78% H2S04
Alditol acetate
Uronic acids Derivatives Glucose
m-phenylpheno! test GC-FID Anthrone test
(Polyuronides) (Non-cellulosic neutral sugars) (Cellulose)

Fig. 2. Outline of quantification of cell wall composition.

t}) Non-cellulosic neutral sugar(NCN): A% 10mgg& 1lml 2N
Trifluorcacetic acid(TFA)oll ¥ 1A ZHEQt 121 CollA &3] F
MEolg 2] ALTIAE o]Bs] HMF] Az ARH AEE Inl
TFAZ 23lAA 258 ¥ Z2z Ax Az F U4dL F/HTE o83
23] A]z] # phenol-sulfuric acid& o]-&3&}o] HMAI# 0.D
total non-cellulosic neutral sugar(TNCN)®] ¥arg ZAdIIa, ‘iof#]

H}Z2.2 alditol acetate§EAE ThE T GC-FIDE NONE 43t

Column: 5% phenylmethyl silicone 30m(0.25 mm i.d.) capiliary column

[njector temp: 220C
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Table 1. Regression analyses for tissue firmness measured from upper,

middle, and lower sections of radish roots.

Compressibility Shear force
Coefficient Coefficient
Cultivars Measurement
Slope’ of S| of
ope ope
P determinatio P determinatio
n n
Vertical -2.5 0.85 -0.4 0.40
Housebom
i -3.5 1.00 -0.4 0.92
Horizontal
Vertical -22.0 0.96 -3.5 0.98
Baekja
. -18.9 0.96 -2.1 0.86
Horizontal

% Obtained from the equation Y=aX+b, where Y means tissue firmness

and X represents three different sections in radish roots
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Table 2. Regression analyses of textural parameters with average of
tissue compressibility and shear force obtained from upper, middle,

and lower sections of ‘Housebom’ and Baekja® radish roots.

Compressibility Shear force
Parameters Coefficient Coefficient
Slope” of Slope of
determination determination
Dry matter(% of FW) 3.94%10™ 0.974 2.89%10™ 1.000
Crude cell wall = =
1.19X10 0.992 8.63X10 0.996
(% of FW)

Ca* (mg/gfw) 3.48x10™ 0.983 2.54 %107 1.000
Mg” (mg/gfw) 7.31x10° 0.946 5.42%x10™ 0.993
Cellulose(mg/gfw) 2.96 %107 0.996 2.10x107 0.953
Polyuronide(mg/gfw) 1.89x107° 0.105 1.96x10 0.215
TNCNS (mg/gfw) 2.31 X107 0.995 1.66x107* 0.992

% Obtained from the eqution Y=aX+bh, where Y means numeral value of
each parameter and X represents tissue firmness from three different

sections in radish roots,
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Table 3. Composition off non-cellulosic neutral sugars content of

cell wall in 'Housebom’ and ‘Baekja’ radish roots(mg/g C.W. ).

Cultivar Section

Non-cellulosic neutral sugar content

RHA  ARA XYL MAN  GLC  GAL  Total
Upper 10,6 20,1 14.1 4.1 141 11.4  74.4

Middle 7.8 151 9.8 43 120 84  57.4

Housebom  Lower 8.9 185 1.9 3.7 13.8 11.9 68,7
Average 9.1 17.9 11.9 4.1 13.3 10.6 66.8

Upper 134 285 14.6 4.6 253 286  115.0

Middle 13,7 31.4 16,5 56 234 346  125.2

Baekia | wer 121 23.5 124 4.1 19.8 30.6  102.5
average 13.1 27.8 14.5 4.8 22.8 31.3 114.2
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Fig. 2. Comparison of tissue firmness of radish roots measured
as either compressibility(A,B) or shear force(C,D). Data
represent means +S.E. from 20 radish roots of each cul-
tivars.

The firmness was measured either vertical(longitudinal)
direction(A,C) or horizontal{cross-sectional) direction(B,D).
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Dry matter(% of FW)

Cell wall(% of FW)

Fig. 3. Relationship between tissue firmness and dry matter or

1.8

1.5

1.2

Compressibility
] I ] I}

Shear force
h If cl

I

A TB ]
L -+ _
ettt
F C ./‘/. T D -/ N
N ; -}~ { ® Housebom -

8 Baekja
1] } | ! L ! L
30 45 B0 75 90 8 10 12

Firmness(10*+ N /m?)

cell wall contents in radish roots.
A,B: Dry matter content vs tissue firmness.
C,D: Cell wall content vs tissue firmness.

For measuring dry matter and cell wall contents, 20 roots
were dissected into three parts and each parts were pooled
into 3 replicas.
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Ca contents(ug /gfw)

Mg contents(ug /gfw)

Fi

g

Compressibility Shear force

—
A B
2807 @ T 1
[ ]
240 [ T 7
200 [ n T w u 1
o
160 [ | | : [ | ] | .
] I T If { I | 1 I |
| C 1D R
75 |
601 n T I/ |
[
451 ‘l T |
® Housebom
30 P-\ L | { l;‘_ | | .i Bae}(‘,a 1

30 45 60 75 90 8 10 12 14 16

Firmness(10* N /m?)

. 4. Relationship between divalent cations and tissue firmness
in radish roots.
AB: Ca** content vs tissue firmness.
C.D: Mg2+ content vs tissue firmness.
For measuring Ca** and Mg?* contents, 20 roots were dis-
sected into three parts and each parts were pooled into 3
replicas.
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Fig. 5. Relationship between cell wall polysaccharide content and
tissue compressibility in radish roots.
A: Cellulose contents vs tissue compressibility
B: Polyuronide vs tissue compressibility
C: Total non-cellulosic neutral sugar contents vs tissue
compressibility
e and W indicate 'housebom' and 'Baekja’ radish. Sugar contents
show milligrams per gram of fresh tissue.
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Table 1. Comparison of tissue firmness of radish roots cultivated in

spring season measured as compressibility. (10° XN/m%)

Section
Cultivars Direction
Upper Middle Lower Mean

Vertical 500, 6 4590 455, 6 468, 9a“

Horizontal 487.6 439.3 453. 4 459, 5a
Housebom

Mean 493 3a’ 454 . 5b 449. 1b

Vertical 932.2 846. 7 834.7 869. 5a

Horizontal 996, 3 889.0 800.6 898. 0a
Baekja

Mean 960. 1a 866. 3b 821.4b

For measuring firmness, 20 roots were dissected into two parts which
consist of vertical and horizontal direction, and each parts were
divided to three part, upper, middle and lower,

Mean separation within column by DMRT at 5% level,

"Mean separation within root section by DMRT at 5% level,
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Table 2. Comparison of tissue firmness of radish roots cultivated in

fall season measured as compressibility. (103><N/m2)

Section
Cultivars Direction
Upper Middle Lower Mean
Vertical 383.3 374.4 3547 371.1b°
464.2 426.5 405.5 431. 3a
Horizontal
Housebom
Mean 421.3a" 400, 4ab 380.1b
Vertical 841.6 631.6 539.4 673.5b
) 892.1 715, 8 631.6 746. 5a
. Horizontal
Baekja
Mean 866. 8a 677.7b 585. 5¢

Z¥see the table 1.
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Table 3, Comparison of tissue firmness of radish roots cultivated in

spring season measured as shear force. (103><N/m2}

Section
Cultivars Direction
Upper Middle Lower Mean
Vertical 108.0 103.3 99.5 103. 6a“
. i 96.2 91.4 90.8 92.7a
Housebom Horizonta
Mean 102.0a’ 97. 4ab 95.1b
Vertical 178.0 159, 3 148.1 161.7a
. 167.0 148.4 144.0 153. 3a
. Horizontal
Baekja
Mean 173, 8a 154, 5b 146, bb

L*see the table 1.
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Table 4. Comparison of tissue firmness of radish roots cultivated in

fall season measured as shear force.(103><N/m2)

Section
Cultivars Direction
Upper Middle Lower  Mean
Vertical 156.0 125.5 110.3 130. 0a°“
. 88.9 84.1 80.5 84. 6b
Horizontal
Housebom
Mean 102. 3a’ 104. 8a 95.4b
Vertical 161.7 131.9 114.5 138.1a
. 148. 4 123.8 119.8 126.0b
B , Horizontal
aekja
Mean 155.1a 127.8b 117.3b

“*see the table 1.
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Fig. 1. Comparison of tissue firmness measured either vertical
and or horizontal directions. The data was obtained from

the average of upper, middle and lower sections of 20 root in
each cultivars. Average root firmness by the two methods is
shown as 'M’.

A: Taebaek B: Baekja C: Chungwoon D: Daejin

E: Daeburyoung F: Baekryoungminhong G: Heungnong

H: Baekkwang I: House M: Mean
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Fig. 2. Comparison of tissue firmness among sections.

Radish roots were divided to three part: upper, middle, and

lower. The data were obtained from the average of vertical

and horizontal direction of 20 root for each cultivar.

Overall average root firmness of each section is shown at

right most,

U: Upper section, M: Middle section, L: Lower section
A: Chudong B: Sinjin C: Taibaek D: Baekja

E: Chungwoon F: Daeburyoung G: Daejin

H: Baekryongminong 1 : Hungnong J: Baekkwang

K: House M: Mean
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Fig. 3. Comparison of tissue firmness of radish roots measured as
shear force. The data were obtained from the average of
three sections(upper, middle and lower) and directions
(vertical and horizontal) of 20 root in each cultivar.

Mean separation within columns by DMRT at the 5% level.
1: Sinjin, 2: Chudong, 3: Dongja, 4: Chusock, 5: Hungnhong

6: Baekryongminhong, 7: Baekkwang, 8: House, 9: Daejin

10: Daeburyoung, 11: Baekja, 12: Chungwoon, 13: Taebaek
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Fig. 4. Relationship between tissue firmness and diameter
(A), length(B) and fresh weight(C) of radish root.
Number of roots was 20.

*%: significance at P< 0.01.
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Fig. 5. Relationship between tissue firmness and dry matter
(A), cell wall material(B) and starch(C) contents in
radish root. For measuring dry matter and cell wall
material and starch contents, 20 roots were dissected
into three parts and each parts were pooled into 3

replicas. ** mean significances at P<0.01.
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Fig. 7. Relationship between tissue firmness and cellulose(A),
polyuronides(B) and total non-cellulosic neutral sugars
(C) contents in radish root. For measuring cell wall
polysaccharides contents, 20 roots were dissected into
three parts and each parts were pooled into 3 replicas.
% and ** mean not significace or significances at

P<0.05 and 0.01, respectively.
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Fig. 8. Relationship between tissue firmness and contents of

non-celluosic neutral sugars in radish root,

For measuring cell wall polysaccharides contents,

20 roots from 13 cultivars were dissected into three
parts and each parts were pooled into 3 replicas.

%, and ** mean not significace or significances at
P<0.05 and 0.01, respectively.

RHA: rhamnose, ARA: arabinose, XYL: xylose,

MAN: mannose, GAL: galactose, GLC: glucose
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Comparison of Firmness and Dry matter
in 4 Cultivars and their parents
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Table 1. Comparison of heritability and hetercsis of starch index and
firmness in three radish cultivars(F1), their parents, F», and

backcross generations,

Chungwoon Kwandong Bakbong
Starch Index
Heritability 0.93 (0.91)" 0.47 (0.24) 0.73 (0.43)
Heterosis 122.4 110.0 93.2
Heterobeltrosis 142. 3 117.5 114.9
Firmness
Heritability 0.87 (0.61) 0.66 {-) 0.52 (0.28)
Heterosis 85.5 94.1 81.7
Hetercbeltrosis 77.2 82.1 68. 4

’ values in parentheses mean narrow sense of heritability,
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Table 2. Correlation coefficients between tissue firmness and starch

index in four radish cultivars(Fi), their parents, Fg, and backcross

generations,
Chungwoon Kwandong Bakbong Baeckwang
Fy -0.52™ -0.42™ -0, 02™ -0.11™
P, 0.13™ -0.17™ -0,17™ -0.55™
P; -0,60™ -0.60™ -0.06™ -
BC -0.41° -0.57" -0. 44" -0. 34"
BCa -0.52" -0.10™ -0.50™ -0.11™
Fa -0, 30" -0.02™ -0. 48" -0. 30°
Total -0.38” -0.28™ -0. 39" -
g, B 230 3w B4 AxEY AJUEH
1) ‘He 7te o su¥ds 84 544 237
I
g (B g2 | 25 | 2% | 23 | B= ZAES| M2
o3k | 1.00
A 0,62 1.00
g2 10,737 0.76" | 1.00
oz 10,417 ]0.817 | 0.54™ | 1.00
23 10,35 | 0.66™ |0.50™ {0.55" | 1.00
27 10.44% 10,88 0.53%]0.717 | 0.34 | 1.00
A% |-0.34"|-0.31"|-0,20"|-0.30"|-0,12"|-0.30""| 1.00
AE-g(-0.33"]0.35" |-0.25""|-0.31""|-0,31""|-0. 23" 0.42" | 1.00 i
A% | o.17 | 0.19° |0.10™ | 0.20" 10,357 | 0.03™ |-0.38"|-0.63"| 1.00 °
wr 1%2] S-21x, x 0.5%2] S, ns FA QS
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2) 9 (AdE 95307) B AW U BHAAS YHEY

4% |AAE| 9% | 25 | 2% | 2% | Ax |BEe| M=

'-‘g%j" 1.00

A% |-0.22"| 1,00

¢z (0.79"]0.25" | 1.00

22 |-0,23"0.99" | 0.18™ | 1.00

22 0.02™|0.65™10.30" [0.65" | 1.00

27 10.09™ 0,72 ]0.38° | 0.71™ | 0.21™ | 1.00

A% [-0.08"|-0.31"|-0.15"|-0.33"|-0,20"|-0.22""| 1.00

A2 [-0.05"]-0,04™|-0.01|-0,05™| 0.06™ |-0.04™ 0.26" | 1.00

A% [-0.06™| 0,31 | 0.06™ |0.31** | 0.34 | 0.01™ |-0.42""|-0,14™] 1.00

o 1%2] 5212}
¥ 0.5%2] %22

ns o2 Gl

3) VE ABTY $YTA U B FUEY

M

)
i
o

g3 |HAE| 9% | 22 | 2% | 2% | B=E

o3 | 1,00

AAZ0.627 1 1.00

g2 10.78710,78"7 | 1.00

22 10.54"10,997 0,677 1'1.00

=3 0,18 0.53]0.26™ [0.56™ | 1.00

27 10.54(0.837]0.64"0.82”0.14™ | 1.00

AT |-0.06"{-0,33"]-0.14"|-0.36"|-0.49°"[-0.13"| 1.00

AES0.01™ 10,227 ] 0.16° | 0.23™ [ 0.11™10,14™ ] 0.28™ | 1.00

A 10,1277 [0, 11" | 0.05™ | 0,12™ |-0,01™]-0.01"{-0,10™}-0.34""| 1.00

s 1w9] S}, ¢ 0.5%8) Fexl ns 2 G
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RE2A
el 89| Heterosis Hetero‘bel tios
is
0.39 -0.76 128.86 117.16
0.77 0.41 162.55 139,14
0.63 -0,17 102.01 86. 66
0.79 0.40 182.85 156. 93
0.79 1.95 107,73 100,00
0.79 0.37 124,40 124,32
0.61 0.75 85,48 77.11
0.62 -0.05 74.27 65. 44
0.93 0.91 122,36 134,38
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ey 3 ZE A
; e _ Hoterosis Heterc:b:zltios
q% 0.75 0.06 108.95 104. 20
A5 0.86 0.49 127.52 114.53
d% 0.75 0.39 85.45 73.63
% 0.87 0.57 139,91 127.25
=% 0.90 1.06 114.80 107. 07
=+7% 0.86 0.53 112.79 112.07
AT 0.52 0.28 81.69 68. 45
A&Es 0.68 0.71 69.02 62. 56
AR5 0.73 0.43 93.18 78.36 |
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HEBA
gel Hoterosis Heterobeltiosi
s

