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SUMMARY

I. Title of research

Development of processed products with high added value and

functional food materials using radish(Raphanus Sativus L.) leaves

II. The objective and importance of research

Radish(Raphanus sativus L) is representative vegetable of Korea at
the present. Radish was introduced from China at the period of the Three
Kingdoms and cultivated its radish generally at the Koryo, an ancient
Korean state. Total gross production of vegetable was 1,561 ton of radish
and 2,678 ton of Chinese cabbage by crops statistics of 2003. It takes up
10-15% of radish and 25% of Chinesecabbage in the total vegetable
production of Korea. We prospect that production of radish leaves is very
similar value to radish production. Traditionally, raw vegetables were dried
in the large production season of vegetables. These dried vegetables can
supply all the time in the demand of consumer by the improvement of
storage periods and have special texture and flavor. Recently it is used hot
air drying method, very fast drying method in the dried vegetable
processing. But this method has disadvantages, color change lowering flavor
and texture damage in the dried vegetables. So, it needs optimum drying
condition according to vegetable varieties.

This study was performed distribution of surface microbes according to
radish leaves varieties. It was investigated the effects of pre-treatment
method on the microbes on the surface of Radish (Rapharnus sativus L.)
leaves. Independent variables put in water washing (X;), microwave

treatment (Xz) and steam treatment (X3) using central composite design and
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response surface analysis. And the composition analysis of various radish
(Rapharnus sativus L.) leavesand the effects of drying condition on the
quality characteristics of hot-air dried radish leaves were carried out by a
response surface methodology. In addition to, it was tested of radish leaves,
radish leaves material and processed foods on the preventing adult diseases
by animal test. Justly, object of this study was performed development of
processed products with high added value and functional food materials

using radish (Raphanus Sativus L.) leaves.

III. Scope and content of the study

1. Development of functional food material and processed food products
using radish leaves
1) Functional material searching and processing method examination for
food material of radish leaves
2) Process development of healthy functional food material using radish
leaves
3) Development of processed food products using radish leaves
2. Prediction of microbiology safe range and establishment of quality
standard in the radish leaves
1) Prediction of microbiology safe range and establishment of quality
standard in the radish leaves
2) Establishment of microbiological and sensory quality standard in the
functional food material of radish leaves
3) Establishment of microbiological and sensory quality standard in the
processed food products using radish leaves

3. Effect of radish leaves and processed foods on preventing adult diseases

_13_



1) Effect of radish leaves on improving of lipid metabolism and
antioxidative defense system

2) Effects of radish leaves on improving of constipation and anti-obesity

3) Effect of food materials and processed food from radish leaves on

prevention of several adult diseases

IV. Results and discussion
1. Development of functional food material and processed food products

using radish leaves

1) Functional search and experiment of processing method for food in the

radish leaves

The composition analysis of various radish(Rapharnus sativus L.)
leaves and the effects of drying condition on the quality characteristics of
hot-air dried radish leaves were carried out by a response surface
methodology. Independent variables put in drying temperature (X;) and
drying time(X:), dependent variables put in color, calcium, iron, vitamin, etc.
In the proximate composition of radish leaves by varieties, there were no
significant differences in the ash, protein, lipid, calcium and iron content of
samples, but there were significant differences in the vitamins, chlorophyll
and color value of samples. The quality characteristics on dried radish
leaves by central composite design, it was significant value on the moisture
content, chlorophyll and color value according to drying temperature and
drying times. But there were no significant differences in the contents of
calcium (31.41-35.80 mg/g, dry base) and iron (0.21-0.29 mg/g dry base).
The multiplex regression coefficients analysis was calculated with

independent variables (X;, X») and dependent variables (moisture, chlorophyll,
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color value). The calculated coefficient correlations for the each samples
were R® >0.97. The effects of drying temperature were greater than drying
timein the total chlorophyll content changes of radish leaves. Based on the
present study, the optimum drying condition for the lowest color changes
and effective reduction of moisture of radish leaves were expected to be 5~
6 hours at 70C. According to drying time, it was not different in the
component changes, but it must to need drying temperature, time,

pre—treatment method for maintain green color.

2) Processing development of healthy functional food material using radish
leaves

For food material using radish leaves, it was collected same varieties
sample and was examined calcium, iron, vitamin etc. It showed 25.46~32.13
mg/g of calcium, 0.21~0.28 mg/g of iron, but it were not significant value.
And also, it showed 0.02~0.03 mg/g of vitamin BIl, 0.12~0.16mg/g vitamin
By 0.04~0.06 mg/g of vitamin C. And it was investigated physiological
activated materials in the two varieties of radish leaves(Kwantung,
Minongdanbaek). Extraction solvent used water, methanol and ethanol. In the
yield of extracted materials, it showed highest yield ratio dried sample
prepared simply at 60C. Total polyphone content of radish leaves was not
significant value according to extraction solvent. Radish leaves materials was
prepared in the base of below examination; drying condition and minor
component changes for keeping green color of radish leaves, physiological
activated materials, electron donating ability, polyphenol compounds, nitrite
scavenging ability etc. It was analysed seven samples from harvested raw
radish leaves and two varieties were prepared by pilot plant sample. And
also, radish leaves food materials I, II was packed PE film and film with

laminated aluminum, and was examined total microbes, color at room
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temperature storage. The result of that, it showed 10° CFU/g and no change

color of radish leave food materials 6 month at room temperature.

3) Development of processed food products using radish leaves

By processed food products matched with radish leaves, radish leaves
materials, it was selected noodle, dried radish leaves(Siraegi),
seasoning (Hurigake), sweet bean curd(Yanggang). The final selected
products were noodle, dried radish leaves and seasoning by testing of
quality characteristics of processed food products. It packed PE film and
aluminum laminated film processed food products and preserved at room and
refrigerated temperature. The result of storage examination, it was no
changes in the number of microbes, green color of products packed with
protected light. This processed food products was possible in the storage
periods at room temperature for one year. And also, food materials and
processed food products was analyzed unit cost and economics by base of

equipment of participated plant.

2. Prediction of microbiology safe range and establishment of quality

standard in the radish leaves.

1) Prediction of microbiology safe range and establishment of quality
standard in the radish leaves

It was investigated the effects of pre-treatment method on the
microbes on the surface of Radish (Rapharnus sativus L.) leaves.
Independent variables put in water washing (X;), microwave treatment (X2)
and steam treatment (X3) using central composite design and response
surface analysis. It was not detected in the pathogenic microbes, Samonella

spp., Camphylobacter spp., Vibrio spp., Shigella spp., Staphyloccocus spp.,
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on the surface of collected radish leaves without pre—treatment. But general
microbes showed 3.90x10°~1.20x10'CFU/g of total microbes, 1.10x10*~2.00~
10° CFU/g of E. coli, 2.40x10°~355x10°CFU/g of yeast/mold on the surface
of various radish leaves and lactic acid bacteria was detected or not
according to collected samples. The best method of pre-treatment was steam
treatment on the microbe reduction effect of samples surface. Also, the
multiplex regression coefficients analysis was calculated three independent
variables (X;, X, X3) and dependent variables (total microbes, lactic acid
bacteria and yeast/molds). It showed high correlation R* 0.89, 0.87, 0.85,
respectively. For effective reduction of surface microbes, the best method
was water washing with microwave or steam treatment at the same time.

After inoculating artificially 10'CFU/g of E. coli on the surface radish
leaves, it was examined microbes changes of radish leaves according to
storage periods at room temperature. It showed 2.2OX102CFU/g of control at
room temperature without inoculation and not detected micorbes at refriger
and cold room. But samples inoculated artificially, it showed 107CFU/g of E.
coliall samples continuously. After 10 days, control sample showed similar
microbes numbers and remained initial inoculated E. coli. Especially, it
increased microbes from 3.10x10° to 3.8OX108CFU/g in the samples stored
room temperature. If it is infection of pathogen microbes in the radish
leaves, it will be increasing microbes in sample surface. It should do

pre—treatment in samples for safety of radish leaves.

2) Establishment of microbiological and sensory quality standard in the
functional food material of radish leaves

After preparing food materials I, II prepared radish leaves, control dried

radish leaves, concentrated radish leaves extract I, II, it were examined total

microbes, yeast and mold. The result showed detection of total microbes,
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yeast and mold, but it showed not detection of pathogen microbes. Quality
basis of microbiological in the food materials was total microbes and
pathogen microbes. And sensory quality standards were green color of
radish leaves. By these bases, food materials I, II was established below
index @ collection and washing of samples : after removing foreign
substance from harvested radish leaves, it washes 2-3 times by flowing
water @ blanching : blanching less than 10 min at 100C temperature and
above pH 7 @ cutting and crushing @ Enzyme treatment: 0.05~1.0 %
enzyme addition and 5~24 hours enzyme reaction at 30~50C @drying and
freezing or concentration ®packaging and sterilization :@ after it is packed
this, dried or concentrated food materials by PE film or film laminated
aluminum, it is treated 10 min sterilization at 100C. We can decide index of
radish food materials according to preparation step by batch or continuous

equipment plant.

3) Establishment of microbiological and sensory quality standard in the
processed food products using radish leaves

It is not detected pathogen microbes in the processed food products
using radish leaves. And moisture content of its products is less than 10%
it can’t grow microbes in this condition of processed food products except
inoculation microbes artificially. Processing step of noodle is raw materials—
kneading—first aging—molding—second aging—rolling—cutting and drying—
packaging. Prepared noodle added radish leaves materials was moisture
content less than 10%, it couldn’t grown microbes in this products. A
granule seasonings(Hurigake) was prepared raw material—>mixing with
radish leaves—granulation—drying—packaging by the mixed seasoning of
Food KS(Korea standard). On the other, dried radish leaves(Siraegi) was

prepared traditionally, this method has disadvantage of color change(green—
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brown color) and not safe it by non hygienic treatment. But this dried
radish leaves(Sraeli) have green color of radish leaves, safe quality and
steps of this product were washing—blanching—cutting—drying—packaging.
And it was prepared HACCP plan in the food materials and processed

products of radish leaves.

3. Effect of radish leaves and processed foods on preventing adult diseases

1) Effects of radish leaves on improving of lipid metabolism and ant

oxidative defense system

The current study examined the effects of radish leaves powder on
hepatic ant oxidative system in rats fed high-cholesterol diet.
Sprague-Dawley male rats weighing 100£10 g were randomly assigned to
normal group (N group), normal diet with 5% radish leavespowder
supplemented group (NR group) and high-cholesterol groups, which were
sub-divided into radish leaves powder free diet group (HC group) and 2.5%
(HRL group), 5% (MHRM group), 10% (HRH group) radish leaves powder
supplemented groups. Hepatic super oxide dismutase activity was no
significant differences. Hepatic glutathione peroxidesactivity was significantly
increased in 5%, 10% radish leaves powder supplemented groups. Hepatic
hydrogen peroxide contents in cytosol were no significantly differences.
Hepatic hydrogen peroxide contents in mitochondria were significantly
reduced in radish leaves powder supplemented groups. Hepatic superoxide
radical contents in microsome were significantly reduced in radish leaves
powder supplemented groups. Hepatic superoxide radical contents in
mitochondria were significantly reduced in 5%, 10% radish leaves powder
supplemented groups. Hepatic TBARS values were significantly reduced in

5%, 10% radish leaves powder supplemented groups. Hepatic lipofuscin
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contents were no significant difference in high-cholesterol groups. Hepatic
carbonyl values were significantly reduced in 5%, 109 radish leaves powder
supplemented groups among high-cholesterol groups. The results indicate
that radish leaves may reduce oxidative damage by activating antioxidative

defense system of liver in rats fed high-cholesterol diets.