0. 64 124,22 124,42
-0.14 146.62 127,65

0.42 120,33 107,72
-0.12 155,12 133.85
-0, 92 109,09 92.93

0.63 118.99 116. 36
-0.18 94,06 82.12
-0.29 88.09 87. 40

0.24 107.85 115.30
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5) pH: pHie & ARE-3te] pH meter(Jenco, USA)E & 3}gicl,

6) 22 U ZAZ A oYL spectrophotometer(GBC, Australia)
2 600nmofl A ST

7) F4tZ: 4l=3= 0.1% phenolphtaleing A AL E o] 10mlE £3}
A7le ol 28 0.IN NaOH2] £3H(ml) HAt (%) 22 Hatsle] ¥
Al8tolct,

8) witak: uhglekl AR E 80% ethanol} o] of 2}3t F centrifuge
(12,000 X g, 15min)8}e] AFZ o)L Sep-Pak Cis2 A et o 2ol g 224
71 & HPLC(Gilson 702,France)E& ©|-&3}o] &3 stic)

B dEdA] 232 244 2 #4

3228 e HASte] BE 2x2X2n’ cube® A AR} F o Ly
(1, 2, 3%), GAR|ZHHE(30, 60, 120, 240, 360min)T 2Z | $EM3}l o
B=E T F AR P PHE 2L

=

- I Aed AR FAEZ FAT A Ay ZHSLE FFH
A& o|&slo] A AsIH FAE FHsACL

- BAxEA: ZF Ae2EE 10712] cubeE Universal Testing Instrument
(Food Technology co. )& ©]-83}¢] compressibilityE 433}

- AEF 5% L ARy 25 4 248 FE FFE upE 23S
22 7Az3lo] dEES ZAIRE ¥ 80% ethanol 100mlE 2 7}8}o] alchole
insoluble solides(AIS)& F&F F, M4 @ AL AA sH71$3] AlS
o] chloroform/methancl(1:1,v
AHE acetone 50ml 2 2|2} F£&sta 1 FAME FAYL F FFSAUCL F
2% N XYL F3ldte] cellulose, polyuronide 12|

1A
non-cellulosic neutral sugar(TNCN)2] 3tk =3 3}olct,
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1) Polyuronide: AM|3Z¥ 10mgE 2mle] ZgF Fibe] @i WJdztsbox 7}
FE] A F A FYL F&5310] 0.4m1E 23] 4042 sul famate-KOH
o} 2.4ml2] 75uM sodium tetraborated EH7} F 20837 & &I F
0.15% m-phenylphenol & A5 0.D, 525nmol| A & akstai .

2) Cellulose: A|EYE 10mge Ilml 2N Trifluorocacetic acid(TFA)ol] @2
1A B 121C oA E3l3 F, A5d& AAD &2 Fatel 1ol
78% Fxto]l Wi JbpE3] 8 = Anthron® Z A 0.D. 620nmof| A
g estaict

3) TNCN: A% 10mg2 Iml 2N Trifluoroacetic acid(TFA)oll €3 14]
BEt 121CollM 237t 7, 45HE& 3 phenol-sulfuric acidE ol
Btod WAl A 0.D. 425nmoll A g aFstoict.

2. d7UE

2 ARl e B2E olgsle o] wE 2] Bzl
7 9 zHAPE BUIE] ST J2AP o2 A s Y &
3& Brstdct
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Table 1. Moisture content of radish roots in upper, middle, and lower

sections(%).
Section
Cultivars
Upper Middle Lower Mean

Baekkwang 93.6 94,3 94.1 94, 0°
Baekja 92.0 92.5 92.7 92.6°
Taebaek 91.0 91.9 91.5 91,3°
Daeburyoung 92.6 93.1 92.8 92,8
Dongja 91.1 92.0 92.1 91.7°
Chudong 91.5 92.2 92.3 91.9°
Mean 92.0° 92.6" 92.6°

Table 2. Ash content of radish roots(% of DW).

Section
Cultivars
Upper Middle Lower Mean

Baekkwang 8.35 9.68 8.46 8.83"
Baekja 6.52 9.14 8.72 8.13°
Taebaek 5.71 8.56 8.96 7.74%
Daeburyoung 7.06 8.51 8.68 8.08°
Dongja 6.87 8.47 8.84 8.06"
Chudong 6.08 7.85 8.25 7.39°
Mean 6,.77° 8.70° 8.65°
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Table 3. Crude Protein content of radish roots(% of DW).

Section

Cultivars Upper Middle Lower Mean
Baekkwang 13.59 6.72 5.40 8.57"
Baekja 10,62 8.73 7.32 8.89°
Taebaek 7.54 7.81 5.98 7.11°
Daeburyoung 11,17 8.80 8.08 9.35°
Dongja 8.09 8.21 - 8.15°
Chudong 5,33 5.87 - 5. 60°
Mean 9,39° 7.69° 6.70°

Table 4. Sugar concentration of radish roots(Brix)

Section

Cultivars

Upper Middle Lower Mean
Baekkwang 5.1 5.0 4.9 5.0°
Baekja 6.3 6.3 57 6.1°
Taebaek 7.0 6.8 6.1 6.6°
Daeburyoung 5.9 5.9 5.6 5.8
Dongja 5.9 5.7 5.2 5.6
Chudong 5.9 5.6 5.4 5.6°
Mean 6.0° 5.9 5.5°
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Table 5. pH of radish roots.

Section
Cultivars
Upper Middle Lower Mean
Baekkwang 6.7 6.5 6.3 6.5°
Baekja 6.8 6.5 6.5 6.6°
Taebaek 6.9 6.8 6.6 6.8°
Daeburyoung 6.5 6.4 6.2 6.3°
Dongja 6.8 6.5 6.4 6.5°
Chudong 6.7 6.5 6.3 6.5
Mean 6.7 6.5° 6. 4°
Table 6. Absorbance of radish roots(0D 600nm),
Section
Cultivars
Upper Middle Lower Mean
Baekkwang 0.2 0.2 0.2 0.2°
Baekja 0.3 0.3 0.2 0.3
Tashaek 0.3 0.3 0.3 0.3°
Daeburyoung 0.2 0.2 0.2 0.2°
Dongja 0.1 0.2 0.1 0.2°
Chudong 0.2 0.2 0.2 0.2°
Mean 0.2° 0.2° 0.2°
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Table 7. Total acidity of radish roots(% of lactic acid)

Section

Cultivars

Upper Middle Lower Mean
Baekkwang 0.11 0.10 0.10 0.11°
Baek ja 0.11 0.12 0.13 0.12°
Taebaek 0.11 0.10 0.11 0.11°
Daeburyoung 0.12 0.13 0.13 0.12°
Dongja 0.10 0.10 0.10 0.10°
Chudong 0.10 0.10 0.10 0.10°
Mean 0.11° 0.11° 0.11°
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Table 8. Sugar content of radish roots in upper, middle, and lower

sections,
pgmoles of g FW
Cultivars Section'’

Sucrose Glucose Fructose Total

U 0.9 14.6 15.5 31.0

M 0.6 17.7 17. 4 35.6

Baekkwang L 0.8 15.0 16.2 32.0
Mean 0.7 15, 8° 16.4°

U 1.2 24. 4 17.3 42.9

M 2.0 22.5 18.6 43.1

Baekja L 0.7 24,2 13.1 38.0
Mean 1.3 23.7° 16.3°

U 1.2 25.9 23.1 50.2

M 1.3 28.1 17.7 47.1

Taebaek L 1.0 25.2 16.8 43.1
Mean 1,2° 26. 4° 19.2°

U 1.1 20.2 18.6 39.8

M 0.8 20.7 20.3 41.8

Daeburyoung L 0.6 19.4 17.1 37.1
Mean 0.8% 20.1° 18.6°

U 2.6 24.2 21.9 48.7

M 1.9 22.1 17.4 41.4

Dongja L 1.9 27.7 17.9 47.5
Mean 2.1° 24.7° 19.1°

9] 2.7 20.9 19.6 43.2 .

M 3.0 31.4 26.9 61.3

Choodong L 2. 5 29. 5 22. 8 54. 8
Mean 2.7° 27.3 23.1°

Dy upper section
M: middle section
L: lower section

- 81 -



v dEUA 7Y B9ty 79

E 1, 2, 3% &2F§do] EHY 3IA +E2HYE ARG 4
I} AR ALE 1005 7HASIL 0EFols 22t 96.2, 89.4, 87.0%E
F43] Z4E £FEYY &I EETE WL Wtk EF 64
7t Fol= Frako] zbzh 95.8, 76.4, 72.1%% ZrAEArTE 67 dAYE

4 FEALEYS 30EAtelol JHY wokil 3 A A|Zte] At Eof

-

P cubeE Instrond ©]-83}e] compression testE ¥t A} F cubel]
AEE AR Afol: 610.1(N/*x10°) 0| g3, FEZL7 FH3IEH
1A 274218 2} d% e B cubed] ZFEE 570.0, 529.3, 513.0(N/m’X
1022 Zastgdon & FeEolde F cubed] ZE7t VA AL
stach. ZEU 1Ael el MM E7tete] 6xFelE BES} 22
627.8, 612.4, 591.5(N/m*x10° & Uehjgct o|RL 1A 77A] &= A 2L
Aol e ARl &ste] B cube MEUWFY £Fo] H4EIL AEZHA
7V #aEAH Aol Z4ste Ao FAHcHIY 2).

AR A7 F ol wiel AEY P& F cellulose= A|Zo] A d+F
ol F718td2m polyuronidet AjZte] AdaF o] 4G

neutral sugaris AlZbo] A|\¢48 ool F7lsHe AR HITh

- 82 -



Table 1. Composition of sugar conntents in cell wall of

radish(Housebom) root,

Treatment Sugar Content in C W(%)
Cellulose Uronide Neutral sugar

Fresh radish 20, 36 53.13 12.13

1% 18.40 45. 83 7.01

0.5hr 2% 26.99 42.10 11.46
3% 23.89 45, 55 15.59

1% 26.42 34.60 10,27

lhr 2% 30.74 51.60 12.20
3% 25,98 32.76 13.77

1% 25.40 46. 20 10. 85

2hr 2% 23,07 45. 87 9.42
3% 28.22 34,57 15.48.

1% 25.01 45.17 16.17

4hr 2% 28.72 37.00 15.63
3% 26.89 39.19 14,21

1% 26.11 38.40 15.22

6hr 2% 25.72 48.55 15,69
3% 26.36 47,67 16.53

* D.M.C ¢ Dry Matter Contents

# C,W.C : Cell W_all Contents
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Salting time(min)
Fig. 1. Changes in moisture contents of radish cubes during
salting at various salinity. Data was obtained from 10 replicas.
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Tissue firmness(10> N/m?)
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480 [ 2% NaCl
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(S 1 1

0 30 60 120 240 360
Salting time(min)

Fig. 2. Changes in tissue firmness of radish cubes during salting
at various salinity. Data was obtained from 10 replicas.
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Fig. 1. Changes in firmness of Housebom sections
during salting at 2% NaCl solution for 6 days(10°C).
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—m- : Middle section
—A— . Lower section
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Fig. 2. Changes in firmness of middle sections of
radish roots during salting at 5% NaCl solution for
6 hours(20TC).
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Fig. 3. Changes in firmness of Kakdugi of radish
roots during storage at 4°C for 42days.
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Fig. 4. Changes in pH and total acidity of Kakdugi of
radish roots during storage at 4°C for 42days.

—@— : Baekkwang —0O- : Daeburyoung
~ml- @ Baekja —0O- : Chungwoon
—A— [ Taebaek —-a- : Chudong
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Table 1. Sensory evaluation’ of Kakdugi prepared with

radish roots of cultivars stored at 4°C for 24 days.

Cultivars Firmness Brittleness Chewiness Acceptance
Baekkwang 3.9° 4.4 5.6% 4,5
Daeburyung 5,0° 4. 4 5.8% 5.4™
Baek ja 5.1° 4.6 4.9 5,17
Chungwoon 5.3 4.8 6.3" 5.7
Taebaek 6.5° 5.4 5.9 5.8"
Chudong 5. 7% 5.0 5.5% 4.1°
Dongja 5.8% 5.1 5.9% 5,8

“Sensory test(very good, 9

. acceptable, 5
by 10 persons, and points were expressed as mean.
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Fig. 5. Changes in firmness of Kakdugi of radish roots
during storage at 4°C for 21days.

-@— : Taebaek(upper section)
-H- : Taebaek(middle section)
~-A— : Taebaek(lower section)
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Fig. 6. Changes in pH and total acidity of Kakdugi
radish roots during storage at 4T for 21days.
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ste ZAYE Holthzl A3 10 o[ FFE F713ia

3) BXu] A3 F Feo Zx= ¥}

2242 4CoA Y 59 A=E Y AtE Fig. 9 Hrh
& sU7AE AT FE8] A, 2147R] F18icirt 3 Fo
L A ZastsE 2L & 4 ol ESHUsE 963710 1 WHEGY

-1
ol #ntslglon, FHEE I W Fo| IA UEtkith

= 5 8%
e

£& &A% Az Fig. 10, ¥ 1

4) Bxu] 2] AF F ulA
£29 Exu] 92 AF %
2} .
274 Hgo] 10°CFU/meold o] WEyt AYHHA 10°CFU/mE
Eog Z7SItiyt H2E BAF 1 $of & HHE UehdA dgich

FH2E §4 24Yo] WEol Y IA FUE H Hastn, dEH
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96371 2 4=} 4ASA |AEHE FE Vel

Ao 10°CFU/meo]™ o] W7} ABEHA 10°CFU/mE
-4 wistekazt ZA Jeldch 2Jlole 449 xolE Haen}
F7lolE zlol7t gl Ao Hol FF4 F7hY A2 IS €&

ol 4= oltr}.

ol

LAAN= pH7} 3.9£0.1, AT} 0.2~0.3%0] o]2= A 2043}
26 okalo) Ax &A%Y, 1 Azk: Table 2, 33 Zt).

A7) zto] AojA4F vk, FARAY, JYLS Yol F=4 ¥
L 963710] TIE EFof nls] A7l Holxle Z¥E Bilon, AA
JIZEE By 963710] ThE FFol vl A7t w2

d

ol AEL FYs) E wl FXn FHP A FF2 ol
stgog £B3ake] F, BN guI o EHOE F=Ul
£ 7tE A AET 2 RoEA BE, WE, 96371 3EFolA
L 963710] o] AL WUFdtE= AOE LelWT]
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Total acidity{% of lactic acid)
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015
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Fig. 8 B2% Exn] 2 pH © 4% ¥}
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Tissue firmness{N/m2x 10°)

1

0 3 6 10 14 17 19 21 24 286 30 35

R 96371a

Fig. 9 £%4 S0 Fo A W3
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Table. 1 £3&4¥ Hx|n] 2] n|PE 4 W3l

E_Z #* = LI 96371
Davi~.| 7% |2ags| $74 |g0FS| 275 | I05s
0 4.7x106 |2.2x105 [65%X106 |25%105 |7.5x106 |1.9%X105
3 25x107 [4.0%x106 [3.8x107 |2.0x106 |2.6x107 |2.5%106
7 45X 107 |6.4x106 {58x107 (3.1x106 |3.8x107 [4.3%X106
10 6.1x107 |1.1X107 |7.8X107 [6.8x106 |6.7x107 |7.5x106
14 8.4x107 |6.9x107 |1.1X108 [75%107 {8.8x107 |5.1x107
17 1.8X108 |1.3x108 |45x108 |32x108 |25x108 |1.1x108
21 7.1xX108 |7.8x108 [9.0x108 54x108 {9.1x108 [6.5x108
24 LIxX109 [1.4X109 [27x109 [25%X109 |1.2X109 |1.2x109
28 1.3X109 |1.3X109 |2.2X109 |2.0%x109 |1.2x109 [1.2x109
30 1.3x109 (1.3X109 |1.6x109 [1.5%109 |1.4x109 [1.5x109
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Table. 2 EX|u] WxEI} - 4CoA A3 20d5)

E 3 gus A4 4Y4 0 I8 ¥y9 VIEER
4 5 5.4 5.8 5.2 4.2 5.0
LU 4.2 3.0 3.8 2.8 36
96371 5.6 5.2 6.2 3.8 5.2
Table. 3 EX|n] B%5H7} - 4TollA =3 254%]
EFOF | 998 ¥AZ4 49y wE8d gm JIIE
% % 4.2 5.0 46 48 5.0
LU 5.8 5.2 5.0 3.2 4.4
96371 4.4 46 46 5.2 5.2
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ALAE AA

F-(Rhaphanus sativus L. )= w2t ¥7A f-eiutet 2of 2k F9f sht
B2A Azpztl] Lo 144 EE 494 2EOE Al HAA
o, F2 FFE Bl B FI 7 A Yl BT AeiFo] W

& thEo] $EOE 93 FEoln, E¥Ae] 1x FE 9
T, $HE 22 glucoseZA 3 FE YR om®, ueial co ¢
ol 10~30ngxE W Wolth 13, P ZFolx ¥Hast Hud,

7% RB71AH AZFAY amylase Fo] TREY] QAL methyl

mercaptane ©|u} mustard oil3} Z+H B2 Wik HEg 7kxx glch?
B Tk o] HeE AL 224 (vernalization)Zt dA L2 (HE

) 2] Aol sty A FF o 7%—*‘?- aza, 58 2PR|eA A
iete HERE EF0 B3Eo Al A2 EF2 shye] yF
Zul HPe] EHE Fsto] Fof AF Yiko] ALY oMHTA] EF
olLt Aol wE Ko 84 Hdol THEHA Rl AFEE AT §F2
Ael olFoix|x e AFolth FE TiRY SET sl o} B
Foll whebd ze] Fo FHol ekl £ Utk oE &4, F 3 o
gt 2e Fol 272 Wyt Uehtedl 53] 714 Aelstas 39 A
A Jefd wis BFECH 71 Sdo] WAl dRksix|Rt st gt
5= 23] FA3] AN EFY = vRIAY B BT B
T o d3FEe 2E& & 471 vk EF, Jo BAEe F= §H0
dslel ZFE71E E2™ A7) Aol oyt wiehy, FEFEE x4 o]
333 B4E FBET FAlol ZAH S0 A EF Wy FuF
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W7k wHe Bl o3 E38 ze BHE wzse &Eo mE
g A OI%% g E3e 7Hol Wesin AW} =
of 7 AYW B2 THS B A o o]% BEE FTHATZ, 7
2 2R AL BOlLUE 7Y 4 U 228 dojn, 2 7HHol
Me "ao] wel BTl ZEFYOE RE o]8% £ ULH sheul =80
sle ole} Wzt

A ABOIN AHgSHE Bz Wde 2A Jbd zeeh wistd 2
2 Us 4 otk e std xe WdeldEs 2B JUE BT ol§
she 7bE iEAQ A0 RRg B 4 don, AYSE F2 o8k
oAt 93, Al gdg 2Y o ol o8FE F2F
CRE HIR REg ol ¥ 4 Atk Y, urd =
ol MRAAY RARE o & e ohal g s AA
o 2T ALY diul BAn, LRl o] B AUAE
Zo] o83 Aot Ay, B, FALA, BN 53 2ol AY
718 ol g3t Z97 Atk |

JJHY olz SEE o]SHIL Gk ol T AT AFEL F2
259 S Az AT, AT, @Ragaxt e,
FA2AY e vl 7hd zal by 9IRS AN ¥, sl zal ¥
o) iyt AP Ael Mol & qlth. =¥, €x W AFEL

AW F EFEY 2AY oy SPES vAds, ol ZF o

Bl O F

Ll rlr

Z7 ¥ 2329 E4AHY ¥ F 5YHA A A=Y AL &
ot AEE AR Fad Q AxYe F2o Asl FFNY B
& A WA AA drh AE 2 AEHLS HEAE AAske 9%
& 35, H]E‘ﬁ FE2 248 HaH gA BHF] vt 2y
E=Aof Ty AFE A Qe AXol
B EZ) o) A2y 24 W F2E woeia, 4 Al

N
lo
o,
11
2
R4
o
ol
oft
o
A
2
Ir

o
i)
k)
o
=
2
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oo PAE AESIH, sl

Ae oujgle

1= 9—} FE52

rlr oﬂ,

Ztofl W MEHe] 2AY4E& 431
w13 Qo] AEY HE
doletz Azttt EI, LA 4 HFAA
vitamin C §&Fe] HWHE F EFHE vla FES}
ghal 2c}

utetd, & dode FEI AuIE Zo] o83t &4 F 7td =
e EE 73, H7id RePHo R RS AXsl F EF

o] mA]

r l° A rlr

fr
»

l‘]i‘
m‘l

H 2 J4& AEStA e &, BF2 sMEAR, UWRAAe &
gz wE FAEEY] HE FF3EE vasigch FES5E B
le-l!'\% I:O]-E" )'\—‘?Eﬁ E‘}-Ev 76“—‘—1 }‘-‘IE‘ﬁ ’2‘-%'! %-]_.—5’: Z{l‘aOk: pH: ﬂﬂE‘)

vitanin C #¥& F¥sigden, 71AH F¥3 #s HAE AAstadx
olEE EUR F 3 HF =z &§EF Tt JHEI dYEokel
#g3tazt st

LAY AR

2 Agoe A% F(Raphanus sativus L. )= S5 9F, AEF
chRg st 7RERA A, el 4FFoldet. A FF4 Auist e
TFEAZIE AdRiste] 1996 FE 34T mid 8Y Fd =AY FF T
FFATL ZRAAM whEte 99U T 2uliste =3 A AMEshalch

Ag ZA AgE ¥ ad 27(FAHe]), o, vhe, By, ¥2
F AL AE BY BVE ¢ FEAFAA T AEstEl e,
EAF(ER), (PR, F7H3), 2R (dE FAIRNF), ¥
(MAXE, BEF), HIE(F)E U8 YA FUst AR&stct

p;

Of
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2. AEY A=

B dode 71d 28 Py § FEH Au/E ol o83t ~]
o2 B AASIED, T Ny, 27 Bl vk, o8 ¥
e 7} vlsdiths FE Aol o7 "ol virtd Zel WHolMe 583 A
T7IE Zo] o] &3t Moz WUXE Mt =] A AHEH
Aze] w3 22 P BRnEy duAdEe 53 2o
223t Utdae] AMRE R ARE FUsA Axtstr] #s) WiF 2x
2cn) 24ATHE Algslgd e, 0.3cn FHE Asict

fr
o
14

U
=3 100g ot 3.6g
E 450ml 3 3.5g
37 40g AT 2.9g
o} 5g 75 0.5g
2) =g Wy

7h 2% z7lol ok uhest 2, &3 747 4Lts A Yol EhE
33, The 3om HolE 2 e] F&rh

) asida dulo] B8 Y3 S dFIA FAAINI fIEA
Hot Plate (CHANG SHIN Co.)& Al&3le] EW2% 200ColA 73ttt

T} o] Fow wWZke 3 A& Yol A EL F FE YIL F2HE
goj 7t stact ‘

gl) 7tdAIZE 8 28R UnR] Q¥ m, nhed $i 7hdsie

B2 ddek 0.8% (A 1 AF =1 4)F8 ZAsACH
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% A AR .}z,f— ng:g“r (8C)oll B
% B : 25C incubatorollA] 12417t <5748 F JA(8C) B3
g8l &4 zZejA A WA 0, 1, 3, 5, 7, 94, Be sy F
0, 1, 2, 3, 447 MAsAAN B B HIHE FFsct F AR
717t F o, FAES FFs] 2 £P710E o, A7t
wletd "wE, @45, NE, gxo Fx EANRE FIIA, Heml C

£ Aystdon, #ed B4 54& HMEUTL

223 vatgx Agsle & WM Z2EYEA  (refractometer,

%
Atago Japan)E& A}g3}o] 33] whE ZA3staicl

L A

Color diffe’rence meter (CQ-1200X, Hunter Lab, U.S.A. )& A}E-3}od
B32e] Aoyl Ut e FEE 77t 3% 8 38 L, a, b, 4E
e Lot AdgrzleE RE  polyethylene filme® E¥ ¥
reflectance moded AME3lo] &A31elar, o] o} white standard plate
(L=94.81, a=-0.96, b=0.43)E& 208 3lgir} FELS FH K cellof ¥
o] transmittance mode® o]-&3}o] &A3}adct, (L=100, a=0, b=0)

o "=
g B ME 533 2L noded AFBBL 33 WA FY3)
1

th (L=100, a=0, b=0) ©] wj ZF<e EEE(Haziness)E 028 7|

2

O

it
o
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AAgE F FE 2] Hazeyl& #3tETh

B3l Ui Rheometer (SUN REHOMETER, COMPAC- 100)2 27
5mme] o}AZA|A L] $1EE adapterE AE3lo] HFA|E(puncture test)
& 53] wh& HAstalch

Rheometer?] &3 Z AL Table 13} Zt}.

!

Jl

Table 1, Condition for Rheometer with puncture test

Table speed 60mm/min
Graph speed Smm/min
Load cell 10kg
Critical diameter 5mm
Sample height 3mom
Sample width 20mm
Sample length 20mm

To50ge JHAloll xiA BEg 2|y ¥ JIELRER Ide] V18 A

Astel ze] ¥ 3 HSAT, 2Ae 0 2

EA4AZ ¥ Vacuum freezing drier (Martin Christ Beta A type,

Gernany) 2 2907t AZSIL ThAl B0TOIH ST 52T The 13 5
%

ARZIZ 147 Az3tdct. A27 888 ARES AE THE 5

e £ -80ColA

giTh
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3
33e) B AUYE §2 A2V F DFYAE Eadsel $URRAR
2 ytsoc}. Mxy ek Buld 2] Fof 80% ethanol 100mlE H7}st
o] homogenizer (ULTRA TURRAX T-25, 24,000 rpm)Z& 137} a3t *
buchner Zrth7]of miracloth& 23 Zo} zkgl of 2}3te] alcohol insoluble

i}

solides (AIS)E ZZs}sich 4SS AT HAE 1T ¥ A4 1
x| 4& A Ast7] )8} AlSel| chloroform/methanol (1:1, v/v) 100mlE
7}sto] 2087 homogenizer (20,500rpm)¥t F FJWE sintered glass
funnel- & o] &3] zZte} ofstaict. cthr] ZAlghE #|3le] acetone 50ml &
A 7}8to] 2027t magnetic stirrer® RFSHTE EUAE 2t of 28t
Ao 2AIE AbRoA 197 B4 A2 Y ARe AEE AA
8171 $13] @ -amylase (lunit/ml)7} EoJ%l= 20nM HEPES-NaOH (pH 7.0)
buffer solution 100ml&} 413, toluened 1¥WE& Yo 12A]7F H<¢t 37T
incubatoro] A shakingstelch, muto] FREH F YT buffer® 23] <
A, o3& = tlA] acetone 100ml

2 1087 ARAA At 23] WHEsidlch 5T e AF
Bto| A ARA(P0s) &t ¥ 35~40C2] vacuum dry ovenollr] 3¥Zr A=

AA 2AEH] BEAE 2A4s519l3, o|F WEIIY vacuum desiccatore]

HEstAA Ao ARgstalct

Ab MEY 2 54
2% ANEZHE Hsle] Polyuronide, Cellulose, Total Non-

Cellulosic Neutral Sugar (INCNS)& F&3le] AHaF Flglom,

Non-Cellulosic Neutral Sugar (NCNS)&] ZAE& EA3tgich

1) Polyuronide & 4 A &F

AEH L] polyuronide?] 2% 4 Esji Grosse] ™ol st

Z NEH A8 100ge AP Il A oA HEstHEA 2ol
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7t E ozt dg ¢lolA s 23" AEE AN F FRTE

o] &3} 10mE FLslgdct 89 22 polyuronides?| &k Carpita?]

ol oja) EMsidrt. &, B8 &AL Re&(0.45m)oR A

AMEole 2ZxFle] T F 0,4nl S 2]5) 4002] sulfamate-KOHE} 3ate] =
7

5mM sodium tetraborate 2.4mlE H 73t F 2087 FHol #Ig

4
.1

1~ﬂ T

207 At AT do] 0.5% NaOHo ¢l 0,15% wm-phenylphenol 80u8
dol @ 4 F wuSE 152e)4 1412 Alolo] 0.0, 525rmol A F
& zA3st9ct. Standards ME¥H £ uronide?] F4F galacturonic

acid (0~400ug/ L) & AF&-3tT)

2) Cellulose & 4l A=k

Cellulose <:&-L Gross?] WH™o Fslo]. Ayt &, M=y
10mgo]l 2N trifluoroacetic acid (TFA) ImlE Y3l 1A]7F B]F 121C
Autoclaveo]A] E3|gF &, 82|42 B3l of3F A5 AL non-cellulosic
neutral sugar B4 $}3] B33}, 2 kAol 1mle] 78% H:S0.E 4
3 30T water batholA] 147} HEFSIAA 71-E33E F FF/F4E o] &3}
of 20mlE Fgstgch L3¢ &Y F Felds o838 33t 0.5l E
2% ¥ 3019 27} anthrong Wil & 02 MEHA U
MAA 0.D, 620nmof|A] B E &A%}l Standards glucose (400 ug
/nt)E AHgHeTE.