2. Effects of radish leaves on improving of constipation and anti—obesity

Fecal weights and water contents were significantly increased in radish
leaves powder supplemented groups than that of HC group. Fecal total lipid
contents including fecal neutral and acidic sterols in radish leaves powder
supplemented groups were higher than those of the HC group, and especially
that of HRH group was the highest among all experimental groups. Activity
of UDP-glucuronyl transferase in liver in HRH group was 38% higher than
that of HC group. Fecal bile acid excretions were increased 2.3 and 2.7 folds
in HRM and HRH groups compared with that of HC group. Contents of
neutral sterol, coprostanol and coprostanone were higher in radish leaves
supplemented groups than in HC group. These results suggest that radish
leaves may act as potential substitute for a dietary fiber capable of

improving a gastrointestinal function and lipid metabolism.

3. Effect of enzyme- treated powder and processed food from radish leaves
on prevention of several adult diseases
This study was conducted to investigate effects of the powder and
processed food from radish leaves on the blood glucose levels and the liver
lipid concentrations in rats fed high fat diet. Experimental animal was used
Male Sprague-Dawley rats weighing about 100+10 g. Experimental groups
were divided into five groups such as normal diet group (N), high fat diet

group (H), high fat diet with 10% powder of Radish leaves (HRP), 10%
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enzymic-treated powder of Radish leaves (HERP) and 10% enzymic-treated
processed food of Radish leaves (HERF) groups. Body weight gain and food
efficiency ratio (FER) which was increased by high fat diet was
significantlyreduced by enzymic—treated powder and processed food of
Radish leaves. Blood glucose levels were not significantly different in all
experimental diet groups. The liver lipid concentrations that total-lipid,
triglyceride, total cholesterol and HDL-cholesterol which was increased by
high fat diet was significantly reduced by all experimental material diet
groups. The liver LDL-cholesterol contents were improved by supply of
experimental material. Hepatic superoxide dimutase activity was no
significant different in all groups. Hepatic glutathione peroxidase activity was
significantly increased in HERP groups. Hepatic superoxide radical contents
in microsome were significantly reduced in radish leaves powder
supplemented groups. Hepatic superoxide radical contents in mitochondria
were significantly reduced in enzymic-treated powder and processed food
from Radish leaves supplemented groups. Hepatic superoxide radical contents
in microsome were increased by high—fat diet were somewhat decreased by
enzymic-treated powder and processed food from Radish leaves
supplemented groups. Hepatic TBARS values were significantly reduced in
enzymic-treated powder and processed food from Radish leaves
supplemented groups. Hepatic carbonyl values iIn microsome were
significantly reduced in enzymic-treated powder and processed food from
Radish leaves supplemented groups among high-fat diet groups. Hepatic
carbonyl values in mitochondria were significantly no significant different in
all groups. The results indicate that enzymic—treated powder and processed
food from radish leaves may reduce oxidative damage by activating
antioxidative defense system of liver and improve lipid metabolism in rats

fed high—fat diets.
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using drying temperature and drying time for radish leaves.
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50% methanolS 7}3lo] 4Tol| A 244 3F FE3 3 ¢} & 2o 53] b
o] =

By
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B3la A5 99S ®o} whatman No. 1
evaporato(HS-2001N, Switch)& AF-&3te] 753 5 freeze dryer(Bondiro,

II-sin Engineering, Korea)2 &2 Zx3lo] Al5=2 AF&3t9vh. Ek b7t

AZIHKL, ML) A159 100C #E Eo Hx & 23] A& 50C 4%4
Z(KP, MP)3} %t}
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D~4) BAZ 28 F H2 £ 270 2 §F 202 AQSYh
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vy o9 Ry xAe] E5% guje} o w2443 ofed F 9l

£ HE AES 2AE F AT AR
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2 gy £71E Yste] 100mm filme] PDMS(polydimethylsiloxan)/Carboxen
fiber(Supelco Co., Bellefonte, PA, US.A)E F7o] F43 T A2oA 30E
b ostirringshaA F71H e FHA F FVIEELS GC/MSDE ©]83to] &
A3t Columne DB-Wax(30ml x 0.32 mm Ld., 0.25um film thickness,
J&W Scientific US.A)2 2 50CGmMIin)lA 200C7H4 1.5C/mine2 53
1087F fA18te] B438k . olw injectors= 200Col A splitless® 312
JA= Helo & 1bcm/sece] F&oz EA3AT. Alg9 o]t
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rE
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El(electron impact ionization) mode® ionization voltage®= 70 eVZ 3} 1L,
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2. FR39 nAESH dA HY G5 T2 VE 4R
D 739 vAETH G- A5 2 71+ 4A

(1) FHe] 24 7bad 8 MAdE A 3 d5F gr
e o Thed #8 mAE kS FAbsH] flstel AesE
2  Salmonella, Campylobacter, Vibrio, ShigellaS A3, JBEE
Sacchromyces cerevisiae, ™72l Escherichia coli, enterococcus faecalis,
Fs, AT 55 x4 e, el mAEY o9 X F ¢l Escherichia

2
colig ol gatel FAe WA 2 A% x7ol we} #o A% RS xAe

FAo IE MAE BHL 793 FHS APARE oA F HA
FAS 200~300 go.® AEslY] AlRRE

MAES S48 9ste] FHS oud dAYE kA ¥l 10 g= A4
+2 3143 & stomacher(Lab-Blender 400, England)S ©] &3}
stste] 1 mLE F3 ths dit A dsE dAd e 4ty A
ojgt FA o] vAE w5 WEE AYE AXA &S FH 10 g¥E AT
42 1~33], vfo] A& 9ol (LG ER-604MB) 1~3%, 2~® A 1~108°o=
At ol B AHe 139 s2E FEERE 302 AFS &9, A

Aol A Moz AT thg Wi AN FR
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GAH o w54 st

T 2 Al e wE FE A= mAa=Ee] WstE e R
W A ¥ (response surface methodology, RSM)& ©]&3Fo] ZAFSATH(ES,
39). 4134 Al d(central composite design)ol €3Fe] Table 29 #Zo] ¢ W
o AFFXDe vlelamdolB (X)), 28 AdXy)=E sk, 2+ A
g Zde= dH HAE VIeer AFSlTE 023 7b4] mlolameolE X
A 7He 0~38 28 AAZ 0~6R0 2 . Ase AE YR A

3t A|ZE Table 13+ o] A3t %3 F 10g Hdto] Mgz 34

% stomacher(Lab-Blender 400, England)S ©]&3te] 187 #d3sle] 1 mL
& AT o5 He AAdeE dAA R A s

HA

o

&
>~
2

® TAH WE AR BA
3 Ao T AEe = HUd VAR 24 AAYE A
G AR Ag Pgel uhe AR AR AR AHuAE o §ate] i

Agar(Merck Co., Germany), Campylobacter spp.«~ Campylobacter selective
agar(Merck Co., Germany), Vibrio spp.© TCBS agar(Merck Co., Germany),
Shigella spp.©= Hektoen enteric agar(Merck Co., Germany), Staphylococcus
spp.= Baird parker agar(Merck Co., Germany), Enterococcus spp.$+
Pediococcus spp.= KF-Streptococcus agar(Merck Co., Germany)& AH&3}%
thoolele HAE B wEEHEAYEE ol&ste] A FHES T ST,
g, A % BR/FFolsE FASAT. Tret At plate
count agar(PCA, Merck Co., Germany)®i*¢} MRS H{#(Merck Co.,
Germany)E ©] 83t 1, &t F(total coliforms)¥ & E/FFolE 3M T4 3
Abe] Petrifilm™& ©]-&38}e] pour plate method WH ol 98l 747+ 30T9} 25T
o A 48~T2A1ZF viFEE 5 A8t

A1
1

Mo

@ FA
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Table 2. Experimental design of the coded and composite design matrix
using storage temperature and washing times with tap—water for

radish leaves.

Independent variables

Design point

Xi(Storage Temperature, C) Xo(Washing times)
1 -1(-20) -1(1)
2 1(Room temp.) -1(1)
3 -1(-20) 1(3)
4 1(Room temp.) 1(3)
5 0(-4) 0(2)
6 0(-4) 0(2)

(3) BUALES ol 88 914 AT T FeAvIAR AP 5 PAEA

WS- 4 ¥ (response

H3lg, dne HAAY WwHes =9

composite design)ell ¢Jste] AFES Al st AH Fal vAES] S A%

g A

oy
juba)
it
ox
L
o
=
o,
g0
>
)
i
A
rr
w
>
0]
g
=
o
®
=
Q
8
o
o,
oo
ol
ol
2
Mz
o
Mz
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Table 3. Experimental design of the coded and composite design matrix
using washing times, microwave and steam treatment for radish

leaves.

Independent variables

Design point - - - - -
Xi(washing, times) X2(microwave, min) X3(steam, min)

1 -1(0) -1(0) -1(0)
2 1(2) -1(0) -1(0)
3 -1(0) 1(3) -1(0)
4 1(2) 1(3) -1(0)
5 -1(0) -1(0) 1(6)
6 1(2) -1(0) 1(6)
7 -1(0) 1(3) 1(6)
8 1(2) 1(3) 1(6)
9 0(1) 0(1.5) 0(3)
10 0(1) 0(1.5) 0(3)

2) FRE 8T AF 7IHF 249 PAETH
&4

e

#5H F32 7

HN

(1) FH9 24 vAE 4 9 AA BH G4
$7e] oq bed S VAR A 2SI Sste] 4% @
ol Salmonella, Campylobacter, Vibrio, ShigellaS A@31, JEE

=

Sacchromyces cerevisiae, W31 Escherichia coli, enterococcus faecalis, %

@, AT 5 2ASHAD, AR Y L R4 Az $H weh o

(2) 98 ¥4 HA e F4 td W9 B v #2454 e
N
A3 A3 aaser A8 FHY vAES Aosd, A W F
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34 Al 8 (central composite design)oll &Jste] A3 S AFste] <19
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il
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BN
>

D~3)S 9453 5 Ax FAGAE AH GAS s
3) A JMF AFY v AESH H #53F F2 U &4

(1) AFE L Az A e dAE F3] nd=o ¥ FAL
T o 7hed 98 A= TbeAds TAFSHY] st Aes
¢l Salmonella, Campylobacter, Vibrio, ShigellaE A&3Ri, ‘ARE
Sacchromyces cerevisiae, ™31 Escherichia coli, enterococcus faecalis,

FHE, AT S 2A e, AEE 2 Ax FAEE FH5 HEES AL

[SR=1
&kt

_50_



3. &4

D 739 A AAdA A R Fas(Fx=s}) 24 A

Lo

de B 4AY A% 1% 2 A4 A% 79

olN

(1) BEALS 2 Aol

aFEaHE APLe WA FF FEsaed ok 2z 10mE A F 67

h

L

2lo]l groupsS AATH 1% AZY2AHE 2o] Ao

i

ok

o] 457 A5t (Table 4). &= Aol 2 & (Food Efficiency Ratio, FER)

g

Atk

e A AFFES e A7 Boke] HolgAFo ol FomA AN

E

D A U FAAAYL =A: T5 T2vAH 93 Kit(Asan Co. Korea)E
AR&-3ko] 550nmell A F3EE S5
@ AN FH2UE 2A: 522 2089 93 Kit(Asan Co. Korea)

£ ALgstol 500nml A FHEE ZYsen,

@ HDL Zd2H"HE =4: 2% dextron sulfate®} 1 M MgCl, A (1 : 1)

S 7tst 2 AEdS AlER aTaayd 9% Kit(Asan co. Korea)

= h

AR-&stel 500nmoll A F3E=E FA AT

o

LDL #d# 2H&: Friedeward 2] {Total cholesterol — (HDL cholesterol
+ TG/5)} ol o]t ALttt
Atherogenic index+ {Total cholesterol - (HDL cholesterol)/HDL
cholesterol} 2] ©. & 4F&3&}i T}
B3 AW lipoprotein lipase(LPL)e] &4 =A: Parkinsol 98] 4

A ¥ Riley & Robinson®oll ¢]s] =43t}
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Table 4. Composition of diets in experiment group(unit : g/kg diet)

. Groupsl) NR HC HRL  HRM HRH
Ingredients
Corn starch 650 625 634.5 609.5 584.5 534.5
Casein 150 150 150 150 150 150
Sucrose 50 50 50 50 50 50
Corn oil 50 50 50 50 50 50
Mineral mixture2) 40 40 40 40 40 40
Vitamin mixture3) 10 10 10 10 10 10
Cellulose 50 50 50 50 50 50
Cholate - 2 2 2 2
Methionine - 2 2 2 2
Choline bitartrate - 1.5 1.5 1.5 1.5
Cholesterol - 10 10 10 10
Radish leaves powder4) - 25 B 25 50 100
Total 1000 1000 1000 1000 1000 1000

1) N: Normal diet

NR: Normal diet+25 g Radish leaves powder (2.5%).
HC: High fat diet

HRL: High fat diet+25 g Radish leaves powder (2.5%)
HRM: High fat diet+50 g Radish leaves powder (5%)
HRH: High fat diet+100 g Radish leaves powder (10%).