¢

3) Total Non-Cellulosic Neutral Sugar (TNCNS) & W Ik
Cellulose =& A €& N TFA JheEs] A5AS 40T
Nz-evaporatorol ] $+A3d] ARAIZ F tiA] F7/F 3nlE ol M3 &

SAA 0.1mlE 3] APpo] Y3, FFF 0.9n1E Pol Az} b%
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phenol & ImlYL, 98% H80, 5m1E Yol 1087 WxIgt & & 4o 25~
307C8] waterbathofl A 2027t BF-2A|H A 485nmollA &4 s}gict. Standard
= glucose(200ug/m) & AF-&5}4iT),

4) Non-cellulosic neutral sugar(NCNS)2] RA] EA

cellulose F& 4] && N TFA 7R3 592 40T
Nz-evaporatorofl 4] 93] Z=2A]Z] % Blackeny &F Hariss?] %o uwh
2} alditol acetateFEME wtE4ict &, AZRE Al&o| IN NHOH 1004
(internal standard@ 200ug/mé2] allosed AI7IAIZ)E YL F 50002
dimethyl sulfoxide(DNSO : containing 20mg/mé NaBH,)E Yol ZIElIA]Z]
F 45CojA 9087t W-gA]A permethylated sugarE W& Qicth, o] Whgol
100u£2]  glacial acetic acid®  F3x]zl &, 100.42]
l-methylimidazole®} 500£42] anhydrous acetic anhydrideE 7}3}od

tlo

alditol acetate -FEXE W&l %1% 102 ¥ 1.5n18] £F4, 1mlg
methylene chloride® Yol 2 A& T}e 1087 2, 400rpno 2 4] Hy|
stoich dAdEel7 U f718u] SRt £83te] iy FF< Iml e
MeCl, 1mlE H7te] EH3lo] acetic acid7} LAs] AAY 780 =
& #3 F Npi-evaporatorE ©]-&Ste] ARAIZTH EAARY Fu]7}
HEEE 10048 MeCl,S o] &3ted WS L3fAzl T GC-FID(flame

ionization detector, Young-In Scientific Co., LTD, M680D)& o}-&35}o

2]

Q

wE e stelr). % External standard: rhamnose, arabinose, xylose,

i
[eh

mannose, glucose, galactosed ZtZ} 50ug® AlR&3tglon, wEXAef A}

€H columz} F424AL ci&3} Al
Column : 5% phenylmethyl silicone

30m(0.25mm i.d, ) capillary column

Injector temp, : 220TC
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Detector temp. : 230C
Carrier gas : He (30ml/min)

Oven temperature :

% Program 1 * Program 2
Initial temp, : 1727TC Initial temp. : 212TC
Initial time : lmin Initial time : 3min
Rate : 4C/min Rate : 2C/min
Final temp. : 212C Final temp. : 232TC

Final time : lmin

o zzle] AEFIEES lodometeric method ¥M-& $&3le] AAs}tgc) ®

S 10mgef 3mle] EF4+& A7} F 65T shaking incubatorofA] 1

Al ZE Fob HEEE F 3000rpnl 2 5EZF M4 E2lste] e 33t

th ASdoA 1nlE 23 FFo] = KI/12(10.2g/5.08g/L) £ 10
E

o)
ME 9L F 665mmollA] EHEE =Aslgch.  Standards  potato
1

(=]

starch(lmg/ml)E AF&3}ict,

A}, pH

vabzixle] Ad 7] 50g3 =& 50mlE #]3}e] homogenizer (20,500rpm)
2 FAE A7 % buchner filter & oJ}x] No.4&E A} 231 7Y o
Fete] AL A ARE AEEIGen, pH meter (Metrohm, 654 pH
meter)E o]&-3to] 33 whE FAsich

A F AR

Lt x] o] pH &3 AlZet ZE A& AMgstalem, A0ACH o] ]3]
Aslelry, =, 0.1% phenolphetalein & AJAJeto g $}51, A o]
10n1 8 Z&3A7) =0 4AH]H 0.IN NaOH®] oF& lactic acide] %o 3

o

-
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stedch Al 2t Zrh

0.009 XA XF

Lactid acid (%) = X 100
S

A ¢ 0.IN-NaOHe¥ 2] & A %] (ml)
F : 0.1N-NaOH® 2] factor

S : sample?] <F (ml)

7}, Vitamin C (Ascorbic acid)

Indophenol HAM oz utzlx] A7)l FE2] ascorbic acid ek
Z33tgct. Adriet FES 27 5g% 2[8te] 5% HPO; £ 20mlet
2F0) sea sand® Y3 homogenizer® A upH3t ¥ ZH4 250lF 75}
t}, Centrifuge (SORVALL RT 6000D, 5000rpm)E 20CofA 30E7F A&
glste] Ay NS npo]2E Hof #8}aL, Sml® indophenol Af4-§-ofoi
AARsted Ao EFo] glojAle BE FURLE I T Ao 3|
A& F#] ascorbic acid®] ¥ (mgx)E& Airstaich

2 P o

Vo D
Ascorbic acid (mg%) =a X — X —— X 100
v S
a : Ascorbic acid £9¢] %% (mg/ml)
. M A890] t]dt ascorbic acid &) A A Au|Er (ml)
Vi oAsgae] O ARAEee el (al)
D: M &Nl HaF (nl)
S : ABAMY (8)

AFF ST oA 108E st 58 B (scoring
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B2 7 £2WE JFEAIZHI0, 20, 30&)0] wE WHHE AESES
o, Z2 A7 S o FFE zolE HESH] #lste 202 sty
2o ciste] TEAAE WIS

WA e ZAxo] #Y oA FdelA AR FHH pE 3.8~4.20%
AABEL g, & dFelAe dulsd F AR 243 39, A=A
F QA 52U 7de) AR} o] 71T] SUOEE o thyez B
FHAE AASte] £33 Aolg AESICL

HeAAtY Br} FEI} ¥ X Table 29} T}

Table 2, Characteristics and scale of sensory evaluation with Moo-Guk

and Nabakkimchi

Sample Characteristics Scale
Appearance very not square 1--——-----— 5 very square
Solid |Color very yellow 1------------ 5 very white
Hardness very soft 1---—-—--—————-— 5 very hard
MooGuk Color very light 1--—-~=—=-==~~—- 5 very deep
Liquid | Turbidity very thick 1-----------——- 5 very clear
Salty taste very slight 1--=--=——---—- 5 very strong
Total |Overall guality |very poor 1-——-——-—-o-——~ 5 very good
Color very light 1---==~=--vnv—- 5 very deep
Solid
Hardness very soft 1----—-—-—-—-————- 5 very hard
Nabak- Color very light 1--—--——---——-——- 5 very deep
kimchi [Liquid |Turbidity very thick I------—=—--~~~ 5 very clear
Sour_taste very slight 1----==------- 5 very strong
Total |Overall quality Very pogr J-—-—-—-————=————— 5 very good
7. A Az

A Azl= SAS packaged o|&3F}o] Ex4P B4 4l Duncan’s multiple

range test o 23] Al=zte] #2AxE HFSHATh
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Table 4+ F EFF3 7tdAITE €elste Azg 75 Arrle] ¥

z3 AE BEAHEAM3815, Duncan’s multiple range test® A& ZHS]
P

Table 4, Changes in sweetness of Moo-Guk solid by heating time

(unit : Brix %)

Cultivacs Baek Daebu Chung Tae
F-value
Heating kwang ryoung woon baek
time( m1' nl
0 4. 80° *5.10° 6. 72° *6. 49° 26. 40™
10 “2.62° ‘2. 84° ’3. 47 “2.87° 7. 78’“*
20 “2.57° “2.87° ’3.24° “3,20° 28.15""
30 %2, 85° “3.49° "3.49° *3. 69° 56, 31™"
F-value 327.24™ 69,27  85.23"™  503.26™

N.S. : Not Significant %p<0.05 s#%p<0.01 sip<0, 001
Means with the same letter are not significantly different,
- a,b means Duncan’s multiple range test for radish cultivars (row).

- A, B means Duncan’s multiple range test for heating time (column).

g Z2£3} 7tdA e wet BF §x7F gk SR HE,

elo] o EFA uiF-, WY Hrl wgton, BE FFo] sdel o3
Y=t ZA2Eded, Jtd 7)o Wol ZAste sd 1087HA] F4 3]

2t s, T oolatel FtdAl oAM= F HETt gloleh 30& 7t Fol
= o] 7b g9k, Wigo] e Fol= b WA Uetyich
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1}, MX (Color Difference)

Table 5& F FF3 7HEALE €2iste A2y 75 AG71Y A=
23 AE HEAMHEA3LGL, Duncan’s multiple range test® A|E7HY] F
gAE AFE Zolrh

st AYLFoZ 71d Hof vjs) gt AR PRI Hadle
Witk 7id A3 10871 9 wle $32 x4
%

A& e}
o1} 208 JdEEE 7} gl JtdA Tl wE AolofA =
o] A& AYslaes EE EFAN Xt vrebkic

Redness= AW o2 S(-)8 2t& YERNISL 2lo] greend] 7 3Fo] Tho]

UEIYE &S & 4 vl 1083} 302 7HE Bl E5Te] foA
7} Uetgteon, & A3t BEE EFAM JtdA e wtE zlolE
Halrh,

Yellownesst= We] 7td A A&7 718 o2 k& Uehla, of#3
208 7HdE Zlo] JHY & & UEhled, RE AR ()Y U2
7EA 3L gle] A Adol F&& ¢ 4 vt JtdAAE E370] B¢
7F glddeu 7td 108 2080ls FA7E dglch 7HdA o] wE
ol W] ZFRE F2HE LERC

AEZEE 7AEEhA] (kS wiel 102 JMd S wirixs E5TY fYat
7} olglont 20& ZHdeA B FF50 RLAT gloizich HRE A4
3 BE FFolA HdA ol wE /27t gt
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Table 5. Changes in color difference of Moo-Guk solid by heating time

Color Cultivars Baek Daebu Chung Tae F-valus
Heating kwang ryoung woon baek
time{min)
0 66. 08° *66. 80™ 71.74° *68. 98" 9.61™
10 64.51° "61.24" “58, 08° “59,01° 23.50™
L 20 62.59 “62. 05 “62,11 “58. 71 2.48"™
30 63. 69 “59. 96 *60. 58 *61, 57 1.56>
F-value 1,85 12,447 22,99 39. 777"
0 “-1.50 *-1.78 -1.34 “-1.38 1,87
10 *-0. 80° ®-2, 49° -1,35° °-1.22% 20,50
a 20 *-1,05 -1.76 -1.21 °-1.40 3.92">
30 ‘-0, 77° 113 -1.24° *-0, 75 7.61%
F-value 11,91™ 7,35 0,32™> 7.27°
0 4,31 7.67 6.48 7.54 1.66">
10 6. 76° 10, 96° 8.17" 7.62° 4.37"
b 20 g, 24° 12,14° 8. 54 9,50 5,11
30 *8. 66 10.35 9,86 9.42 171>
F-value 17,37 2.45%> 173> 3.62">
0 28, 89a *29,01° °23.98° “26.79° 8,68
10 30, 95b *35, 46 "37.54° 36.52° | 13.92
AE 20 33.16 *34.81 "33, 69 *37.25 2.20">
30 32.18 *36. 25 *35. 52 “34. 43 1.95>
F-value 2,.84%> 12,02 21,24™ 40,32™

N.S. : Not Significant #%<0.05 #%<{0.01  skp<0, 001

Means with the same letter are not significantly different,

1) a,b means Duncan’s multiple range test for cultivars (row),

2) A,B means Duncan’s multiple range test for storage day (column),
L : 100 = white, 0 = black a ‘! + =red, - = green

b: + =yellow, - = blue AE = (AL%+ Aa+ Ap°)*%
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Table 6. Changes in transmission haze of Moo-~Guk liquid by heating

time
tivars Baek Daebu Chung Tae
F-value
Heating kwang ryoung woon baek
time(min )
10 “53.18° “45,93° “47,52° 67.59° 33.93™
20 58, 38° “77.09° “54, 23" 70.18° 345.04™
30 "84, 60° *85.70° "68.29° 71.44° 44.65™"
F-value 98.19™ 2507.38" 40.02™  5.08%™
N.S. : Not Significant #%p<0,05 #*xp<0,01 *¥%kp<0, 001

Means with the same letter are not significantly different.
- a,b means Duncan’s multiple range test for radish cultivars (row).

- A,B means Duncan’s multiple range test for heating time (column).

gx &3 A3, 102 7148 wies 45.93~67.594 21} 7 U+S
715ty 308 7IEElS wil 68.29~85.702] HeE Leh) JdEgSE
718 o] E&F FEo] EHINAS o 4 gt hdAIZel #
glo] BE £5o] A7 AR, elE Aslae 7HdATY 4%
ME {AAE Bt F, BRE 5] 71dye] ulel gEI} Fr5He
ZAEgoldedl, 53] WY, cfFgY F7F Jo] Fen, tfiH2 108 7t
doME 7 STzl 30 FtdolME 71 oA A stde A FE
o] Bt Axrt FAS] FUMES 4 4+ Aok ey $gigh wtE B
ach.

2 2 Mooy
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2}, A= (Hardness)
Table 72 ¥ EZ3 71dARE ¥ty ARG F=F A7y
hardness &% ZAN}E 24123}, Duncan’s multiple range test® A

220 g HEY Holrh

Table 7. Changes in hardness of Moo-Guk solid by heating time
(unit : x10° dvne/cm®)

It
.Cu tvars Baek Daebu Chung Tae
Heating F-value
T kwang ryoung woon baek
trmelmin
0 *1019° *1000° *1003° 1253° 5.81"
10 “489° “308° *263"° *302° 12.95™
20 “348° 199° “120° 952" g9,63™
30 “383° ‘135° “153° "192° 16.75™"
F-value 82.80™" 125.04™ 141,28™ 175.01"™

N.S. : Not Significant #%p<0.05 #%p<0,01 *%%p<0.001
Means with the same letter are not significantly different.
- a,b means Duncan’s multiple range test for radish cultivars (row).

- A,B means Duncan’s multiple range test for heating time (column).

Ztdef o3 F=rt A3 AaFdeH, FF3 JHAAT EFAM &

atg uEtylch 7t el J1EFA e 2T folHoR w0
Uetzken, thE FFElE Aolrt gldrh I’—Ei‘f}, 102 7}%—‘?-51%:‘
Wgo] FFOoR FET} gUI, UTIE FFETY Aolx fdrh 7HE

Aol WE GPoIME WY, thiw, e sk Dol e 208 st
¢ G SAE Bolthrt % sdolat feAst gk B
ATl mAME KA QAAD Sl WE felxe ¢lgl

t},
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%, 714 A A=t o] i FFEo] W3l A 3=l 71 10
Brto] FA3] H4dle] 288 5 WYPEct o W2 Z=EE UER
€ W2 & Roltirt 71E Fole 2

38 oiE EEEET 52 ZEE A% e A= ushych mEl

4, BREE slde] sl AHEE FE7t TS 5o sl H3, SHeR
= B3] 27] AQEE 343 A¥PE 4do] UL ¢ 4 Utk

op, 22 ¥ %, AE F HAEYH FY
Teble 88 B B33 AUATE Belste] AZY BF Al ze)
% zek 2 AE B4 S, Duncan’s multiple range test® AR

Zre] fxE ASE Holrh

Table 8. Changes in fresh weight mass of Moo-Guk solid by heating

time (unit : g)

Cultivars
) Baek Daebu Chung Tae
Heating F-value
i) kwang ryoung woon baek
0 *50. 0 *50. 0 *50.0 50. 0
10 “35.7 “35.6 ®37.2 #35.9 0.30™>
20 “35. 3 °32.8 ®33.8 “35.7 0.65"™
30 “32.3 *30.5 “33.8 “35. 4 2.34™>
F-value 12. 40 23,517 11.76™ 10.98°

N.S. : Not Significant #p<0.05 *#¥p{0,01 kikkp<Q, 001
Means with the same letter are not significantly different,

A,B means Duncan’s multiple range test for heating time (column),
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Z2lof 23} 25.6~39.0% F=o] FH 4Tt doluth ol JHEE HE
Eo] 71de] o3l FEE §&HAV] HELE BArt. FF L= 7
A7h g, BE EFo] st fFol ulelde fx7 ddxgt 7Hd A
Ztol] whE R &7t glodch
Fig. 3.2 5 E% 7ldA Tl ot 7 Aoy e ¥ $%, AE
Z, Axy g WIE ulay Zojct
A F 2% HIE BY, BEE E30] /1Y 1085 AR F3 70%
E2 F743] Hagon, oFe stdojMEe AustA ZA4sct
AE F3L eiyo] Mg &oka, 7t A A8 w3 7t 10
Hule] 343] Zaste] 222 FEe o] o= Aog Azt W
H = e AEFo] A Ueht A
o, 74 AE BE el 1 &
o} std Mol wls] 7t Folls EF 2 xlo|r ZASAA MR
3 el A7t FE3] B4 A Bl & AoE Bch
zA2 MEy e 53] YyPo] t}E
7t Aol efo] JHY oL 7t F eyt
ZE&3 A3 e B33 7 Ao] gl Reg yzHHL)

o HO

)
W ZeE Hol Zzele] AREL & + gz, AESH
S FAE Z¥E Boln, stdydel wial ZAIch 7td A
ol 7FEFA eyt e F#o] tlE FFHr} goton 53], ey
9 B 7P wUoU JMEE s AL PASE AoE Kol AE
I} ARY FY2 BE o] gl AT Az},
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Bl A EY 24 24
Table 9= F FF3 7HEA S "elste] A=y F5F Aor]e] A=

A B AE BAE ST, Duncan’s multiple range testE AR
A

e 16.6~19, 8% HolTh /1Y 308 Fole ZE2MET xo|E Ky
polyuronides= RE EZEoA 18~37% 4l on, 53] tjfHe A
7} Zckh vlARE F8EE Elie] of 30%, Y2 of 20% AL
ke Zhagtx] oottt FHWM, celluloses RE EFolA 24 B]E9]
Ztstded, ol 714 5 A =R AAES AARRITH

Z, Jldo] o3 WL MEHL polyuronides’t 22 H3[E o,
o3& polyuronide®] AR Fafjet eFzhe] vl F4 Tl 3=
ot} ezt 322 polyuronides®t vH|AEGAE FBHY BRF AA3A 23
Fgct, wetr, T FFo uls] 53] 7t&F F =7t 7ol o3 &
&3] d3EEs 42 A2 ZE F udRE F49H dAT e A
oz A4zkdct,
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Table 9. Changes in cellulose, polyuronides and non- cellulosic
neutral sugars contents of Moo-Guk solid by heating time

(unit : % of cell wall)

Itivars
Baek Daebu Chung Tae
Item Heatin F-value
. . kwang ryoung woon baek
time(min)
0 37.4° 23,4  f23.1° "31.8° | 7.97"
Cellulose 30 39.2 47.1 43,4 *44.9 | 1.20%>

T-value | 0.88%> 118.70" 9.09° 24.17"

0 37.5 39.8 36.8 34.9 | 0.35">
Polyuronid s
30 30.2 25.1 30.2 28.9 | 0.38">
e
T-value | 4.01™™ 4.82%> 2.27"> 1.11™™>
0 18.0 19.8 16.6 9.0 | 0.57"™
TNCNS? 30 18.3 18.6 13.3 ®14.0 | 3.49%*

T-value | 0.01™> 0.08"> 2.06%> 12.70"

UTNCNS: Total non-cellulosic neutral sugars.

N.S. : Not Significant #p<0.05 s¥p<0,01 #okkp<0, 001

Means with the same letter are not significantly different.

- a,b means Duncan’s multiple range test for radish cultivars (row),

- A,B means Duncan’s multiple range test for heating time (column),
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Table 10. Changes in non-cellulosic neutral sugar content of cell

walls from Moo-Guk solid by heating (unit : % of cell wall)

Cultivars Baek Daebu Chung Tae
[tem . F-value
Heating kwang ryoung woon baek
time(min)
0 1.67 ’2.01 2.10 “1.62 | 2.16"™
Rhamnose 30 2.36 *2.52 2.06 *2.03 1.58"*°

T-value 2.32%> 18,94 0,01 12.25

0 5,07 *6. 46 5.25 5.60 2.07"°

Arabinose 30 5. 59 *4.76 3.68 4,29 2.86">

T-value 0.23"> 14,82 3.66™> 7.53"°

0 4.30 4,56 3.96 4,92 1.49™°
Xylose 30 4.24 5.08 3.40 3.55 2.40"°

T-value 0.05"> 0,46™> 1.82%> 0.57">

0 0.58 0.79 0.62 0.53 | 5.09™>

Mannose 30 0.69 0.99 0.68 0.57 | 4.03%>
T-value | 1.44™> 546> 0.29%> 0.06™™

0 2.07"  1.68™ 1.41°  "2.47" | 10.14°

Glucose 30 1.52 1.64 1.28 .30 | 1.36™™
T-value | 2,96%> 0.05™> 0.30%™ 45,08

0 4.08 3.39 3.22 *3.86 | 0.84"™

Galactose 30 3.86 3.56 2.03 2.24 | 421>

T-value | 0.12%> 0.05%> 4,33“™ 10.40°

N.S. : Not Significant #p<0.05 #%p<0.01 sikp<0, 001

Means with the same letter are not significantly different,

- a,b means Duncan’s multiple range test for radish cultivars (row).
- A,B means Duncan’s multiple range test for heating time (column).
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F A ZHol= arabinose, xylose W galactose?] #ako] TIE WEof
dla] FHsIAch F2 tde] o3 74A® @ arabinose, xylose,
glucose, galactoseQiom, 7}l el @ H-2ojA 7tde] o) F2
F49E
Ao feNE A Ushix dgtsd EF ReRE
glucoses] 71 A AZIMT BRI, sldel mE ReME oy

rhamnose, glucose, galactoseol A2} t§#8 2] rhamnose, arabinoseoi]A]gt

o] Z&stlch

elgich.
A Z7Ee] FAE B, rhamnosed] ZA-9= Jtdol o3 HE A5}
e Fako]l ofzt F1sHe Aolgln, efolAs td A AR vl

08 7td Fo RJH2g FI1stAch Arabinose?] ZH-$= WHE A9
ste 7ol o3 wlad Zaste FAyolgon 3|, iy 714
o g3 fgF o At Mannose?] A9 7tde] o3 okzte] 2
7he ARt Foaks flglch Glucosed] Z9E ¥2g Adtae 7t
doll o3 Z4dte HAPL Holon, el 5% £EA o 7t
a38tglch. EY, M Fele o8 EF FolA eiwe] foyes i,
BEo] wgten} 7id Fole R gleden, o] WyolL} i
Hreoh @3]8 yYolAr) Galactosed Z9L tifaL FYdtas 79
A3 agom H3], efwo] Roxog Zradigct. ¢ AdjolM 7}
goll 2sf effo] A= VAL polyuronidedt ¥l H4 S F3)
o} ol glvtn A HYPEd, wHdRYE S HYEFIA glucosest
galactose2] 37} VASIA Ul & ¢ + dUgich uweld, eiwe]
FHY A edo=A HERAY 4T 48 F 53], glucosed}
galactose 7} Zlo] Toy3}m, arabinose?} xylose® Felo] g9l Ho=
A2t et
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Table 112 B E53} 719X €alsle] A2 7= Adr|e A
B 24 ANE EAHEAM3E}T, Duncan’s multiple range test® A]&EZ7HS]
$21%} |

re BEQ ugelde sl sgolglen, iy, e
gejdeg el wol 1LoxE dBslilch 7ld § Aol wHe o
% 3 Aeold F3lo] Hasidoy HuddE YNHLE FAs] 37t
s ARoldnt. &, Uue sid 08 B¢ Ael A UNse
sojgich. oleld, BBol webde Ael BT 23 AE7t gas
Lo FejeciT AlARE Qc

ARz feFE 7l W, ¥ EE sldARlN BEDE S
sgen, FgAZel G GPe W At BE EFIA #2l
o= usigcth 3, sldel we WEEwel Wi Pyel WL wuol
Mg, chREs) el wikebA Ushuth W3 iue S0t
20%e] ZASUTIE Jhe BpelE Th Basts FoldEt #FE
We7h 27 Yeket BME F7) Bo| WASA Wolwrh chEwat
Heo 71y 1087t ﬂ-—:f;—al A3teTst 7}@ 2080l 7t F713hed
T} ChAl 30% Fhe Al Zasts Qe Rolth A BB AVHe=
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Table 11. Changes in starch content of Moo-Guk solid by heating time

(% of fresh mass)

Cultivars
) Baek Daebu Chung Tae

Heating c back F-value

wang ryoung woon ae

time(min)
0 0.10° *1.54° *0.97° ®1.05° 28.83™
10 0.09° ‘0. 42° *0. 30> *2.17* | 100.58™
20 0.16° *0. 95 ®0, 45° '2.41* | 137.07™
30 0.06° *0. 80° “0. 35 °1.54° 18.63™
F-value 1.01™*> 20.77™ 11.63" 12.00"

N.S. : Not Significant #p<0.05 #p<0,01 #%%p<0. 001
Means with the same letter are not significantly different,
- a,b means Duncan’s multiple range test for radish cultivars (row).

- A,B means Duncan’s multiple range test for heating time (column).

At s 2

) 7t A ol whE 3%

74 93

Table 12= &7 YPoz A2y FIZo 7tdAIg] wWE F5HA}
ZA4E B4 EA3%}3, Duncan’s multiple range test® A|&7r2] §2x}
E AFY Aot}

Ad71Y] B¢, FEE 1083 208 7143 2 Alojo] #2xirt 9lgle
L 2023 30& Atolofe xjolst UehA] ¢fatth M2 st Yol wiet =
EAFSIT FIIEIGEY 1023 308 71dgt A8zt fgxish Addl
th B ZtdA Zho] whE FA7L UelUR] ¢ttt

&2 A, A2 308 JtdE Zlo] 208 st AR foFoz A
A BriEglen, Ml 7ida|zio] Zgle] ulel feH oz Fsi8}
Q3 HEE 7Hd 2087t2e freA) fokzl 308 7t A Rejdem
F7hstsdch
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Table 12. Result of sensory evaluation of Moo-Guk with baekkwang by

heating time

Sample CﬁZi:cI:;leritsit?ec(min) 10 20 30 F-value
Hardness 4,2° 2.9° 2.6° 10, 33™
Solid  |Color 3.4 3.2% 2.6° 2.85"
Appearance 3.9 3.8 3.9 0.10%>
Color 2.5 3.3 3.7 7.42"
Liquid |Salty Taste 2.3 3.0° 3.9 24.81™
Turbidity 2.6° 3.1 3.8 | 3.9¢4
Total  |Overall Quality 2.8 3.1 3.0 0.21™*

N.S. : Not Significant #p<0.05 #%p<0,01 #kip<0. 001

Means with the same letter are not significantly different,

A fFgos A2y FFo 7tz wWE B

o o=
L =t
A AE B4 BEASt3, Duncan’s multiple range test® X EZHe]

fo,
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Table 13. Result of sensory evaluation of Moo-Guk with daeburyong by

heating time

Sample ngizézer itsltn;i( o 10 20 30 F-value
Hardness 3.7 2.3 1.6° 35.90™"

Solid  |Color 2.8 2.6 2.5 0.34™>
Appearance 3.7 3.6 3.2 1.34%>

Color 2.1° 2.9° 3.5° 9.31™

Liquid |Salty Taste 2.5° 3.2° 4.3 27.11™
Turbidity 2.9 3.0 3.2 0.31">

Total Overall Quality 2.8 3.6 3.2 1.46™>

N.S. ' Not Significant #p<0.05 *%p<0.01 #¥p<0. 001

Means with the same letter are not significantly different,

Ad71e] Z¢ B=w stdyel wat AE Zaste] JtdAzte] wat
o= “1}5191 Th A2 tdU4E =¥ria FIHEAAR FAte
sigich. @] Axbs Zashe FPeldAT Fxks gislch

FEY B3 A2 A AzeH, 71d 102832 208 Alelo] KAzt
AHTE ARE FAH LR FIste Tt wlel FE] =7 AA
zgte] Zidg Uelulch EEE ¥l wel S/ AAT feixke
glodet,

Mkl wigE g2 208 7HdE Zlo] M iz HUlE YT, 308,
102 7143 2 eAdou fefxte gt ‘

AUE B4 EAI313, Duncan’s multiple range test® A& 7He] F-8lx}
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Table 14. Result of sensory evaluation of Moo-Guk with chungwoon by

heating time

Sample . Cﬁz::i:eritsitnilec(min) 10 20 30 F-value
Hardness 4,0° 3.0° 2.2° 22,87
Solid  |Color 3.5° 2.8% 2.3 6.06™
Appearance 3.9° 3.3 3.1° 3.37
Color 2.7° 3.3° 3.9 10.68™
Liquid |Salty Taste 2.3 3.0° 3.7 10.84™
Turbidity 2.5° 31" 3.6" 3. 44"
Total  |Overall Quality 2.2° 3.6 | 3.0° 13.32™

N.S. : Not Significant #p<0,05 #¥p<0,01 s#xp<0, 001

Means with the same letter are not significantly different,

Ad71e] 79 ZEolAe 7td AIZEE 2F FAIL Qglen, M
Ast=gdet. M2 std el whet ko] F7HEA, 10E3} 30 Akl
of fejzt7t sldiet. e Aa4e Zadte FRolosL, 1083} 308 Al
EAlolof #2217} allTh