The diet of experiment groups were supplemented with 0.4% (4 g/kg) the
mixtures.

2) AIN-76 mineral mixture (g/kg mixture).
3) AIN-76 vitamin mixture (mg/kg mixture).

4) Radish leaves: Kwandongmoo.

(3) BA3A a8 W3
D SOD &A4: gzg Aol A pyrogallole] AEAFslo] <] WS o] &
3k Marklund®} Marklund®] ®H (45)9 whe} &4 3k o

@ GSHpx 4l: Lawerence ¥ Burk(46)e] wWel uwhe} =43} o).

(4) =3 =
@D Lipofuscin Z73: Fletcher 5(47)9] Wl oz} =733t
@ Carbonyl value &% Levin 5(48)9] Wl wiel Atstd A

=43rar,

e
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g A GEDA o 500 nmoll A A & st

0

@ z+x2] UDP-glucuronyl transferase &4 : Ax1g]ld 7} microsomeol A
Reinke 529 WHo® 43513

©® ol 24 sterol (bile acid) &% @ Ax ¥ 1 g& AEE AFH ]
w3l st ¥ Czubaykos e ®Holl o) ==

® 7 sterol FF @ W T4 ZHE, 5 cholesterol, coprostanol

coprostanone%& Czubayko 59 #wol ua} ==Fs¢dc).

@ 1x29] HMG CoA reductase =74 @ F2=A A microsomes + 2]

£ 3

o5 Hulcher 5(°] WHE +4 wetste] AHE-313l
Aoy HRIFENG dutEadEAE 242 Cell dyn

1300(Abdott Co., USA)E ©]-&3to] A a3t

(4) @9 d QA

Zy Alge dwlAGgS Lowry 59 WHG2LZE 39 2H, bovine

5L (F)vfo]2 A"~ A (Bio Genomics Inc., Seoul, Korea)

AF 10010 g W9 Sprague-Dawley & 7S Al&319 o1,

&

off A ¢

FAgol ASA7171 A8 Aol Al d dFAT dukaj AR (Purina Co,,
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Seoul, Korea)Z B[ LS vt A2 72 2w 9 8ufgly dH
(randomize complete block design)ell 9j&] iz AFHF+S tp&e] G702
AEsl st 5, A eldi 2w (N), 14% lards &3 nA|W2o] FFt
(H), A H2o] + 4 24 11 10% & v (HRP), x4l + 3 &4 1T
10% &=+ (HERP) % ix|#2lo] + FH7la2% 10% &w (HERF)S =2
vro] 357F HEE T Aol= 4T WAARA stof AR&sid o, wd o
AR Aok A FEste]l ARrAdFEA AT ARSI R e
22+1C, %% 50~60% 2 W 1247+ F712 Aex2d =HA 39S

(Table 5).

X

I

Table 5. Composition of diets in experiment group(unit : g/kg diet)

Groupsl)

Ingredient

N H HRP HERP HERF
Corn starch 650 636.5 536.5 536.5 536.5
Casein 150 150 150 150 150
Sucrose 50 50 50 50 50
Mineral mixture” 40 40 40 40 40
Vitamin mixture” 10 10 10 10 10
Corn oil 50 50 50 50 50
Cellulose 50 50 50 50 50
Cholate - 2 2 2 2
Choline bitrartrate - 15 15 15 15
lard - 140 140 140 140
RA - - 100 - -
RB - - - 100 -
MA - - - - 100
Total 1000 1000 1000 1000 1000

UN: Normal diet.

H: High fat diet (14% lard)

HRP: High fat and 10% powder of functional food material I diet.

HERP: High fat and 10% powder of functional food material II diet.

HERF: High fat and 109 processed food of processed food product using radish
material diet.

Y AIN-76 mineral mixture (g/kg mixture).

YAIN-76 vitamin mixture (mg/kg mixture).

_55_



O 89T 54
FdG=4HE  enzymatic kit AM  102K(o}AbA|¢F 3= E A}8EHo]

enzymatic methodel ¢]38] 500 nmol A ¥ A A 23} 3] o}

HxAFo AAAS 2AF 0 rxAe] A AL Folch 52 W (G0 <
3] CM mixture(chloroform: methanol = 2 : 1)2 F%3}9 Sales(51)9]

FAE WHoZ triglyceride®} cholesterol %5 550nm<%} 500nmel A

O FA4AY 574 27 a9 9 g Kit(Asan Co. Korea)E AF-&3}
o] 550nmelA FFEE S48

O Z2d=HE 24 25 a4 A9 93 Kit(Asan Co. Korea)E AF&
ato 500nmoll A F3EE S8kt

O HDL ZFd2"HZE =4 2% dextron sulfate®} 1 M MgCl, HAdH (1 :
D& 7hete] a2 AEdS Ag2 FFaisWd 93 Kit(Asan co.
Korea)S AF&3le] 500nmol A FF=E A3k

O LDL Z3# 2=HE: Friedeward 2 {Total cholesterol -~ (HDL cholesterol
+ TG/5)} ol eJ&to] AlLkatATh

(O Atherogenic index: {Total cholesterol - (HDL cholesterol)/HDL

cholesterol} 2l o2 A&39

(3) @Aakst 34 9 st Wt A

@O SOD &4: &7+ AelolA pyrogallol®] #HsAbste] <oshk whalg o] &
g Marklund®t Marklund®] %3 4Dl wetk S48k

@ GSHpx &4l: Lawerence ¥ Burke] W (46)] whel 43194

@ TBARS &4: microsome+ 8-S o] 83l Yokozawa S < Wil wef

A SAsA
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Zpol= o, AH
#lshe] Aare 3 A&
Al WA e 31,387haz AA A An
om 20039 71E AP Au) WAL BIE 449%, oA EF 7.0%, 7HF 48.1%
& AAEA A, A Aol o =2 Aw] WAHLS oF 80% die], Al A
o WAL 15~20% WelE At dtH(Table 6). = % 22, A-AZ o
&3 57 FFHZPE Zol7b A tHTable 7). 20043 % F-9o] 4bx] Fdy FF
HA(Table 8)5 AHRW AHo| we} 75 gFstE A o] th2a, Feldx
SR 2 ASAEIE DAY, 9d HiE 150%HE AR R AakEE Ao
2 FAHY T o5 & 7

Ao@ oAAXNHFig. 2). @A FHo] &EE Ao A9 FH AU L
A A7 ZEE e & @85, AU Fol "ol wE Ao uiiioln

o] o‘l‘—'— %LH—J o‘l‘g’]' 3—7'" E}Eﬂ L?s»)(EHFlg 3)

74, 24

lo

Table 6. Production status of radish by year and season. (unit; ha, Kg, &)

i=3 = (ol =}
= = b

re

k
)
a

I L S = S DY = S

1989 15191 3,012 457,520 3,022 3,272 98,866 20,983 5126 1,285,379
1991 16,161 2,901 468,782 2,744 3,324 91,220 17315 5,765 998,210
1993 17,767 2,998 532,626 2,470 3,357 82919 15709 6,272 985218
1995 17,471 3,037 530,541 3,523 2,684 100911 14,524 5535 803,844
1997 18,551 3,248 602,463 3,381 2966 100,269 13,381 5,684 760,527
2000 15,537 3,389 526,627 3,377 2913 98371 14627 6,033 882,404
2003 15,153 3974 602,162 2926 3211 93960 11,345 5,683 645,350
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Table 7.

Circulation cost of radish by season. (A7 &, unit :%)

2002 2003
%% Z A Hl & 7]]:/]— ol 8 AR REI R 7]E}% ol-L
73” "v\:l]o-‘?:ogﬂ] ]T_F‘ 7‘” ":H]o H] ]‘\'I
B 727 261 213 253 720 23.7 19.3 29.0
IWYAFE 722 204 154 364 763 43.4 16.6 163
JFeR 778 293 222 263 639 24.7 19.8 19.4
BAF 769 253 202 314 726 25.7 187 28.2
;\—ig_'& . . . . . . . .
FE0 % A g L
.y ZAFA S %
gr Ty 19EE ST AT g
i I I H 9 Za wmu) A AFAT 7]
ME 5 7b> B AL E]
. 249 751 237 514 267 170 314 =wjAg A EES
=
584 416 250 166 168 123 125 E7—gEag 20035
ey 195 805 375 430 181 161 463 =wiAG A% BES
T 426 574 338 236 356 51 167 E7t-aE4y 2003. 8
- FEuE
TR an 712
FAMD e e g ol &
BI(/7)  465(28.0%) 403(23.6%)  340(19.9%)  486(285%) 1,707<1(100%)
EE RS .
@) 248(23.7%) 451(43.4%)  172(16.6%)  169(16.3%) 1,039 (100%)
i
(oj/ ;;L) 1,738(36.1%) 1,195(24.7%) 958(19.8%)  939(19.4%) 4,338 (100%)
CQH
. 622(43.4% 811(56.6% 1,43391(100%
(2l/10Kg)* (43.4%) (56.6%) , (100%)
o g+ -
. 8.02(24.4%) 24.85(75.6%) 32.8776:(100%)
(Ot/kg)#*
F AR, FAFAY BAMRT(AEFEEAY A FARARIL, 2003), KA
EAAR(2002. 119, EA4554)
> Foa PADFTAALS], sdEAIR, 2003. 6
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Fig. 2. Cultivation area of radish on the Kwangwon-do and Chungchung-do

Fig. 3. Sale status of radish leaves in the supermarket and department store
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Table 8. Trends of production district and future prospects on the radish at the 2004
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(Table 9),

of AujE mETuF= 53.80 mg/100g

Kol
=

9/]

=Zo A#gle] 1.8~35 mg/100g edible portion®] R L, 7}l

pild
el

= 31589 mgoe & A8 7h
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Table 9. Proximate composition of radish leaves.

Proximate composition(%)

Sample
Moisture  Ash Protein  Lipid Carbohydrate Dietary fiber

| 93.00 1.38 2.3 0.2 0.85 2.27
. BEF 92.60 1.52 2.3 0.2 2.59 0.79
A ALF 92.80 1.27 24 0.2 2.45 0.88
e F 9290 1.33 24 0.2 1.31 1.86

Som vEgHE  90.67 1.70 2.3 0.3 - -

=T

Sl 89.90 1.46 2.3 0.2 461 1.53

E 8 MEY 4% AR 3l

)
-
N
)
¥o,
32
rr
fin}
S.
=
a
S,
5
&
rlo
N
)

2o AujE FEFHF II7F 0.219 mgo = 74 wo] {3t YL, vitamin Bo
oF C& mlwdiiFrt 7bd wol Frataith. ¢+ chlorophyll> F& 49
FALZA FHo] zpekE AEjo) A free radical scavenger® Z-g3to] Awhd
o] AFskstE WA B oolyg FgEAWeld B FgAde] dvkal B Hof

Ao, B A= FSHAAR 2HEste] A Fo FiraE FATIA A

o AW AsE FAAV W, AL Qe WEE FANA AA 7} @
o 97 AE wgor F3W 2RO chlorophyll FHE EASAT 1
A, hERel vnuuRe shgel AuE HERI T vske] e
F2e non BHe F4E AdG oxalic acide] 4% vlErhuTe] w3y

il

o] gt FFT9 1526~2362 mg/l100g edible portion®d] W&o ¥ 997

mg/100g edible portion®] AT}t & FAHols= = Ao]dF o H=3 HAES Z

w2 Bol dfsta dov, Zud dedste] AW 55 Adlsk= oxalic acid
=

ol7] §1% Wy 2 A 2

= =2

&
4
o
ofN
PIE
)
i
&
4
N
oX,
M
=
[N
oX,

& 5ol #Fel7F A H(Table 10).
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Table 10. Effects of radish varieties on the mineral and vitamins of radish

leaves
Mineral and Vitamins(mg/per 100g edible portion)
S 1 Chlorophyll i
ample Ca Fe VitBl VitB2 VitC DIV Oxalic
Total a b acid
o s HF1 25324 35 0104 0991 314 4266 3053 1216 173.0
= s 23131 1.8 0179 0949 319 3708 2649 106.1 152.6
E AdF 26726 34 0169 0874 332 4729 3385 1347 175.0
N g28eF 21776 21 0107 1120 302 489.8 354.1 136.0 205.7
b WlEEEE 5380 93 - 1525 1147 2360 1823 539 997
o
: HsHFII 31589 3.2 0219 1297 63.0 2694 1963 733 236.2
=3

du Az A FAe FA 54L 2Ae7] e B vpye

A FRste] o5 FE I H Adwt AES AEMFT A3 (Table 11), T

Fgo HEay 39 BERLD, FERL2), FLERLI), T2 ¢ RLLS
S 9260~93.00%% EF ho] = o]z} glglont, miEhul L (RLE) A
o] SR L 8T5I%E UEIT. o)t 59 £Bd BEIE EEI 9

E
A0l duE 109604 11€e] F3ate= 2oz Ad

i)
=
off
uy)
1=
—d
rlr
ay)

2
rlu

Aol 7k ik
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Table 11. Proximate composition of various radish leaves.

) . o
Varieties  Moisture Proximate composition(dry base, %)

* (%) Ash Protein Lipid  Dietary fiber Carbohydrate

RL1  9300£0.02" 19.730.10" 21.79+0.02 2.86+0.01° 30.22+0.26"  25.40+0.09"
RL2  9260+0.02° 20.60+0.23" 1952+0.38 2.70£0.02" 33.13+056™ 24.05+0.29™
RL3  92800.01° 17.72£0.01° 2303+0.73 281x0.01° 29.29+065°  27.09+0.35"
RL4 92904002 1873+0.08" 20.84+1.18 2.82+0.03" 34.32+052"  23.29+0.45°

RL5  8757+0.03 16.07+0.03" 20.09+0.46 162+0.02° 3550+056°  26.72+0.27°

* RL1; Kwandong, RL2;Yongdong, RL3;Chongilpung, RL4:Tamsureun, RL5:Minongdanbaek,
¢ Values with different alphabets in a column are significantly at p<0.05 by Duncan’s multiple
range test.

3 FP EF AL F AAY WY 24

=
Waks ARSI Table 122 7h&el Al #ef M= 74 7hee 27
AH w4 el whE Zaar AR WSS AR AR, dAEEA &
= Z7] @Al Zgel ol b7t 3186 mg, 23 mgolA =AH, AlH A,

microwaveZ gl elei = A7 FAF 3 F Aolrk gidvk 2y 28" AT

v g dEFo] 2352 mgE HAEHA=H, ole &' AHYA = o3 &4
AAY oxalic acide} #& vE A Agste] Za A FAHA B
Ao E AAXY. vgdmFE At o5Fek 7teFe FHS v4 A=
AA FLFE 2719 dAR BT F ARE S A3 wWE YEdE L
fk< 51.63~54.58, AM-=mAES YEhW= aghe -10.18~-11.55, 4-H 4=

i

el bt 1651~1905% Bt o BAARNA ¢ vF
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L, a, bgk 3576, -8.24, 12.063 Hluste] =2 FoZ vEuith(Table 13). Fig.
4= FAHE A7) At Uy YR 5%, 10%, 15%< @A Al % 30¥

T dF 2roA AT F FE AHE A4 Atk 10%v Rkl dE

i}

e ®4y Ead ARst $3o7 4FoR wAs BoAE dde ugw

’

15% Ad<sinto]l mA=2] Aol §la, A =7 FeHE FA s

Table 12. Effects of pre—treatments on the minerals of radish leaves.

Minerals(mg/per 100g edible portion)

Sample

Ca Fe

Control 318.6 2.3

E A2 (33]) 293.2 2.9
A2 A (38]) 326.7 2.6
Microwave(60sec) 312.8 25
Steam(180sec) 235.2 2.4

Table 13. Color value of freeze dried radish leaves

Color value

L= ax b

#sFI  54.35+0.08 -10.73+0.05 17.90+0.06
9dsF  55.19+0.01 -10.90+0.03 19.05+0.02
4% 51.63+0.00 -10.18+0.02 16.51+0.00
v &5 53.27+0.00 -10.54+0.02 17.77+0.00
IS FI 54.58+0.02 -11.55+0.02 16.96+0.02
| sl E 3576+0.02 -8.24+0.03 12.06+0.05

Sample vl 1

o
=

Fig. 5. Effects of salting treatment on the quality of radish leaves
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Table 14. Effect of drying temperature and time on the

leaves by model system

=LA

2 o

iz

o2

o

GeEgt W

F5iek.

color value of radish

Color value

Sample
L= ax b
Control(raw) 35.76+0.02 -8.24+0.03 12.06+0.05
1(60C, 2hrs) 52.40+0.02 -7.79+0.04 17.10£0.05
2(80C, 2hrs) 48.00+0.01 -4.47+0.02 17.80+0.04
3(60C, 6hrs) 46.37+0.01 -4.44+0.02 14.47+0.02
4(80C, 6hrs) 57.38+0.03 -4.80+0.01 21.29+0.01
5(70C, 4hrs) 44.07+0.03 -6.83+0.03 17.41+0.03
6(70C, 4hrs) 45.89+0.14 -6.18+0.04 17.77+0.12

Table 15. Effect of drying temperature and time on the composition and

functional components of radish leaves by model system

Composition(%) (mg/per 100g edible portion)
Design
Doiri Moisture Ash LY Fe ViC vigz O ikl
fiber acid  total a b

Control  90.67 1.46 - 53.80 93 4776 540 99.77 236.0 182.3 53.88
1 75.12 0.87 - 23262 2.0 4947 884 3762 4675 3644 1034
2 75.19 1.60 - 17829 24 4514 496 1047 200.1 1738 26.4
3 61.10 2.35 - 21506 26 4732 791 6766 3654 2948 70.8
4 11.25 1.46 - 13859 21 5224 535 5166 2647 2296 352
5 30.80 2.19 - 20199 16 6040 1023 4780 1979 1558 42.3
6 30.80 2.19 - 20199 16 6040 1023 4780 1979 1558 24.3
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Table 16. Values of regression equation calculated with drying temperature

and time for radish leaves

Independent

. Regression equation” R
variables
Moisture =61.10-21.815X; +5.155X5-13.26 X"+ 4.62X, X5 0.99
Ash =2.35+0.295X, +0.365X5-0.82X,” 0.99
Calcium =215.06-17.585X +2.265X5-27.185X,* +29.435X, X5 0.99
Fe =2.60-0.175X,-0.025X5-0.575X,*-0.225X X 0.99
Vitamin C  =4.73240.456X; +0.091 X2+ 0.454X,° 4+ 0.307X, X 0.99
Vitamin B2 =7.908 +0.448X, +0.251X5-0.562X,° + 2.189X X 0.99
Oxalic acid  =67.66-10.715X; +15.805X>-7.215X,*-17.735X, X 0.98
Chlorophyll ~ =365.4-51.25X,-83.55X,-82.85X,°+50.15X1X> 0.98
Color L =46.37+0.49X;-4.20X2+ 4.32X12—22.00X1X2 0.98
a =-4.44+0.239X; 1 0.404X5-1.451X,"-1.256 X X2 0.98
value g 14 4740.995%,-0.75X, 4 3.975X, % 1.10X,Xo 0.99
Moaisturs Ash Satupt

[ p——

Fig. 7. Response surfaces plots on independent values of radish leaves

according to drying temperature and time
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Table 17. Mineral, vitamins, chlorophyll

and color value of various radish

leaves.
Varieties
RL1 RL2 RL3 RL4 RL5
Mineral Ca  3033+1.39" 29.08+0.12° 2546+0.10" 2858149 32.13+1.3%°
(mg/g, d ; . . ; .
TUeT Fe 02150028 0242005 023:005°  022£002  028:002°
Vitami Br  002+0.001* 0.03+0.001* 0.02+0.001* 0.02+0.001* 0.02+0.001°
1tamin
(mg/g, dry By  0.14+0002° 0.13+0.002° 0.12+0.001° 0.16+0.001* 0.15+0.001°
base) C  005+0.001" 0.04+0.001" 0.06+0.001" 0.04+0.001" 0.06+0.001°
Total 60.95+3507 50.10+2.10° 6558+450F 63.99+2.11% 26.68+5.10°
Chlorophyll
(mg/g, dry a  A3624214° 3579+151° 470241507 49.87+1.03° 19.44+1.94°
base) b 17.38+1.40° 14.34+097° 1871+210° 19.16+251" 7.26+0.86°
L 5435008 5518+0.01° 51.63+0.01° 53.27+0.01® 37.76+0.01°
Col . . , .
. ~10.73£0.05" ~1090+008" ~10.18£0.02' ~10542002' ~824+0.02°
value
b 1790+0.06° 19.065+0.02° 1651+0.01° 17.77+0.01° 12.06+0.05°

¢ Values with different alphabets in a column

multiple range test.

are significantly at p<0.05 by Duncan’s
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Table 19. Effects of drying temperature and times on the values of
regression coefficients calculated of salted radish root.

Independent Regression equationl) R®
variables
Moisture 37.06-11.72X,-21.79X5+13.18X1°-6.38X1 X (D" 0.99

Chloro- Total = 21.30 - 9.30X; - 1.10X» + 13.61X,* + 449X;X>  (2)" 0.9
phyll a = 1675 -6.88X;-0.37X> + 11.83Xy” + 337X, X> (3" 0.9

b =454 - 3.03X; - 064X, + 1.80X;” + 1.12X;X> 4)" 0.99

L 1081 + 1.79X; + 053Xy + 543X,° + 347X, X, (5) 098
Color a = -651 + 074X, + 078Xy + 1.13X,* - 0.92X,X.  (6) 097
value b = 1741 + 0.78X; - 149X, - 145X, - 017X X2 (D" 0.99
AE? =977 - 029X, - 504Xy + 47.15X,* + 1511X,X>  (8)" 0.98

v Xj:drying temperature, X2:drying time,

2) _ 2 2 271/2
A E*{ (LsamplchsLandard) + (asamplcfastandard) + (bsamplcfbstandard) ]

* Dependent variables(X1, Xo, Xi°, X1X2) mean significant at p<0.05
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Fig. 8. Response surface and contour plot calculated by drying temperature
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d: pre-treatment and dried radish leaves(Minongdanbaek)
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Fig. 10. Electron donating ability of water and alcohol extracts from
Raphanus stivus leaves

a: dried radish leaves(Kwandong), b: pre-treatment and dried radish leaves(Kwandong)

c¢: dried radish leaves(Minonongdanbaek),

d: pre-treatment and dried radish leaves(Minongdanbaek)
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Nitrite scavenging ability(%)
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Fig. 12. Nitrite scavenging ability of water and alcohol extracts from

Raphanus sativus leaves
a: dried radish leaves(Kwandong), b: pre-treatment and dried radish leaves(Kwandong)
¢ dried radish leaves(Minonongdanbaek),

d: pre-treatment and dried radish leaves(Minongdanbaek)
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Table 20. Effects of pre-treatment in the component composition of radish

leaves material.