=&Y ZF A A2 NtdEsE RAHLRE AL SN, HE
+ A% Frstden, 10823 308 A&t FAE R4ch

AREAQD ulghz o] & 201 7HEY o] RYHeR My Fria
Briggden, 1t 308, 108 £28 Hrigdr}

gh) ey

Table 15%& 7}&F¢Ql el o s A2y T2 7tdA| T ulE #E A}
AME B4l 4313, Duncan’s multiple range test® AJ& 7S] 2%}
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Table 15. Result of sensory evaluation of Moo-Guk with taebaek by

heating time

Heatifg~time(min)

Sample CharacteristIs 10 20 30 F-value
|Hardness 4.6° 2.9° 3.1° 10.50™

Solid  [Color 3.5° 3.0° 2.6° 3.68
Appearance 3.9 3.7 3.6 0.55"°
Color 2.2° 3.2° 3.8 11,92"
Liquid [Salty Taste 2.2° 3.3 3.9 13.75™
Turbidity 2.4° 3.3 3.8 6.76"

Total _ |Overall Quality 1.7 3.4° 3.6° 8.95"

N.S. @ Not Significant #p<0.05 #%p<0,01 #¥kp<0, 001

Means with the same letter are not significantly different,

Adrle A
of #ext7l aleleh ML = 7
218 Bk ejme] Byt Azt

A% F7t Z¥& vetdch =@y,

SRR LTSRS RESES
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2022 tg3ty EE 7 ol & wla AESACH

Table 162 20237t 71@3le] A2y F=F2 FF578] Aolof wtE #s
A AztE £4F 43513, Duncan’s multiple range test® A|B7He] &
JAE AFY ZHolt}

Table 16. Result of sensory evaluation of Moo-Guk with different

clutivar during 20min. heating

Sample Heatin ?me(min) Baek Daebu  Chung Tae Fvalue
Characteristi kwang  rvoung woon baek
Hardness 3.7 2.2 1.4 320 | 17.52™
Solid |Color 2.5 2.5 2.8 2.9 0.52">
Appearance’ 3.8 2.8 2.8 36" | 283
Color 3.6 3.3 2.5 2.3 3.41
Liquid [Salty Taste 3.0 3.0 . 3.2 2.15 | 2.05™™
Turbidity 3.5 3.2 2.9 2.7 | 0.90™
Total |Overall Quality 2.4° 3.1" 3.7 2.2° 4.57"

N.S. : Not Significant xp<0.05 #%p<0,01 *#ikp<0, 001
Means with the same letter are not significantly different.

S A AdRe o BEDY Aolg W, Ausle AE,
2Bl 4, AWAQ AN 27 slelch mehd, B3 U
B BEe B Al Sa4ol ol dstel ohe shaAl |

2 3} =
"]-q—]- og O'% t":!.'% 714\01_‘1—’_, —%_2];‘(}7]— L}-E}'ld' ‘801-.%.%_‘% _04 ;_g_’][ Eklo'“ ‘4

o

e ysieta a,
Aurle) 39, A2 9FH hyAjolols FeA} oD, cfra
Yoo g5 dshl BALac

go] 71 dsta efwo] 7pg A3dhA Liebkich,
Aol wigtge] Ze Fel M Frix HriEdo YRy

Reom, WP e iy oz yA Fri=E el
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Har%ness (S)

.

7 Appearance(S)
(ﬁ y
Salty taste(L) Color(L)
—®— Baekkwang —®— Daeburyoung
—*— Chungwoon ~ =% -~ Taebaek

Fig. 4. QDA profiles of sensory evaluation of Mooguk
by radish cultivars during 20min. heating. .

S : Solid L : Liquid T : Total
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£ wocl, ZEe WEE Aurle} nprsAR S4717 Aol AA €
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Table 17. Sweetness of Nabakkimchi

during storage at 8C after

keeping at 25°C (Brix%)
CuMdvar Baek Daebu Chung Tae
Sample F-value
Storage day kwang ryoung woon Baek
0 Y 4,230 430" 4.10° Y 4.33 | 4.79"
1 *4.13 4,10 4.00 4,13 0.45"%°
2 "3, 97 “3.87° 4.03° r g 27" | 26.00™
Solid
3 4,00 “4,00 4,03 4,20 3.30™°
4 “3.87 “3.83° 3,97° *3.97° 4,25"
F-value 4,25%  80.75"™ 1,22%° 3.56
0 *3.55 “3.65 “3.75 ‘3,70 3.89%™
1 *3.60 *3.70 “3.75 *3,.75 | 4.00™>
2 *3,95 *4,00 3,90 “3,85 | 0.16"™
Liquid .
3 *4.10 *4,20 *4.20 415 | 0,22
4 ‘4,15 4,15 Y415 *4, 40 3.57">
F-value 5.05" 21, 42" 8. 41" 7.67"
N.S. : Not Significant #%<0.05 #%<0,01 k%p<0,001

Means with the same letter are not significantly different.

1) a,b means Duncan’s multiple range test for cultivars {row).

2) A,B means Duncan’s multiple range test for storage day (column).

2) AzAF YPA%

Table 182 # FFHE WPUAAE A2 AF §ToM AAgshdr] 2
= (e}

Hr)ok wEe W=

E=%

=

&3}l

o Ads 4
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Table 18. Sweetness of Nabakkimchi during storage at 8C (Brix %)
Sanple Cultivar Baek Daebu Chung Tae Fovalue
Storage kwang ryoung woon Baek
0 *4.23 *3.93 *4,23 “4.10 3.48"°
1 “4.10° "3.97° 4,10 4,33 4,37
3 ’3. 87" “3.67°  "3.73° Y357 14, 25"
Solid 5 3,90 *3.90° 4.13* “4.00% 6.29"
7 4,03  3.90° 4,27° "4.13% 9.63"
9 "4, 00° "3.97°  *4.20° M4.47° 38. 07"
F-value | 12.91™ 17.20™ 7.34"  18.69™
0 3.75 3.70 4.20 “3.65 1.39™>
1 3.65 3.65 3.75 ‘3. 60 0.90™>
3 3.85 3.85 3.90 *3.85 0.01>
Liquid 5 3.95 3.95 4,15 4,25 1.80™>
7 4,05° 4,10  4.35™ 4 45° 8.52"
9 4,05° 4,.10° 4,35 "4, 55° 28, 78"
F-value 1.39"> 257> 2. 24> 9,98
N.S., ' Not Significant %<0,05 *%<0. 01 kkp<0.001

Means with the same letter are not significantly different.
1) a,b means Duncan’s multiple range test for cultivars (row).
2) A, B means Duncan’s multiple range test for storage day (column).

Ad7el A9, AzAFelE BEL S} oL} #Rure] w)
e BEZ0] RoINI} Glglon, BE Egold HAY o] BB foxtE
uehdth AR 28 BE, YAdels ST Aolol 2217}
ARout 7Rl bz Uy, ¥y Aol fAxzt Agich

3ol el Yrt R 0R wolon, wue] foHoR ul
th dgsdols Hgol W ciRARL fA¥OR A FHFHAOY
FHE Tl e o]k glalth WATAGIE 53 nsE Folgln

B9l o] FroH o &k, WIFI ofF Atolel: YAt

o
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35 3.5

0 1 3 5 7 9 0 1 2 3 4
storage day Storage day
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3 a5 » 37
3.5 85
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Fig. 11. Changes in sweetness of Nabakkimchi during storage.
A : stored at 8C after keeping at 25C for 1Zhours
B : stored at 8T
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L}, pH

1) dulsd F SgA%

Table 19% F EZHE PIUAE A R3te] 25ToA 124]2F £244]2
F 8ColA AZsHAA pHE ZAste) 2 ZHE E4HEA IR, Duncan’s
multiple range test® A|&ZHe] F-JAE #

ofulsd F BRAAY S of WA pHe WIE BY, FF7
v BE AFdolA Fx17t glolon, #A3del wtepx
FaHE Bart, oulsd AT pHis 5.45~5.839] Helglom, AL

FIF

n
ik
e
oy
3
x

of uhet Hal Ziaste] WMol 3.84~3.938] Heldch

Table 18. pH of Nabakkimchi during storage at 8C after keeping

at 25T (unit : %)

Cultivar| Baek Daebu Chung Tae
F-value

anrqn"n r]q.w L’Wr'm'\'r_rr young wann haels
0 A5.45 45,65 4570 A5.83 1,667
1 4,68 54,54 4,67 4,69 0.228>
2 “3.96 “4.11 “4,32 5442 2.01%>
3 “3.93 “4.07 “Y4.08 “4.00 1.78%>
4 “3.93 “3.84 Y391 “3.92 Q.92

_F-valie 3499™ 5038 7798  2991*

N.S @ Not Significant %<0,05 #%<0,01 s¥*kp<0, 001
Means with the same letter are not significantly different,
1) a,b means Duncan’s multiple range test for cultivars (row).

2) A,B means Duncan’s multiple range test for storage day (column).

02 ¥ FFER WPIURAE A2 AF 8ToA A A3tH A pH

E ZA3to] 1 AXE 2143815, Duncan’s multiple range test® A
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Table 20. pH of Nabakkimchi during storage at 8T (unit @ %)

ultivars| Baek Daebu Chung Tae
F-value
anrngp day kwang ryoung Boon haele

0 A5.44 45,37 8574 A565 | 173

1 AB5 24 4521 A543 AS536 | 0.07

3 ABCqT74 AB462 B4 52 BY463 | 003"

5 Beq22 381 ®3.97 “304 | 059

7 “4.02 “3.74 ®3.80 “385 | 0.44™

9 v3.77 362 ¥3.76 ‘374 | 089>
L_value 405 R 15" 1361 Qo™ -

N.S. : Not Significant #%<0.05 #%<{0.01 s%kp<0, 001
Means with the same letter are not significantly different,
1) a,b means Duncan’s multiple range test for cultivars {row),

2) A, B means Duncan’s multiple range test for storage day (column).

Az AT 9B AL AR hEE AFAAE o] S48t W
ARG AZHS AT EElE AR J10] BAYel BF §
A7} GReU ATl HE $eHE BE R4 Ushith U
1Ae] AZGF i 5.37~5749) Welgon, Ayl gt w A
&ho] WA9dol= 3.62~3.778] HE Bac)

Fig, 125 B E29% U8 Azsio] 25CoA 1247 S48 %
8T Wgo] HUY AGMD)F AZ AF 8T BRI ARY A(BE)Y
47|zl W bS] pH WS HlmY Holu
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Storage day
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0 1 3 5 7 9
Storage day

®—Baekkwang —®—Daeburyoung
—&— Chupngwgogpn "X " Taebaek

Fig. 12. Changes in pH of Nabakkimchi during storage.
A ¢ stored at 8C after keeping at 25°C for 1Zhours

B : stored at 8T
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Table 21,

Acidity of Nabakkimchi during storage at 8C after keeping

at 25¢C (unit : %)
Cultivar| Baek Daebu - Chung Tae
. F-value
Storage _day kyrang rvoung _woon haek
0 “0.08° *0.07™ 0.08%° *0.06° 6.44"
“0.14 0.16 Y0.15 P0.16 3.28™>
2 "0.25° 0,26 “0.25° “0.22° 1217
3 #0.29° 0,25 “0.31° b0.27° | 56.61™
4 80.29° #4034 "0.33° 20t | 3214™
F-value 410657 71836 G456 H03237
N.S : Not Significant #%<0,05 #%<0,01 ¥xp<0.001

Means with the same letter are not significantly different.

1) a,b means Duncan’s multiple range test for cultivars (row).

2) A, B means Duncan’s multiple range test for storage day (column),

2 F 8T AHshAAM At
, Duncan’s multiple range test®
|z 2 0.06~0,0991 o,
slo] WYAgolE= 0.32~0.35¢8] S
E AAdAM F502 FAE B

=

K37} Qeleh,

LRz = 2 gtel wet A St
PdE ALt B

o, BE FFolA A7 uf

LIELsC
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Table 22, Acidity of Nabakkimchi during storage at 8C (unit : %)

Cultivars] Baek Daebu Chung Tae

Storage day Lwang  ruoung _woon pael | 1 value
0 “0.07° “0.07° *0.09° *0.06° 8.74”
1 %0.07 *0.07 0.08 *0.07 2.30™>
3 Y0.11° Y0.11% Y0.13° Y0.09° 17.79"™
5 “0.17° “0.23° “0.24° “0.21° | 11956™
7 “0.26" 0.26° 0.30° 0.27° 12.70™
9 A0.32° Ap.32° A0.35% 40342 13.50°%

E—value PRT AT BRET™  /R33]™Y g42.807

N.S. ! Not Significant #<0.05 #%<0.01 #kp<0.001
Means with the same letter are not significantly different.
1) a,b means Duncan’s multiple range test for cultivars (row).

2) A,B means Duncan’s multiple range test for storage day (column),

Fig. 13.2 ¥ 3 EE UHAE R3] 25TolA] 12412 543
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Fig. 13. Changes in acidity of Nabakkimchi during storage.
A : stored at 8C after keeping at 25C for 12Zhours

B : stored at 8C
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Table 23. Vitamin C of Nabakkimchi during storage at 8C after

keeping at 25T (unit : mg %)
Sample ;:;;::iléggi\\ Baekkwang Daeburyoung F-value
0 *25, 54 *21.30 1.79™>
1 “5.17° *9.16° 84.74™
Solid 2 “2.69 4,41 16.00™>
3 "1.73° ¥7.96" 135, 90"
4 "1.07° ’9.13° 150 67"
F-value 22 Q7™ 68.92™"
0 ND ND -
1 ND ND -
Liquid 2 2.18 “3. 54 2.01"*
3 1.01° ’8.76° 42. 70"
4 0.80° ‘8. 73° 71.71"
F-value 4.19%> 126 66"

N.S : Not Significant #<0.05 #%<0,01 *¥p<0,001

ND : Non Detectable

Means with the same letter are not significantly different,

1) a, b means Duncan’s multiple range test for cultivars (row),

2) A,B means Duncan’s multiple range test for storage day (column).

2) A=AF JAAA
Table 24 B EZHE LHRAE AZY ¥ 8TolN AgsieA
Vitamin C ¥3f& 3

= Duncan’s multiple
cange test® A|B7e] ol2E AZY Holth
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g Zolct,

Table 24, Vitamin C of Nabakkimchi during storage at 8C (unit: mg %)

ltivar
Sample o 3 Baekkwang  Daeburyoung F-value
0 419.12 41857 0.12™>
1 420.63" *%16.66° 9.33"
. 3 #1853 "15.69 2,15
Solid 5 8o 44° L. 77° 41.97"
7 0.89 P1.64 3.26"™
o) 81 77° L7198 27.99"
F-value 4101 10118
0 “ND “ND -
1 “ND “ND -
3 "ND “ND -
LIQUId 5 BND bND -
7 SND° 5.24° 28161
Q Ag P AQ012 351 08"
E-value 254 08" 113800

N.S : Not Significant %<0,05 #%<0.01 #k¥p<0,001
Means with the same letter are not significantly different.
1) a,b means Duncan’s multiple range test for cultivars (row).