Content(%) Content(mg/100g)
Sample
Moisture Ash Protein Ca Fe
Control 92.24+0.41 0.98+0.02  1.64+0.04 | . 158.49+0.04 : 1.46+0.09
A(juice) 95.74+0.45 0.72+0.01 . 1.34+0.22 | 112.95+8.86 : 1.09+0.13
B(fiber) 77.17+0.23 1.66+0.02: 3.61+0.12 | 1 340.48+13.19: 3.68+0.23

Clenzyme treated  gg03:181 136:001 228009 229424651 210:0.03
control)

D(enzyme treated 77091059 169+0.01 379+024 338.19+12.71 3.63+0.29

fiber)
E(Ethanol extract) | 98.49+0.23 - - 71.86+5.95 | 2.51+0.06
F(Water extract) 97.57+0.25 - - 157.43+0.88 | 2.18+0.10
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Table 21. Effects of pre-treatment in the

radish leaves material.

dietary fiber and

color value of

Dietary fiber(%)

Sample
IDF SDF TDF
36.75+0.88 0.01£0.37 36.75+0.51
Control (2.85+0.07) (0.00+0.03) (2.85+0.04)
. 6.63+1.46 2.52+0.66 9.16+2.12
Aljuice) (0.28+0.06) (0.11+0.03) (0.39+0.09)
. 47.35+0.92 0.01+0.10 47.36+1.02
Bfiber) (10.77+0.31) (0.00+0.02) (10.77+0.83)
Clenzyme treated 37.97+6.12 0.39£0.15 38.36£6.26
control) (4.17+0.67 (0.0420.02) (4.21+0.69)
. 49.58+0.02 0.27+0.12 49.86+0.10
Dienzyme treated fiber) (17953001) (0.0620.03) (11.32+0.02)
9324081 0.01+0.14 9.33+0.67
E(Ethanol extract) (0.0420.01) (0.00+0.00) (0.04+0.01)
3.38+1.64 0.18+0.23 3.56+1.87
F(Water extract) (0.08+0.04) (0.000.01) (0.09+0.05)
Color value
Sample
L a b
Control 54.00+1.20 711+0.37 18.99+1.47
Aluice) 41.37+0.22 _5.08+0.14 9.62+0.32
B(fiber) 63.85+1.18 6.31+0.25 18.75+0.62
C(enzyme treated B
yme f 50.29+1.53 5.69+0.12 1753+0.62
D(enzyme treated fiber) 56.00+0.72 -3.01+0.14 16.23+0.04
E(Ethanol extract) 41.41+0.59 6.79+0.02 11.65+0.37
F(Water extract) 46.72+0.35 6.01+0.04 15.07+0.04
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Table 22. Effects of pre-treatment on the mineral contents of radish leaves

material.
Mineral content(mg/100g)
Sample
Ca P Fe Na K
Control(A) 133.9 37.8 3.0 28.7 244.9
Enzyme treated -A 133.2 385 2.7 35.2 264.6
Control(B) 197.1 34.5 1.6 24.2 246.3
Enzyme treated-B 2255 39.2 2.7 35.0 306.4
Al e, Blsd gy
30
25 |
20 |
L
£ 15 }
[}
Qa
10
5 |
0
0 5 10 15 20 25 30

b4 Al 2k (hrs)
-ZE7|(HFZ) -+ E71(52) —&— ¢

H
—

4

Fig. 15. Effects of heating time on the delta E of dried radish leaves
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Fig. 20. Preparation flowchart of radish leaves materials
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74¢ duw Azd AF &4 I} 02, PE 28 9 25vFe] 5
48 TN £FF F AN AFRRM FE4G AR SR

o A, AFLA TS £ Al Az 459 10'% 649 e AY
Folm & Wbtk glglor, A wWske] Aem 2 Zol7k YArH(Table 23,
Table 24).

Table 23. Total cell counts of radish leaves materials(LII) prepared
according to storage periods at room temperature.
The number of cell(CFU/mL)
Sample Az 45 6714 6714 6714 6714
4P PE)  ZHAIPE) ZIAD 7 T(AD
AELA T 21x10% 48x10°  2.8x10%.  24x10%.  3.0x10"
Control

1.5%10" 2.1x10° 4.8x10".  4.8x10%  4.8x10%

A I

Table 24. Color value of radish leaves materials(I,II) prepared according to

storage periods at room temperature.

Color value

Sample
L a b
) A ELA T 50.29+1.53 -5.69+0.12 17.53+0.62
Az A5
A E A 1 56.00+0.72 -3.01+0.14 16.23+0.04
671 Ay AEERA 51.00+1.20 -6.11+0.37 17.99+1.47
(PE) AFE A 57.0041.30 ~4.09+0.54 16.25+0.30
6Mg Az AFRAI 51.00+1.20 -6.11+0.37 17.99+1.47
(AD A E A 57.00+1.30 ~4.09+0.54 16.25+0.30
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3. FRE ol &% JtE AF AT

D F3< o83 71F AF A

3 % R & 549 ke st 4 el & Qe A

Sample
THE #AAAE = TR AT A
Control 63.38 7.04 28.17 - 1.41 100.0
A EaA -1 59.94 6.99 28.67 3.0 1.40 100.0
A FE2A 1-2 57.94 6.99 28.67 5.0 1.40 100.0
AEaA -3 5544 6.99 28.67 75 1.40 100.0
AEAaA 1-4 5294 6.99 28.67 10.0 1.40 100.0
AELA -1 63.38 6.99 28.67 3.0 1.40 100.0
A EAaA -2 59.94 6.98 28.67 5.0 1.40 100.0
A E4aA 1I-3 5794 6.99 28.67 75 1.40 100.0
A& -4 5544 6.98 28.67 10.0 1.40 100.0
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4 245 Hrtstd 45 Alxd 2 eeh 2447 Axe Fof o
o] BF TS HA7pekA &8 dix:Trek mlalste] 10% H7bE Al9lska o
Z79 o3 543 2 A7t gl oy, 10%3 75 oate] e HEvt
HzET woh B Brheklal, AFE Fel® 10% FH A4 ke e v
& AR Wbkt (Table 26). = Mo A9 3% H7btE dx Hrt
o w2 AR gGristela, 5% ol HUbE FA &A1 Ao 548 1

At} Focus groupel 23 Ao Aar= AA =4 ujghn| o

kol 4 &4 5~75% H7HA 7HE w2 A= Frbsksidh

Table 26. Sensory evaluation of noodle added radish material.

25 A}

Sample 9] 7} 9] ¥} REEE
=3 A—HE ?5]:1:!] <! ;*1 pi
Az A5 HxF) Aam

Control +4+4++ ++++ +++ +++ +++

A E 7 1-1 A+t o+t + +++ ++
AE 7 1-2 o+t ot o+t T+ At
A E 27 1-3 Attt o+t ottt REE Tt

AELA 1-4 ++ ++ + e+ +

A EZ A 1I-1 ++ ++ + +++ +
A E 7 11-2 F+++ s o+t A+t A+t
A 3E 7 11-3 F+++ s o+t A+t A+t

A E 7 11-4 NENTN ++ + A+ +
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(2) 78

T4 AFLANE o] 839 Table 279 o] FBE Axd F #A%
AFE AAIRE A3H(Table 28) T3 553 WA= ], dAHQ] A= &
e A2 Hrisb
Table 27. Various recipe of sweet bean paste
g
sample T e
Control 0.46 46.30 11.57 - 41.67 100
A E A I-1 0.46 46.25 11.56 0.10 41.62 100
A E A 1-2 0.46 46.20 11.55 0.20 41.58 100
A E A 1-3 0.46 46.16 11.54 0.30 41.58 100
A E4aA -1 046 46.25 11.56 0.10 41.62 100
AEaA I-2 046 46.20 11.55 0.20 41.58 100
AEaA 1I-3 046 46.16 11.54 0.30 41.54 100
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Table 28. Sensory evaluation of sweet bean paste by focus group

s A AL

Sample o3 A - X{jg;d

Control e+ NR— o 4
NE2A 1 ++ - +t -
A E LA 1-2 ++ + ++ -
A F 44 1-3 + + + +
A Z 7 11-1 ++ ++ ++ ++
A ;A -2 + + + n
A&7 11-3 + + + +

(3) F= 74
=

—n
o
1>
o
[
2
o
)
ofo
- o
2
Lo
Ak
N
N,
il
2
BN
ol
N
do
o
0
—n
oX
>,
el
[

A el fAurt He ARE s8] WolaE Axd 5 FAH LA4E HUbe
AA et A e AdHse FerHAE wEHE @

(Table 29) focus groupel & WA, Fnjel AAHQA HMAs=E ZASE U
A4 we Axstel Add 7 FrpAe ojd ARE FASHIHH(Table

30).

_98_



Table 29. Various recipe of seasoning(3$-2] 7}74]).

Sample ujj &n)
1 H AL 22.0%, AlFA 22%, 9 22%, 2T 22%, 7 12%
2 FIFE 29%, S5 30%, A 14.6%, 7 9.3%, 25 175%
3 WAl 33.0%, Ala A 33.0%, B 34.0%
4 5o} 33.0%, M5 33.0%, "1 34%
5 9 x| 355%, thAlel 355%, el 17.7%, A 13%
6 o] 26.3%, M 26.3%, F+H 265%, 25 20%
. F7HFE 30%, S 30%, 4 3.0%, ﬂ—4iﬂ1lﬂy 7 10%, A
15%
8 F7VF 375%, 39 25.0%, 3 A 25%, 7 12.5%
9 W 2] 355%, tAIvF 355%, F4 AA 17.7%, 7 11.3%
Sample ujj &kn)
1 w 15%, F 30%, <5 30%, F A 12%, 7 3%, 71 10%
5 o 14%, F 28%, 55 28%, FH A 11%, A 3%, 7 9%, 7}
g 11%
5 H 24%, FA A 16%, 34 8.0%, A=A 8.0%, Wt 24%,
8.0%, 71 8.0%, "<l 8.0%
A 2F 11%, FH2A 11%, 2 6.05 74 6%, v 6.0%, thAvt

6.0%, ol 6.0%, A% 22.0%, H 2 33.0%

T F 4TFE AEete] W @A oled AEE AT A
A 2AF 12967F S AL @k st s A s b S B7hst
ez}
AR
Table 30. Sensory evaluation of seasoning(F2]7}7) and pictures
s A
Sample T g Fre g AAA9 dEw

1 +++ +++ +++ +++

2 ++ ++ ++ ++

3 ++ ++ ++ ++

4 + + + +
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B9 ¥ F4e P

A2 FR9 FA 4L 2AS] Askel Aawel gd APuE T
R ARAAANE AZD F BEAANE AN olu Ax T 100 g2 @
A 432 g REAT 071 g WANE 07 g, vhE 836 g& Hohste] Fulw

1,000 mLE #7835 A7k k48 Fol 20, 25%, 30%S #o] AxE o

Table 31. Sensory evaluation of noodles added radish leaves material.

_Tq— LAl 7
Sample ¢ # e VNEE

Control 4.71+1.60 557+£2.50 4.57+1.81 3.85+1.95 5.57+2.22 4.42+2.07 5.00£1.15
1 4.85t1.34 5.5712.50 4.71£2.28 4.28+1.60 4.42+2.22 3.71£2.36 4.85+1.57
2 457+1.13 4.71+£2.05 5.00+1.15 4.00+2.00 4.71+2.36 5.42+1.71 4.85+1.57

3 3.85+1.21 3.85+1.77 4.71+£1.79 4.00+1.15 5.14+2.11 3.00£1.52 5.85+1.46
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Fig. 21. Flow chart of noodles added radish leaves material.
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Fig. 22=%%

Sample Hl) &)

T2 7HA 2w 1351%, & 27.03%, S5 27.03%, 7 10.81%, #
(¥ %uh) 2.70%, 7 8.11%, 7}# 10.81%
2w 1111%, 3 22.22%, S5 22.22%, 7 889%, 7

Ty

S 7HA . N ¥
. 2.22%, 7 6.67%, 7Fdl 8895, &l 2.22%, A% 11.11%, E A
NGIE=)
4.44%
A A 2647%, BT 2647%, 2T 8.82%, vBlA 8.825,
] 8.82%, M- 8.82%, whs 11.76%

.
4 2vR

Fig. 22. Flow chart of seasoning(Hurigake) added radish leaves material.
3) 3 A7l

T3 Ald7le] Al AE AlZE Fig. 179 34 3RS AMA AxE ¢

T x4 200 g G2 A (Fig. 23).
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AAFeR Azxd =5, 7 9 Ald7lE 42 PE film3} €77

o
=]
o
bl

wol T2 filmel LAY THs o] 2, W Adsdas v

5) HF AFY @7t 24 2 FAHE £4
A Al Al Eo R ARG AE A R TR AlEe] A Al

e SR Ax FASA, FAGAVE Basta o= 71A 2 A, <)

A 1kgd HF 7FZ40] of 300092 Aot A8 A HTE A
ZAr] Sl 9st 7 Aoz B35t e Add|e Q=S o] &3t F A
ZHA 0] A7tE kg & 109 mwtolmn g 98 wrte 2R 243 & gt
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Table 33. Economical analysis of radish leaves material

3} & Z 47}

27 A 2] % % 5,000,000
ix 500,000

A 5,500,000

< 3 (film) 2,500,000

A A 5] o)k 500,000
2 3R 3,000,000

A 6,000,000

T 31,070,838

=] A2 15,534,971
b= 23,302,905

A 69,908,714

&2 S| 9,679,638

&) 8,846,009

FEFH| 3,885,015

Al 23 2,871,533

A F AR 7,854,487

Az AN B3 1,126,245
SRaL] 5,996,436

9 =71 6,165,350

ksl 13t 12,499,614

A7) k] 563,123

7] €} 1] 30,235,553

A 89,723034

A=, Fo, Ao AFD 35,350,622

2= 2,987,253

52 A 1,613,273

SR ] 647,637

Al 2E 2 1,376,228

A FAA= 2,914,365

ol ke 1] 747 4,289,853
Aoibl & 71 701,606

F A A 13,114,641

7324 7 7)) k) 179,924

H¥s 1,019,567

S B3 3k 4911,244

o =27t 107,939

7] e} 22,073,614

7 91,787,771

ol & (A= Ak n] 10%) 1,470,741,768
37t 1,733,661,286

77 A A (A& 3 7Fe] 10%) 173,886,129
=37}k 1,907,027,415
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Table 34. Unit cost of radish leaves material by economical analysis

- i%7 £%7

T G e 100m)
27 A 2] %xé 6.43 0.77
A 0.64 0.08
Al 7.07 0.85
2 3 % (film) 3.22 0.39
DAAEH ol E 0.64 0.08
273 AR 3.86 0.46
7 7.72 0.93
R s 39.96 4.80
=] AR 19.98 2.40
7] % 2] 29.97 3.60
Al 89.92 10.79
L2 S A 12.45 1.49
7 = v 11.38 1.37
g 5.00 0.60
Al o 2}3- 1} 3.69 0.44
AFAAE 10.10 1.21
A% 7n neg 1.45 0.17
SRl 7.71 0.93
9] F7FE 0 7.93 0.95
Rl s 16.08 1.93
A7) 0.72 0.09
71 E} 7 H| 38.89 467
Al 115.40 13.85
A=, 7o, Ao AF3 46.11 553
A 3.84 0.46
L2 T A 2.07 0.25
g 0.83 0.10
Al 13- 1} 1.77 0.21
AFAAE 3.75 0.45
ol A 71472 552 0.66
H e Hoju) 2 7)) 0.90 0.11
331 2 ) 16.87 2.02
73 A Tl ) 0.23 0.03
neg 1.31 0.16
ok w3 s 6.32 0.76
<=2 0.14 0.02
71} 28.39 341
%l 118.06 14.17
ol & (A=Y, Lurdeln] 10%) 1,391 227
A A ZE 37} 2,229 267
BAA A (A A ZE 32719 10%) 222 26
A 5% 1.7} 2,452 294
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2. R MAETH AW d5H FA V€ AR

D F3 mAAESH dd »Y 453 F2 71F 44

=
7k 918l M E The s EAFSH7] flske] 4
, TUT 55 AN A3 FHE FHA & mAdE
Ql Salmonella, Campylobacter, Vibrio, Shigella, Staphylococcus,
Enterococcus, Pediococcus 73 HEHA &g, ZAibd, a5 a2
AEol Hof, FHo 2 7ted fdl vz WAdS AEste] o5 o&

gto] the 9ol AdS skt (Table 35).

Table 35. Survey of hazardous microbes on the radish leaves by seasonal

and varieties.

BERE ] GEF  AAF G2 vlEudy BERl

Salmonella N.D. N.D. N.D. N.D. N.D. N.D.
Camphylobacter ~ N.D. N.D. N.D. N.D. N.D. N.D.
Vibrio N.D. N.D. N.D. N.D. N.D. N.D.
Shigella N.D. N.D. N.D. N.D. N.D. N.D.
Staphylococcus N.D. N.D. N.D. N.D. N.D. N.D.
Enterococcus N.D. N.D. N.D. N.D. N.D. N.D.
Pediococcus N.D. N.D. N.D. N.D. N.D. N.D.
Z:;al viable 1 sgx10° 120x107 515%10°  765x10° 39107 131x10°
ijgf;i;ad 470<10° 335%10° - 205<10"  13x10° -

E. Coli 595x10" 1.75x10" 2.00x10° 1.77x10"  750x10"  1.11x10°

Yeast and mold 515x10" 6.40x10* 5.20x10*  3.55%10° 3.3x10"  2.40x10°

- 109 -



BEY AR ARE 24

o

Table 36. Effects of various pre-treatment on the microbes of radish

leaves
The number of celllCFU/ml)
Sample Total viable Lactic acid B coli Yeast and
cell bacteria cot mold
Control 1.61x10" 7.90%10° 3.20x10° 1.05x10°
13 4.30x10° 1.0x10° N.D. 8.70x10°
Water 23] 6.50x10" 6.0x10 N.D. 5.60x10°
33 2.80%10° N.D. N.D. 5.00x10
13 2.70x10° 1.30x10” N.D. 8.30x10°
A2 A 23] 9.50x10" 5.0x10 N.D. 7.00x10°
33 6.80x10° N.D. N.D. 2.2x10°
1min 1.65%10" 3.0x10 N.D. N.D.
Microwave 2min 1.00x10" N.D. N.D. N.D.
3min 5.70x10° N.D. N.D. N.D.
1min 7.90x10° N.D. N.D. N.D.
Steam 2min 7.20x10° N.D. N.D. N.D.
3min 3.50%10° N.D. N.D. N.D.

SR A ARAEY B @RS AHPR 2 Aol7} glo] 7
Soh grasth & AR FAe F#5 161x10004 AR 49 18 A%

2 430x10°, 23] AlH 650x10%, 33 AHE 280x10°0 % FHAH L, Al H A <]
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= B AH7 FAEIG M, microwavest steam AHzlol|l osiM = 57}
AaEge. E gk awel $golel 49 B AXM AHA Aeze 33
7 Zo|m o] EAF Ao}, dxale 28 oA gk ApEE L E
3 AAw W wel i adU P 2 He
s} steam 2] & LESIHTable 36).
g oy A AlH A Fo mAdE AbE Ak

o7 AE Az A Ao T AF L= I Axa Aol A3

2

% 2] ¥ 2l microwave

li|
PN
N
i
o
ol
o,
39

of wdl AlxElS AAR F vAde AMEAES AR A= Table 379 #
ek AlH A b A FAA TS AS FEFIE 7.00<10%04 Al H 3140} A

& AGA Mol WAHD Edo] AsEol Hguits & LA 2ASHY

O:

o

25l Fgol7t AEH MAw Q@A AlAH ol9e] HA Tt

Table 37. Effects of storage temperature and washing times with tap-water

on the number of microbes in the radish leaf.

The number of cell(CFU/mL)

Sample p :
Total viable cell L%Catégefizld Yeast and mold E. Coli
Control 7.00x10° N.D. 1.71x10° 7.00x10
1 1.03x10° N.D. 2.30x10% N.D.
A% 2 8.60x10° N.D. 1.13x10" N.D.
loj’ 3 9.30x10’ N.D. 2.28x10° N.D.
= 4 7.50x10° N.D. 1.86x10° N.D.
5 1.30x10° N.D. 2.40x10" N.D.
6 1.17x10° N.D. 2.45%10" N.D.
1 9.80x10° N.D. 8.30x10" N.D.
2 450x10° N.D. 3.80x10" N.D.
A 2F 3 1.25%10° N.D. 7.00x10° N.D.
10Y 4 3.80x10° N.D. 6.60x10° N.D.
5 2.00x107 N.D. 2.14x10° N.D.
6 1.82x107 N.D. 2.24x10° N.D.
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Fig. 24. Effects of storage temperature and washing times with tap-water

on the number of microbes in the radish leaf
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Table 38. Response surface figure and values of regression equation

calculated with washing times and storage temperature for

microbes of radish leaves

Totad miciobes CFU nily

LOsy, i/

Vbt ditygy,

A A LT e,

L L L LT T A L T TS T
LT

R Y
:u.,',',l';",',"z',l.

Lactie acid bacteria(CFUmi)

52(2;?56 Inj;ﬁgﬁiesm Regression equationl) R®
Total =1.24x10°+2.47x10"X,-2.14x10"X5+2.44x10"X,*~ 0.99
) microbes i 2;113x107}<1x24 - ’
Lactic acid |=2.43x10"+9.49x10"X,-1.34x10"X»+8.78x10"X,*~
bacteria 7.58%10°X1 X5 099
Total =1.91x10"+4.04x10°X,-2.19%10°X»+3.92x10°X ,*~ 0.99
10 microbes i 2:516X108X1X24 . ‘
Lactic acid |=2.19x10°+3.09x10°X;-2.13x10"X+1.51 x10"X "+
bacteria 1.25x10°X,Xo 099

1 . .
)Xl;Storage temperature, X»;washing times

QAT AEHFo] HE E coli® 10)CFU/mIZ Q9 Hoz HEe &
AN mad W g s ke vEer AgHor HEE

HES kA @2 dxzT9e vAdE Ad ARE ARSI HH(Table

. 25). F Ecoli A A5 275 4 Sedz A4 & o
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FE 243 A3 2T Ecoliz A2 RAARNE 220x10° AEHIYL,
WA WE By ARE AEHA go dhd A9don HE ARE 1009 =
< TFE HEdAS = A 104 F dx2Te 279 ¥sd d7E YE
WAL, E coli A& AR AF 27 AFd5E 12 FA9en 53
ARy Alge A9 #F7F 310x1071 4 380x10° 0.2 F71E ATt & 27
of 3l AL HAHJE B¢ FH BT AL 57 SAHEE Bl

Table 39. Effects of inoculated E.coli on the microbes of radish leaves

according to storage days and conditions.