2) A,B means Duncan’s multiple range test for storage day (column).
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Fig. 14, Changes in vitamin C of Nabakkimchi during storage.
A : stored at 8C after keeping at 25°C for 1Zhours

B : stored at 8C
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¥ 8TolN AFsida FEL MEE FFst 2 HAJE EAEHEA,
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Table 25. Color difference of Nabakkimchi

8C after fermentation at 25C

liquid during storage at

ultivar,
Col St Baek Daebu Chung Tae Fval
olor orgge vaiue
day kwang ryoung woon Baek
0 483.46° 483.62° A84.46° 488.05° 16.62™
1 579.15° 79.04° #78.58° “82.03° 6.34"
L 2 79.22° “76.99° Ag4.57 “U81.11° | 8627
3 579.59° $79.65° 484.19° "85.65"° | 23.62""
4 %79 15° 879 45°° AR5 117 Y20 .48° 6270
E=value {99* 45400 19807 65 24"
0 55.65" 5.61° 5,28 “4,50° 2067
1 5,81 6.08 46.41 5.24 2.97%°
a 2 b5.72° 6.30° “3.78" Heq.91¢ 3761™
3 A6.47 5.92° ¥5.37%° 5473 511
4 25607 6.11%° “4.08° Ag.Q2° 51.85™"
E-value 5.30° 1.QgN> 1218 782
0 “17.25° 17.88° $17.05° 16.40° 21.39"
1 #17.91™ 18.70* A18.85° “17.60° 507"
b 2 18.03° 18.68° 419.21° 420.76 3551
3 A18.71 18.49 418.84 “17.81 2.00%>
4 A18.89% 18.62° B17.02¢ ¥19.95° 312"
E-value q 85 33N 13990 576545
0 524.58° “24.90* 23.68° Y20.79° 25,19
1 428.10° 528.75° 429.25° 525.70° 547
JE 2 428.10° #30.30° %24.93° #28.49° | 3375
3 A28.44° “28.12° 525.18° “23.36° 11.34"
4 AoR 86° Y98 33 599 9]" A28 08" 52.29™"
E-value Qpa™ 25 07 13047 50720
N.S. : Not Significant #<0.05 #%<0,01  *%%p<0, 001

Means with the same letter are not significantly different.

1) a,b means Duncan’s multiple range test for cultivars (row).

2) A,B means Duncan’s multiple range test for storage day (column),

L : 100 = white, 0 = black

b : + = yellow, - = blue

a .

+ = red, - = green

AE = (AL% Aa’+ 4b?)*%
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Table 26.Color difference of Nabaikkimchi liquid during storage at 8C

. Itivar| Baek Dacbu Chung Tae .
Color F-value
anrqq'n Aay kumng Faidayifaled \t17aTata) Raelc
0 Ygro8*  “01.068"  "89.82° “89.10° | 25.77""
1 ¥92.56 "92.48 292.87 #92.98 1.64™
3 "93.10 fg324  "P9138  AY9045 | 1.85™
L 5 Ag4.09"  "89.64"  “8031"  “83.07° | 1518177
7 Y9189  "85.43°  “80.4l1° Y7578 | 167.32"
9 fg0.09" Ya0.49* “R1.92° Prs10° | 5935
F-value 121 677 /7637 ARa7t” 5082 1584
0 “4.94° "4.83° 4657 A7.05% 1434877
1 F441° ®4.63° ¥3.83° 456 3035
3 “4.02 *3.,74 “Y4.24 4,82 0.51%
a 5 F9.76° “4.41° A5 66° ®4.38" | 93.02""
7 Lagse  Mhgmg™ Y5330 Me20t | 11.977
9 4.43 %413 522 Ag33 | 3872
Fovalue QrOoN” A3 11" ART” 327"
0 A17.06° 1710 f2045°  “21.52% | 34R77
1 H15.33¢  Y1591° 0 Y16.95°  "VIR39% | 4893
3 “15.10 1483  “Y17.43" Y1773 4.44°
b 5 V1375 Bt1856° 19420 Y17.80" | 296.347
7 %1543°  U1680°  “1897" 41969 | 44517
q A705% Y1R48° PY1844°  Mon o3t | 10057
Fovalue 188 44° 0381 Q40" 5347
0 519.49¢  AP1990°  "23.77° "25.13% | 179.027
1 “17.60¢ Y1820 “MI879° - "2021% | 43497
3 Y17.08 Y16.73 “79.90 ¥20.79 2,718
4% 5 et 9002 MoB23 Y2497 | 230597
7 7.81% 0 fosss M8t 3183 100537
9 ofep21c Plasnc  P2R.367 Aao718 | 3009
Fovalue 168 /37 d0ag™" 23651 18320
N,S. : Not Significant %<0.05 #%%<0,01 #%ip<0.001

Means with the same letter are not significantly different,

1) a,b means Duncan’s multiple range test for cultivars (row).

23 A, B means Duncan’s multiple range test for storage day (column),

L
b

100 = white,

+ = yellow,

0=

black a .

hlue
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Fig. 16, Changes in yellowness and AE of Nabakkimchi during storage.

A stored at 8C after keeping al 25°C for 1Zhours

B : stored at 8C
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Table 27 F £5HZ WA E A &Rste] 25TolA 124|757 4]
7 F 8ColM AN &L HEE
I, Duncan’s multiple range test® A]%7he] FoxE HES A
B EZUE ARG WA E sy 7 SR s o ®
F3b A7zl BAGlo] BE FEAN RAE Rolr). oyl
ol 4 Az Fo] wls) EErt FAA S5 73
PAA o = FHE W glglch

Y2

~N

R=)

_{

=2
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E
o%,
r
)

Table 27. Transmission haze of Nabakkimchi liquid during storage at

8°C after fermentation at 25T

Cultivar Baek Daebu Chung Tae
Qtorace-das lewano ruaune woon Rael F—Value_
0 488.43" “86.95° #87.39" "84.02° 11.65"
1 SO ( A (O (Vi 48728 AU8458° | 321.83™
2 “86.49" A88.42° “79.04° “83.32° | 95.737
3 Avg. 73 87560 "83.98° “83.26" 772"
4 “84.41° Y86.13a 8433 "g6.31° | 116527
E-value 753" 15077 61057 492

N.S : Not Significant %<0,05 #%<0,01 #mip<0, 001
Means with the same letter are not significantly different,
1) a, b means Duncan’s multiple range test for cultivars {row).

2) A,B means Duncan’s multiple range test for storage day (column),

Table 282 Y FEFHE UWHHAE A2 2T 8Tl ABstHA

ele g Z2Aslel o oAIbE BEARRA90 Duncan’s multiple range test
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Table 28. Transmission haze of Nabakkimchi liquid during storage

at 8C
Cultivars| Baek Daebu Chung Tae .
Storage day kwang ryoung woon Baek Frvalue
0 *33.86¢ *36.85° “46,05° “50.03* | 136.21"
1 *34.13° “36.56™ “47.81" 67.92" 1750
3 37.93° v39.72° 58.25" 64.11° 29,127
5 “53.37° “75.81° 484.86 A83.72* | 69797
7 64.69" 78,65 A85.16" Ag8.42" | 297857
9 173.58¢ "84,08" "86.12° fg8.28" | 151,14
F-value 451.80™ 11105477 78147 31,4377

N.S, : Not Significant #<0.05 %<0, 01 akp<0, 001
Means with the same letter are not significantly different,
1) a, b means Duncan’s multiple range test for cultivars (row).

2) A, B means Duncan’s multiple range test for storage day (column),

717 2B Bl ZELE gtandard® dle] 028 7)E31e& o) 33.8

6~50.03¢] WelE Helon], Aol wel i Zrlslel WHIYl
73.58~88,28¢] W¢lE Holth ZEURE ©wo] 71 eim, Wato]

A% gre ARe Uhdch AUHeR 18R $Ee] FHBol vy AY
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Fig. 17. Changes in transmission haze of Nabakkimchi liquid during
storage.
A : stored at 8C after keeping at 25°C for 12hours

B : stored at 8T
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Duncan’s multiple range test® A|F7he] RolaE 73 Zlolrt,
E ZXolA 8917} glaich. A& ol uhd fofxbe A ANk

o7 AR utel FE7t st F¥eldltt, EFEEE VIEFY %

&, elyo] i FEFof wis) fFfFez ety F¥e uEhych e

Table 29. Hardness of Nabakkimchi solid during storage at 8C after

fermeﬁtation at 25C (unit @ X10°dyne/cn®)
\% Baek Daebu Chung
TaeBaek | F-value
Storage day kwang ryoung woon
0 767" 530° 1018° 1054° 9.68""
1 714° 767° 1031° 987 6.49™
2 627° 625° 1012° 920" 6.21"
3 699° 651° 881° 1004 17.76™
4 6920 494° 847° 977" 18.93"""
F-value 183> 1.59%° 2387 053"

N.S. : Not Significant %<0.05 #<0.01 *#kp<0.001
Means with the same letter are not significantly different,
1) a,b means Duncan’s multiple range test for cultivars (row).

2) A, B means Duncan’s multiple range test for storage day (column).

Table 302 F EZHZ XS AR 2F 8THAM HAsIHA Z

j o=}
=8 EA3le] 1 AHE FAHEASIAL, Duncan’s multiple range test®
x
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Table 30. Hardness of Nabakkimchi solid during storage at 8T

(unit : x10%dyne/cn’)

W Baek Daebu Chung Tae
F-value
Storage HQV IIKXIQY\'Q‘ ryoung waoan Raels
0 Ab748° g3 989° 1164* | 5657
1 AR46" “495° 959° 994" 10.28™
3 A781° A709° 10397 1033* 6.68™
5 646" A744%° 886" 925 429
7 A7 ABLEa5e 883° 1096* | 12417
9 AB7eEDb AbgagP 7820 10432 490
E-value 279" 396" 1.293> 1. 855

N.S. : Not Significant %<0,05 #%<{0,01 #%xp<0.001
Means with the same letter are not significantly different.
1) a,b means Duncan’s multiple range test for cultivars (row),

2) A, B means Duncan’s multiple range test for storage day (column),

BE AzdolN FFT Foabvt dgled, A7l wE ¥

WYgzh cf 7 o AR LERSiT '
Fig. 18.& ¥ E3HWE WPUAAE ARsto] 25TolA 1243 543
)2

F 8C WAl BT Z(aL) A2 FF AR 2ug Z(B
ol
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Fig. 18. Changes in hardness of Nabakkimchi solid during storage.
A : stored at 8C after keeping at 25C for 1Zhours

B : stored at 8C
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Table 31 F F33 szl whE WA 718 Ao cigt #

B8 A AE BAMHEAMSI |, Duncan’s multiple range test@ A& 7He]

+2AE AT Zolth

Table 31. Color of sensory evaluation of Nabakkimchi solid with

different fermentation condition

\% Baek Daebu Chung Tae
e F-value
Conditinn. kwang ryoung. “oon haalc
A 2.36 2.91 3.00 3.18 1.47%
B 2.64 2.64 2.82 3.00 0.29™>
C 3.09 3.09 3.09 3.36 0.228>
D 2.3 3.27 3.36 3.27 119
E-value 1047 106%™ 0.697 Q.24

s

.S. ¢ Not Significant

o=

© stored at 8°C for 2days after keeping at 25°C for 12hours.

B ¢ stored at 8C for 3days after keeping at 25°C for 12hours.

(@]

: stored at 8'C for bdays.

D : stored at 8C for 7days,
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Table 32. Hardness of sensory evaluation of Nabakkimchi solid with
different fermentation condition
Cultivar Baek Daebu Chung Tae
Condition lowang ryoung woan baslk F-value
A 2000 *3.45° 3.73° “382" | 743
B "L.27 3,09 3.91* “3.00" 12.87°
C 42.82° #3555 4.36" "4.82° 12,097
D "2.82° t.45° 4.27* 436" | 1841
F-value 827" 2.29" Lo4™ 796"

N.S. © Not Significant #<0.05 #%<0.01 x%p<0, 001
Means with the same letter are not significantly different,

1) a,b means Duncan’s multiple range test for cultivars (row).

2) A, B means Duncan’s multiple range test for fermentation condition

(column),

A @ stored at 8C for 2days after keeping at 25°C for 12hours.

B : stored at 8°C for 3days after keeping at 25°C for 1Zhours,

C : stored at 8C for 5days.

D ! stored at 8C for 7days.

2) =&

7}) Color (A4)

Table 332 w3t sdzel whE W] FEe] Aol i s

AAl AzpE BarEA8}a |, Duncan’s multiple range test 2 A|&EZH2]

%
VA SEe] Mol ittt BeAAL Ao &4 2%l HF
7b lglen, e FHoAE FFolvt s4uE 2 7]
o1xp7h glglvh. &l Aol gl YA Hes

o) AspAL BejA] o2 Y FEE P
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Table 33. Color of sensory evaluation of Nabakkimchi liquid with

different fermentation condition

Cultivar Baek Daebu Chung Tae
" F-value
Coandition lznrqng' ryoung woann haegle
A 3.45° 2.27° 2.36" 3.09* 4.19"
B 2.64 2.82 3.36 3.18 171>
C 2.55 2.91 3.18 2.82 0.74™>
D 2.73 3.09 264 3.00 061>
E-value 223> 1.62°3> 243> 035>

N.S, : Not Significant #<0.05

Means with the same letter are not significantly different,
a,b means Duncan’s multiple range test for cultivars (row).

. stored at 8C for 2days after keeping at 25°C for 12hours,
© stored at 8C for 3days after keeping at 25°C for 12hours.

: stored at 8C for 5days.

o O 9w >

: stored at 8C for 7days,

L} Turbidity (El%)
Table 34&= F 53 4270 W& WA 259 &= ofst #

=2 AAE BEAHEAS3 ) Duncan’s multiple range test® A ®.7He]

KRS AFY Roltt
tga) 89 SEe] tE B A BFU S W AT

of #AIglol BE AEZte] KA gldich HEel iyt B Hes

2.36~3.362] MLIZ Mol izt BFrlo At upA AR wle g E Ee}
AE e F A= Bt A4E 43 ded olv dUFH2E v
A2] 2% pHelal ezl pH 3.8~4.22] Helo] el ABE TeHA
AR AEET] el AR ApAZE G & Al &3 ol wiE

o= gz,
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Table 34. Turbidity of sensory evaluation of Nabakkimchi liquid with

different fermentation condition

Cultivar Baek Daebu Chung Tae
it F-value
Conditinn L"XTCIY\,(_‘L ryoungo hi7daYalal haal-
A 3.00 3.00 2.91 2.64 0.30™>
B 2.91 3.00 2.91 2.36 084>
C 2.82 3.36 2.82 273 0.78™
D 3.00 2.73 3.18 2.64 0.80™
F-value Q.07 0.86™ 031> 0,99

N.S. ¢ Not Significant
A ! stored at 8C for 2days after keeping at 25°C for 12hours.
. stored at 8C for 3days after keeping at 25°C for 12hours,

! stored at 8C for 5days.

o O w

' stored at 8C for 7days,

,_]
oy
=2
[¢]
W
[43]
fr
~
o

254 g9zl wE A FES Algtel cigt #

2
oM FFoll whE Rzt Qo S L U] melMEe g

3 epaol A go)xivt et

- 194 -



Table 35. Sour taste of sensory evaluation of Nabakkimchi liquid with

different fermentation condition

M Baek Daebu Chung Tae
-, F-value
Caoandition 1 Bang EOURD wIann haple
A 3.36° 3.09" 4,09 53.18° 378"
B 3.00 ®3.27 355 AB3 64 1.23%>
C 2.91 59.73 3.36 #2901 0.89™>
D 2.82° A4,18° 373" 2418 5.49"
F-value Q.86 676" 117> 418"

N.S. : Not Significant #<0.05 #%<0,01 s#ikp<0.001
Means with the same letter are not significantly different.
1) a,b means Duncan’s multiple range test for cultivars (row).