The number of cell(CFU/ml)

Sample Total viable Lactic acid Yeast and E coli
cell bacteria mold

C-9% 6.70x10° N.D. 7.20x10" N.D.

C-9% 3.40x10° N.D. 1.77x10" N.D.
qg  CAE 7.10x10° N.D. 5.20x10" 2.20x10”
19 pusx 9.40x107 N.D. 2.07x10" 3.90x10"
E-4% 7.80x10" N.D. 1.35x10° 3.10x10"
E-42 2.08x10" N.D. 5.10x10" 5.30x10"

C-3% 1.16x10° N.D. 3.90x10° N.D.

C-9% 5.50x10° N.D. 8.40x10" N.D.
qg  CAE 8.80x10" N.D. 3.40x10° 2.60x10°
108 pygs 3.20x107 N.D. 3.10x10" 1.63x107
E-4¥% 4.40x10" N.D. 1.38x10° 1.35%10°
E-42 9.60x10" N.D. 1.04x10" 3.80x10°
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Fig. 25.

CF1 CF2 CCl1 CC10 CR1  CR10 EF1 EF10 EC1 EC10 ER1 ER10

&S

CF1 CF2 CC1 CC10 CR1 CR10 EF1 EF10 EC1 EC10 ER1 ER10
Changes of inoculated E. coli on the microbes of radish leaves

according to storage days and conditions.
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A wAE bd APES syl 9% FH AAE o AlFSIE
microwave & 2 2® g AJte] wpE o] WIS 2ANE A3 27
T 175107 A F 3] whekd s 103 M HE FSolw A wFErh 7
2dbA] %o}, microwave HE A 3% HE Al 3.1x10% 2" AHE 1083
o = &d AFHo] HAY} o] Jx=E o] A FAA E(central composite
design) W o= 37bA4 A wWel we mAdEe] A ARE A 23

Table 403} ZATh.

o

Table 40. Effects of pre-treatment on the microbes of radish leaves.

Washing times(min)

Control 1 5 5 10
5.2x10° 3.2x10° 2.1x10° 1.4x10°
Microwave(min)
1 2 3 -
1.75%10" 9.2x10 4.3x10° 3.1x10 -
Steam(min)
Imin 3min S5min 10min
9.6x10 1.5%10° 3.0x10 N.D.

AE 24 ghe 89 25 modeld & FEalE, BUws AHAS, Aw

of A ol el vAEel A Aol w3 AEFES wAste] b W4

gt
E S 2 Ao AL EE FAFA A 93 3719 51 W
(X1, Xo, X3)8 5G9 F LAt S, axe 3ol # g F¢

=39 BAS g tH(Table 41). & A3 A A F1ko] Ve &gk
E. coli &5 A3t R*%ro] 0.85014 0] 1th Fig. 262 F3 <] nAYE 74
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Table 41. Values of regression equation calculated with washing times and

storage temperature for micorbes of radish leaves

The number of microbes(CFU/mL)

Design - - -
point T?rfflclrgéaezle Lab(;tégefgd Yeast and mold E. coli
1 6.50x10" 2.60x10° 7.3x10" N.D.
2 2.06x10° 5.00x10 6.8x103 N.D.
3 2.11x10° N.D. N.D. N.D.
4 1.80x10° N.D. N.D. N.D.
5 4.00x10 N.D. N.D. N.D.
6 N.D. N.D. N.D. N.D.
7 N.D. N.D. N.D. N.D.
8 N.D. N.D. N.D. N.D.
9 N.D. N.D. N.D. N.D.
10 N.D. N.D. N.D. N.D.
In\slaegzgiieesnt Regression equation“ R

Total ~ =856x10°-5.55%10°X;-1.07x10"X>-1.07x10'X3+5.55%10°X  X2+5.5

microbes  5x10°X,Xx+1.07%10 XoX3 0.89
L‘l‘)gfefgd =31-26.25X,-38.75X-38 75X+ 26 25X X0+ 26 25X X4+ 38.75X:Xs  0.87

Yeast and 79

mold 8x10°-8.28x10 X1 9.98x10"X>-9.98x10"X3+8.28x10°XX+8.28 0.85

x10°XX5+9.98x10°X>X5

X1; washing times, X2 microwave treatment, Xz steam treatment

m
steam A ¥ &7} #=%3, microwave A8 &I BoE steamA 7 &34
, w3l AfE T AME ZHe Al YERS

o = e 59 MEX, Xo, Xp)ok FEHEUF 453 A4S 3 A A
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Fig. 26. Response surfaces and contour plots on the microbes of radish

leaves according to washing times and pre-treatments.
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AR A EE FEE FA #EIE WAE FFE 2AS A3

HAA v AEQ Salmomella spp, Camphylobacter spp.
Vibrio spp. Shigella spp. Staphyloccus &< A3 AEHA &gt 28y =
wFel Age FEel weh oz Aol Y, 390x10°~1.20x1079) ¥ S
E RYx, T T 111x10°~2.00x10° CFU/g, &%/#FolE 240x10°~

L

ol
ol
0
e
o
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_>|:4
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ofo
ol
ol
rr
e
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B
1>
ol
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ro
=Y
10,
o|\
1>
12
2
SE,
2
A

H AE 1~-3802 717 A & S, A S, 3T 2 SR/5E
o] ¥E AT 1 A FFe AS =AM FFF FH
1.61x10" CFU/gel Al 13] & A3 0 2430x10° CFU/g, 23 A& 650x10
CFU/g, 33] A& 2.80x10° CFU/g® 743d9dl, nlo]azgloln Halo] A=
1% A A 1.65x10"° CFU/g, 2% 1.00x10* CFU/g, 3% A& A] 570x10° CFU/g
olat, 1 o] Al Aol #HEd A &) A7 B Agel Erbs
&t

whE 100C 2® A Al 16| 7.90x10° CFU/g, 2% A& 7.20x10
CFU/g, 3% A2 350x10° CFU/gol%la 5% o4 oM HEHA &%
ok ZAEe 9w R ol A 790x10° CFU/gellAl 13 EA1HS 1.0x10°
- AEo] HA G, vpolARgolH Al 17
glateol e Hakyte] AEFHA Gtk T FT o

°f A9 du FHAY AZFHAS ¥ BE ATl HEHA Fa, 2/
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FFole 9= ¥ 1.05¢10° CFU/gol Al EA12 33 o] A stolof A&
A ekskar, mpojAa ol B Bl A9 A 1w stole HEHA U
Table 422 73] 7z ] =30 wbe IE8 sl gL WsE
A1) Al E (central composite design)oll 23k A3 A ol 2oJ3le] A H A&
o] ot 59 Wgete] v AEAS ¢ Aol 5 dm FAHY A
&= ¥ 42 (independent variables)® 38}l F35, TS 9 §% /33
ol & ZFZ£ WS (dependent variables)Z 3dFo] 3|7 A3 A
UERHE R gtol 2H7h 0.89, 0.87, 0.852 ¥l =grh ol SyWEed A

43%, vholazdolnAe A R 29 Ag A7

_>&
ich
ok
g
r o
=
)
N
o
o\
Apx
rE
o

o E AR T PP Fi AL ot

Table 42. The number of microbes and values of regression equation
calculated with independent and dependent variables in surface

microbes of the radish leaves
The number of microbes (CFU/mL)
Design point Total viable Lactic acid Yeast and

microbes bacteria mold E. coli
1 7.50%10" 3.60x10” 6.30x10" ND
2 3.06x10" 4.00%10 5.80x10° ND
3 3.11x10° ND ND ND
4 2.80x10° ND ND ND
5 3.00%10 ND ND ND
6 ND ND ND ND
7 ND ND ND ND
8 ND ND ND ND
9 ND ND ND ND
10 ND ND ND ND

In\(}aerli)zgfeesm Regression equationl) R®

Total microbes =-856x10°-5.55x10°X;-1.07x10"X>-1.07x10'X5+5.5

5x10°X X5+ 5.55%10°X X3+ 1.07x10"XX3 089

Lactic acid ~ =-26.25X,-38.75X5-38.75X3+26.25X, X2 +26.25X, X3
) 0.87
bacteria +38.75X2X3 0.85

Yeast and mold =-7.98x10"-8.28x10°X;-9.98x10°X,-9.98x10°X5+8.2
8x10”X; X5 +8.28x10°X X3 +9.98x10°XXs

Xi: washing times, Xo' microwave treatment, Xs. steam treatment.
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Fig. 27. Response surface plot and contour plot of independent and

dependent variables for reduction in the surface microbes of radish leaves
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Table 43. Effects of various pre-treatment on the microbes of radish leaves

materials.
The number of cell(CFU/ml)
Sample Total viable Lactic acid Yeast and E coli
cell bacteria mold ’
Control 4.6x10" 3.5x10" 3.3x10" N.D,
Blanching N.D. N.D. N.D. N.D.
Washing 6.4x10" 5.1x10" 2.0x10" N.D.
Drying(60C)
1hr 1.4x10° 2.1x10° 1.83x10° N.D,
RL-A , , ,
ohrs 5.5%10 1.5x10 1.26x10 N.D.
3hrs 3.0x10° 1.5%10° 1.10x10° N.D,
4hrs 3.4x10° 1.0x10° 9.0x10” N.D.
5hrs 1.4x10° N.D. N.D. N.D.
AzD N.D. N.D N.D N.D
Control 7.3x10" 1.29x10" 1.04x10" N.D,
Blanching N.D. N.D. N.D. N.D.
RL-B ) ) )
Washing 3.3x10 8.4x10 1.12x10 N.D.
AzD N.D. N.D. N.D. N.D.
2 E AT 2.1x10", 1.73x10" 3.7x10° N.D.
2 Z 5 AT 1.5%10 1.79x10" 4.3x10° N.D.
RLM ] ,
FEE] 3.4x10 N.D. N.D. N.D.
FEE1 3.6x10° N.D. N.D. N.D.
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Table 44. The number of pathogene microbes of radish leaves materials.

The number of cell(CFU/ml)

Sample ; N
Control ~ A&FAAL AFAAN FFHEL SFHEI
Total vialble cell ~ N.D. 21x10"  15x10"  34x10°  3.6x10°
Lactic acid ND.  17x10°  179x10'  ND. N.D.
bacteria
Yeast and mold ~ N.D. 37x<10°  4.3x10° N.D. N.D.
E. coli N.D. N.D. N.D. N.D. N.D.
Salmonella N.D. N.D. N.D. N.D. N.D.
Camplylobacter N.D. N.D. N.D. N.D. N.D.
Vibrio N.D. N.D. N.D. N.D. N.D.
Shigella N.D. N.D. N.D. N.D. N.D.
Stapylococcus N.D. N.D. N.D. N.D. N.D.
Enterococcus N.D. N.D. N.D. N.D. N.D.
Pediococcus N.D. N.D. N.D. N.D. N.D.

O AR F4 2 AF KA S8 FF ARE 497 F 59 B
A AAR ¥ s2t 22 A0 2838 A% AA@h 33 o4

| % 10'CFU/mle] 10°CFU/mlZ 7FAsh 1 o]

)

A,
tlo
_0|L
£
H
PN
N

@ ®A7] @ AFHE TS pH 7 o] EeA Alm <ol wet zolE 9l
AW 100C %o ¢ 108 olst= "Xt tx T Algs nAE9
AEH A koot

@ A =E v Chopperz A3 712 A&As AL vy s, o] 34
ol A FtAdela AgstA ekolx FiFErE oF 10'CFU/ml A% 5 Sl

@ A AR T 0.05~1.0% ®ee] Aoldf Ed aAas HAY F
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Table 45. The number of pathogene microbes of radish leaves materials.