2) A,B means Duncan’s multiple range test for fermentation condition

(column),

A : stored at 8°C for 2days after keeping at 25°C for 12Zhours.
B : stored at 8°C for 3days after keeping at 25°C for 1Zhours.
C : stored at 8°C for 5days,

D : stored at 8C for 7days.

3) Overall quality (Z4iael ulghzlAg)
Table 36& % EZx} HAdzo] wE Uabzlxle] kel whgkzy
o] tiat Ti=AHA} AE BEArEAEl , Duncan’s multiple range test®

N2 §AE AT Holt)
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Table 36. Overall quality of sensory evaluation of Nabakkimchi with

di fferent fermentation condition

Cultivar Baek Daebu Chung Tae
i F-value
Condition kwang rvoung woan bhaek
A 2.55° 2.09° #4.36° 2.64° 1027
B 2.36° 2.09° A4.09° 2.64° 11.32™
C 3.09 2.09 *3.00 2.55 255"
D 3.18 2.55 b2.64 2.36 1.20%>
F-value 143> - 068" 806" 0215

N.S, @ Not Significant #<0.05 *%<0,01 s&xp<0,001

Means with the same letter are not significantly different,

1) a,b means Duncan’s multiple range test for cultivars (row).

2) AB means Duncan’s multiple range test for fermentation
condition(column).

A @ stored at 8°C for 2days after keeping at 25C for 12hours,

B : stored at 8C for 3days after keeping at 25C for 12hours,

C . stored at 8°C for 5days.
D

. stored at 8C for 7days.
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—®*— Baekkwang —®— Daeburyong

—4— Chyngwoon - =% -Taebaek

Fig. 19. QDA profiles of Overall quality of Nabakkimchi
with different fermentation condition.

: stored at 8C for 2days after keeping at 25°C for 12hours,
: stored at 8C for 3days after keeping at 25°C for 12hours,
' stored at 8C for 5days.

o O w =

: stored at 8C for 7days.
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Table 2. Growth analysis of radish plants grown in fall season at

different soil condi tions”.

Soil Plant fresh Root fresh Root Root

Cultivars
conditions weight(g) weight(g) diameter(cm) length(cm)
A% 1518140 1173182 10.3£0.6 20.5%+1.4

Taebaek
B 461+ 53 3404 32 7.0%0.3 13.5%1.0
A 1845+ 22 1274%164 10.6x0.8 21.2+1.7

Baekja
B 386 72 247+ 38 6.210.3 11.8%£0.6
A 1649+127 1365%108 11.1%0.4 21.7%1.3

Chungwun
B 5571185 444+146 7.0x0.9 13.1%£2.1

') Data were obtained 10 plants for each cultivar.
2 p: Sandy soil at "Hungnong Co’ field, Chochiwon,

B: Clay soil at ‘Chung-ang univ,’ field, Ansung.
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Table 3. Growth analysis of radish, fall season type, grown in fall

season at different soil conditions.

Soil Plant fresh Root fresh Root Root

Cultivars
conditions weight(g) weight(g) diameter(cm) length(cm)
A 19751220 1635+£203 - 36.8+2.7

Beakkwang
B’ 421+ 39 333t 40 5.56%0.2 22.4%0.7
A 1660+287 1360242 8.1£0.7 36.0%2.6

Housebom
B 365+ 63 290+ 54 5.0t2.8 22.8%1.5

% A, B: See the <Table 2)

Table 4. Growth analysis of radish plants grown

different soil conditions.

in summer in

Soil Plant fresh Root fresh Root Root

Cultivars
conditions weight(g) weight(g) diameter(cm) length(cm)
A 1742+177 1384%146 9.5%0.6 28.5%1.6

Daeburyoung
B 631+103 469+ 84 7.0%0.2 18.6%+2.9
A 1675148 1421%133 9.7£0.6 26.7%1.5

Daejin

B 4431127 338106 6.1%5.7 18.2%£2.1

% A, B: See the <Table 2>
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Table 5. Growth analysis of small radishes grown in different soil

conditions.
Soil Plant fresh Root fresh Root Root
Cultivars
conditions weight(g) weight(g) diameter(cm) length(cm)
. A 19927 150+21 5.5%0.5 12.1£0.6
Sinjin
altari B" 119418 90+13 4.940.3  9.9+0.4
A 230126 17116 5.8%3.1 11.8%x1.1
Chusuck
altari B 127431 93+20 4.7+2.3 9.9+0. 4
A 507 =84 388+68 7.3x£0.6 13.0%1.2
Dongja
B* 21013 159*11 5.3%0.1 9,50, 3
A 399£62 312+49 6.615.4 12.0x1.6
Chudong ‘
B 232135 175+24 5.6x£3.0 10.1%0.1

* A, B: See the <Table 2>
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Table 6. Comparison of tissue hardness of radishes measured as shear

force grown at two different locations, (10 « N/m%)

Ansun Chochiwon

. B Total

Cultivars
mean
A B' Mean A B Mean
Taebaek 150. 3" 134.4  142.4%11.2 1457 141.3 143.5%3.1 H2-9£E-0-8
Baek ja 148.2 126.2 137.2%15.6 127.8 121.6 124, 7x4.4 +31-0+=-8"S8
Chungwun 120.2 122.3 121.3x 1.5 120.4 110.3 115.4%7.1 H83E=42
Baekkwang 113.1 99.3 106.2* 9.8 97.7 94,5 96.1£2.3 ito2x=7t
Housebhom 115. 4 103.2 109.3% 8.6 93.5 86,2 89,9+5.2 9693138
Daeburyoung 118.1 118.6 118.4%x 0.4 109.4 115.8 112,6*4.5 1—1—5—5—‘_*:—4—1-
Daejin 117.0 121.3  119.2+ 3.0 117,7 113.5 115.6%+3.0 HIA4E25
Sinjin
105.3 170,5 137.9%46.1 - 146.9 146.9 H24E=64

altari
Chusuck -

. 125.7 167.8 146,8+29.8 - 149.4  149.4 H81=1-59
altari
Dongja 129.9 129.9 129.9% 0.0 134,4 123.4 128.9%7.8 129407
Chudong 120.0 111.7 118.9* 1.6 118.6 113,8 116.2%+3.4 H5+1-9

Z: Vertical(longitudinal) direction,

Y: Horizontal(croo-sectional) direction,

X: Data represent meanXS E.
Ansung: Average from 30 roots for each cultivar.
Chochiwon: Average from 15 roots for each cultivar,
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X 8. 392 BF F £HRA}
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g 34.0 7.1 8.2 6.5 457  20.7 1,500 267
WPRA 32,7 6.6 7.1 63 47.3 19.3 1,233 300
Bscfy 363 6.9 7.9 6.4 47.3 18,3 1,600 300

248z 0 FEEFER(F) AF%

ezl 2 '97. 5. 12 - '97. 7, 21

E 11, 2BAF(14H) F1 ¢ZRAL
o 2% A3 33 E g4 dx g%
EAd (cm) (cm) (cm) (cm) (em) (ER)  (g)  (g)
95307 30.0 6.1 6.8 49 395 27.5 933 308
BEJEF  26.8 6.3 7.7 52 40.8 28.2 983 300
92343 25.7 6.6 80 4.8 40.7 163 983 275
T & 21.7 54 6.4 4.2 325 155 575 158
th 3 20.5 6.1 7.4 43 345 165 692 150

AAAZ]  FEER(F) AFSF
Zjuj 712 ¢ '97. 6. 1 - '97. 8. 18
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Table 1. Yield parameters of radish hybrids bred for spring season

cul tivationZ).
. Root To
Root Root diameter(cm) e Leaf Number P
. fresh fresh
Line length length of
mass mass

(cm) Upper Middle Lower (em) leaves

() (&)

Baekkwang  33.7 6.1 6.9 5.1 1,033  48.0 19 300

95307 30.7 7.1 8.5 6.2 1,333 42,3 28 467

9664 29.0 6.4 7.9 5.5 1,000 39.0 35 367

“Radish were produced in Experimental Station at Chochiwon, Five
representative plant

from each line were sampled and the average was shown,

- 220 -



Table 2. Yield parameters of radish lines bred for house cultivation,

Root d (cm)  Root Top EMEMN
t diamet 00 To
Root oot diametericn Leaf Number P of
. fresh fresh
Line length length of flower
mass mass
(em) Upper Middle Lower ( (cm) leaves stalk
g) 8 )

Baekkwang 26.0 8.1 8.1 5.8 1,150 51.0 29.5 400 0.2

95307 3.0 7.9 7.9 46 1,200 43.5 22,5 200 0.2

9664 32.5 7.9 6.9 42 1,000 48,5 40.0 325 0.6

?Radish were produced in a plastic film house during winte and early
spring at Experimental

Station at Chochiwon, Five representative plant from each line were
sampled and the

average was shown,
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Table 3. Yield parameters for radish plant from F; and breeding lines

for fall season cultivation®,

)

Root Top
Root Root diameter (cm) Leaf Number
fresh fresh
Line length length of
mass mass
(ecm)  Upper Middle Lower (cm) leaves
(g) (g)
95341 17.3 6.8 9.5 7.1 917 37.2 15.8 267
96371 21.7 7.5 9.6 7.1 1,183 39.7 20.5 283
Chungwun 19.8 8.0 10.1 8.0 1.217 41.8 17.3 317
Baekja 22.3 8.0 10.3 7.9 1,325 57.8 27.7 683
Taebaek 19.3 6.9 9.6 9.3 1,208 42.2 15.8 300

?Radish were produced during fall season in Experimental Station at

Chochiwon, Five representative plant from each line were sampled and

the average was shown.
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Table 4. Yield parameters for radish plant from F and breeding lines

for fall season cultivation®.

)

) Root Leaf
Root Root diameter{cm)

Fresh Number fresh

Line length length
(cm) Upper Middle Lower rass (em of leaf mass

() (g

95341 20,2 7.8 10.7 5.2 1,342 33.3 18.5 283
96371 18.8 8.2 9.8 5.9 1,233 39.5 22.2 583
Chungwun 18.1 8.6 11,1 6.4 1,508 34.0 19.8 283
Baekja 17.5 8.6 10.6 6.3 1,492 49.3  27.7 742
Taebaek 18.2 7.4 9.9 5.2 1,150 36.3 17.3 342

2)Radish were produced during fall

Haenam, Chonlanum-do.

Five representative plant from

average was shown,
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Table 5. Growth parameters of F1 hybrids and parents lines for spring

and summer radish cultivars,

Number PlantFresh Top Root Root Root
Genotype 0 f height mass weight weight length diam,

leaves (cm) (g) (g) () (cm) — (mm)
Baekwang 20.3 75.1 1,458 194 1,263 33. 73.9
1 25.9 32.6 529 184 345 28. 41.3
2 16.9 31,2 520 135 385 14. 65.8
Daeburyoun 16.5 61.5 1,363 162 1,201 26. 91.3
8
1 9.5 35.6 743 99 644 24, 69.7
2 18.8 29.9 466 143 323 16. 52.8
Kwangdong 29.8 58.5 1,480 208 1,272 24. 88.6
1 42,2 35.4 943 260 683 25. 61.7
2 19,7 34.5 802 199 603 18, 67.8
91144 21.5 76.2 1,379 267 1,112 34, 66.5
1 30.0 33.5 769 215 554 35. 45.3
2 9.5 35.6 743 99 644 24, 69.7
92343 16.2 70.7 1,620 221 1,399 28. 97.2
1 9.5 35.6 743 99 644 24, 69.7
2 16.9 31.2 520 135 385 14, 65.8
95307 29.7 69.4 1,600 269 1,331 31. 76.1
1 42,2 35.4 943 260 683 25, 61.7
2 16.9 31.2 520 135 385 14, 65.8
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Table 6. Comparison of root firmness of F, and their

parentlines(unit:N},

ctions
Upper
Line

Middle Lower Average
Bakwang 596. 1 545. 6 558. 2 566. 6
1 773.5 715.7 793.9 761.0
2 676.7 653.7 690.2 673.5
Daebureong 720.0 674.9 792.9 730.0
1 742.9 565. 9 681.6 663.5
z 1261.7 1387.6 1586. 9 1412.1
Kwandong 795.1 734.3 729.7 753.0
1 736.0 639. 4 749.1 708. 2
Z 941.5 838.9 861.0 880. 5
91144 823.2 688.3 728.2 746.6
1 938.8 920.0 922.1 927.0
2 742.9 565.9 681.6 663. 5
92343 750. 4 683.9 737.4 723.9
1 742.9 565. 9 681.6 663. 5
2 1031.1 936.7 1048.9 1005.6
95307 693.0 693.9 687. 4 691. 4
1 736.0 639. 4 749, 1 708, 2
2 1031.1 936.7 1048. 9 1005. 6
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Distribution of leaf length in Baeckwang, parents, F,, backcrosses

(in995)
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Distribution of leaf length in Chung-woon, parents, Fg, backcrosses

(in 99.5.)
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Distribution of fresh weight in Baec-kwang, parents, F,, backorosses
(in99.5)
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Distribution of fresh weight in Kwan-dong, parents, F,, backcrosses
(in99.5.)
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Distribution of leaf weight in Baec-kwang, parents, F,, backcrosses
(in99.5.)
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Distribution of leaf weight in Kwan-dong, parents, F,, backcrosses
(in 99.5.)
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Distribution of Root weight in Baec-Kwang combinations (in 9. 5.)
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Distribution of Root length in Baec-Kwang, parents,F,,backcraosses
(in 99. 5.)
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Distribution of Root length in Kwan-Dong, parents,F, backcrosses
(in99.5.)
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Distribution of Root diameter in Baec-Kwang, parents,F,,backcrosses

(in99. 5.)
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Distribution of Root diameter in Kwan-Dong, parents,F,backcrosses
(in 99. 5.)
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95341 18.5 7.2 11.0 7.5 1267 40.7 20.2 267

96371 24.7 7.6 10.0 7.3 1642 52 19.8 375

3 92 24 76 10.3 7.6 1508 55.2 19.5 317
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95341 18.7 7.3 10.0 5.5 1175 43.8 18.8 375
96371 22 8.3 9.9 5.8 1367 45.5 21.5 - 417
¥ + 203 84 1.0 59 1550 44.8 1935 383
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