The number of cell(CFU/ml)

Sample

=5 FEAA T FYMA T 2uE A A7)

Total vialble cell 21x10°  2.1x10° 4.4x10* 4.8x10" 3.7x10"

Lactic acid bacteria N.D. N.D. N.D. N.D.
Yeast and mold N.D. N.D. N.D. N.D.
E. coli N.D. N.D. N.D. N.D.
Salmonella N.D. N.D. N.D. N.D.
Camplylobacter N.D. N.D. N.D. N.D.
Vibrio N.D. N.D. N.D. N.D.
Shigella N.D. N.D. N.D. N.D.
Stapylococcus N.D. N.D. N.D. N.D.
Enterococcus N.D. N.D. N.D. N.D.
Pediococcus N.D. N.D. N.D. N.D.

N.D.

N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.

2) AFE B2 Az 4 dAE fl vAEREEe] bl W o5 % @

O =

Aol dubA el FAdEE A dady, Axd, Asad,
dele vem 5 e, 98 dee WR AR AvMEY dx, FEEE, 9
o AE s fFE 2Abea, Alzdeelds AR wid, A H K
A, AE AXAHE AT Az AF #Ee] Ag Wl o S
AREHE Flsta, AF AAHETHDE & 5 FE AT dE, FETIt
A = sHA Eh

3 AELAE bkl Ax3 4EIH)e] Ax 4 dHA=

SEFoNEIG S0 SHOUAoEY R AEoEFY B

AR AFe] FE el 10% olstz mAd=el 44 F gle £3dolx
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19938 79 Codex  =AIAFTA L3 (Codex  Alimentarius
Commission, CAC) #1202} 3]oloA 2% 9 A9 U3 (Codex Committee on
Food Hygiene)9] 2Fdee HACCP A g9 #3 A H [Guidelines for the
Application of the Hazard Analysis Critical Control Point(HACCP)
System(CAC/GL 18-1993)] & #Adste] ol& AMEES Zh=o] AE A %o
2 A FZAGA <l ISO(International Organization of Standard)ol A= 2] & o
AelA ISO FA 7% & HACCPHA S =gata o
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259 A - A5 9 2 AFY HAGAIAE dig AA# < HACCP 1485
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TR FEE AFFHY, AolHAY, AFHAT L Holnse W

Table 46. Effects of radish leaves on body weight gain, food intake, drink

intake and food efficiency ratio (FER) in rat fed high cholesterol

diets.

Group Body Weégglt gains Fo(ogd/ CE{l}t/a)lke Dri(réljdi;;?ke FER

N 99.80 + 9.33" 19.47+0.60°  31.90+563"  0.19£0.02"
NR 9817 + 10.47° 19.74£1.36 26.07+2.25 0.180.01"
HC 121.00 + 652 20.59+2.35 31.64+8.79 0.23+0.02°
HCL 11838 + 1766  20.35+4.80 24.53+4.40 0.21+0.05®
HCM 113.88 + 952 20.01+0.90 25.71+2.44 0.21£0.02"
HCH 108.25 + 598" 21.31+0.66 26.96+3.89 0.19+0.03*

All values are meantSE (n=10). Those with different superscripts in the same

column are significantly different at p<0.05 by Tukey's test.
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@ Azx4 77
AZY2HE Hold FHE skl wE 453 FFFF AWFAES
43 A3 (Table 47) F3A w2 HCwMoll vl&l F3 35 EFAA A
st o FolAel Aoli= f1%1al abdominal fat> HCtoll W& 3 FH*
RFoA oA ow Fastdon 53 10%e FHE Twd dolAes A
T FToE fHAsith

Table 47. Effects of radish leaves on epididymal fat and abdominal fat in rat

fed high cholesterol diets.

Epididymal fat

Abdominal fat

Group (g) (g)
N 0.30 + 0.05" 111 £ 0.19°
NR 0.31 + 0.02" 1.00 £ 0.16°
HC 0.46 + 0.06" 2.33 + 0.19°

HCL 0.42 = 0.09° 171 £ 0.14°

HCM 0.38 + 0.07% 158 + 016

HCH 0.32 + 0.06™ 131 + 0.16™

All values are meantSE (n=10).

column are significantly different at

Those with different superscripts in the same

p<0.05 by Tukey’s test.

® A=A =A: triglyceride, =Z#d2~H =, HDL-, LDL-Z#2~HZ9
T3 %974 3} A 4= (atherogenic index)

g5o FAAY, FFU2HE, HDL-Ze82H %, LDL-Zd 2859

Frt FNAATE HFHS AR Table 483 Zvh T T4AT ¥

T ARl vl HCelA #old o= S7HH A e & & (HCH)ol

H3) ks e BFolA folHow FAAHAY. 2y FH AU E

Twe w7k oAl Aol g I dH T FEUEHE vE Y
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LDL-2el 208 $5% $47e] Ansh f48 2ol glch HDL-2e 2w
S gl ws HCTAA o890z gasglon HCT v 35
o FHTAAE 9402 AT BRGAAFADE FFi] v

DEZHAAEE AL FdHow FrlEA oy HCTol W] 4399

Table 48. Effects of radish leaves on serum triglyceride, total cholesterol,
HDL cholesterol, LDL cholesterol and A.I in rat fed high

cholesterol diets.

TG Total-C HDL-C LDL-C Al

Groups
mg/dl mg/dl mg/dl mg/dl

N 39.61+7.00° 127.63+40.31° 60.96+1.75" 4827+6.36°  1.25+0.57°

NR 30.98+5.41° 129.22+27.80° 66.85+3.75° 48.68+5.60°  1.25+0.72°
HC 70.42+3.11*  396.45:26.84° 16.85+0.84° 324.1617.38" 22.45+2.55"
HCL  54.10+326" 259.78+32.82" 21.40+2.43" 257.15x11.80" 13.61+2.53"
HCM 5575344 265.74+53.10" 24.44£2.23" 237.60£13.41" 11.14+2.13"

294.50+27.91
HCH 5330293 . 24.44+158° 264.84+19.51° 14.78+2.26"

All values are meantSE (n=10). Those with different superscripts in the same

column are significantly different at p<0.05 by Tukey's test.
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Table 49. Effects of radish leaves lipoprotein lipase activities of epididymal

adipose tissue in rats fed high cholesterol diets.

Lipoprotein lipase

Groups (umol FFA/g tissue/hr)

N 33.48 + 3.76"

NR 29.63 + 551"

HC 4464 + 3.04°
HRL 4159 + 4507
HRM 34.01 + 3.07°
HRH 34.47 + 3.32°

Values are the means*SE(n=10). Those with different superscript letters are

significantly different at p<0.05 by Tukey's test.

D txAF9] Azl 4074 3z SOD ¥ GPx &4
AAY ksl F aixF WolAle F YU EA  superoxide
radical HQOQE

& zAolA BRY ATH(Table 500 AAEL) Fo4e Aol Ao}

AN I B2 A Ak HorRE AAES HE e SOD &4

vkl HCaoll s ta S7FeE F el Seleniums &3k
At a4 vlEw B¢k 3 HitstE S AATd R Axvre] E4S W

o3k GSHpxel &A4& #Ad Axp Aol nls) Fel~vE &dw 25l
A #ArEdou FATRSUE 5% 10%% FFe welAE HC o wsl #
oA o S
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Table 50. Effects of radish leaves hepatic superoxide dismutase (SOD) and
glutathione peroxidase (GSH-px) activities in rats fed high

cholesterol diets

SOD GSH-px

Groups (unit/ mg protein/ min) (nmolmlg\hglr?)ligé)min

N 3.06 + 0.22° 234.03 + 13.31°
NR 3.11 + 0.26 24574 + 11.54°
HC 2.88 + 0.12 12895 + 18.92°
HRL 2.84 + 021 172.88 + 17.98"
HRM 3.03 = 0.19 201.49 + 11.39"
HRH 3.01 = 0.18 192.04 + 10.08°

All values are meantSE (n=10). Those with different superscripts in the same

column are significantly different at p<0.05 by Tukey's test.

@ +xA4F¢] 34454 4 (TBARS) ¥
BarsiA el e Rl A B2 A(Fig. 28) nEesH BT
of vl FAS 5%t 10%= Fue FaoA FolAom AN OH 10%E

1
THRE TAME YT FEOR P

@ =239 Lipofuscin &%
AA=ste] FQ3 ARE AFEH I A= FEFAO A A=
a9E AFI AR(Fig. 29) LZFH2HEL vd FHIALFHE FF3 ol

A gxEgont fo49 Aol gtk
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Fig 28. Effects of radish leaves hepatic thiobarbituric acid reactive
substances(TBARS) values in rats fed high cholesterol diets.
Values are the means*SE(n=10). Those with different superscript letters are

significantly different at p<0.05 by Tukey’s test.
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Fig 29. Effects of radish leaves hepatic lipofuscin contents in rats fed high
cholesterol diets.

Values are the meanstSE(n=10). Those with different superscript letters are

significantly different at p<0.05 by Tukey's test.
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Fig 30. Effects of radish leaves on hepatic carbonyl value in rats fed high
cholesterol diets.
Values are the meanstSE(n=10). Those with different superscript letters are

significantly different at p<0.05 by Tukey's test.
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Table 51. Effects of radish leaves on hepatic superoxide radical contents in

rats fed high cholesterol diets.

Group Microsome . Mitochondria
(nmole/mg protein/min)

N 6.13 £ 0.26° 2754 + 475>
NR 504 + 0.78° 26.94 + 5.46™
HC 1655 + 1.69° 52.16 + 5.84°
HRL 9.86 + 0.40° 30.99 + 4.32%
HRM 891 + 0.32° 3698 + 4.82
HRH 6.39 + 0.60° 29.45 + 150

Values are the meanstSE(n=10). Those with different superscript letters are

significantly different at p<0.05 by Tukey's test.

Table 52. Effects of radish leaves on hepatic hydrogen peroxide (H2O2)

contents in rats fed high cholesterol diets.

Group Cytosol Mitochondria
(nmole/mg protein)

N 0.13 + 0.01™ 0.11 + 0.01°
NR 0.13 + 0.01 0.11 + 0.01°
HC 0.14 = 0.01 0.15 + 0.01°
HRL 0.13 + 0.01 0.14 + 0.01°
HRM 0.13 + 0.01 0.13 + 0.01°
HRH 0.13 + 0.01 0.11 + 0.01°

Values are the meanstSE(n=10). Those with different superscript letters are

significantly different at p<0.05 by Tukey's test.
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Table 53. Change of evacuate the feces in rats fed high cholesterol diets

with various levels of radish leaves

Groups A& A (h)
N 7.33£0.52™
NR 8.33+0.52
HC 7.33+1.03
HRL 8.67+0.52
HRM 8.33+0.52
HRH 8.33+£052

All values are mean=SE (n=10).
Values within a column with different superscripts are significantly different among

groups at p<0.05 by Tukey's test.
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Table 54. Weights and water contents of feces in rats fed high cholesterol

diets with various levels of radish leaves

Wet weight Dry weight Water content
Groups (g/day) (g/day) (g/day)

N 2.59+0.29"4 2.43+0.25 0.16+0.04™
NR 4.34+0.70" 4.05£0.57" 0.25+0.05"
HC 3.01+0.01° 2.96+0.01° 0.05+0.02°
HRL 3.83+1.15" 3.71+0.10° 0.13+0.04"
HRM 5.49+0.04" 5.37+0.05° 0.12+0.03"
HRH 6.23+0.38° 6.01+0.43° 0.23+0.04%

YAll values are mean+SE  (n=10).
?Values within a column with different superscripts are significantly different among

groups at p<0.05 by Tukey's test.
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Table 55. Effects of radish leaves on fecal total lipid, total cholesterol and

triglyceride contents in rats fed high cholesterol diets

g R
N 50.00+7.55° 7.75+1.53¢
NR 62.50+4.89° 7.84+1.11¢
HC 167.50+15.00° 37.80+0.21°
HRL 281.67+21.75° 47524453
HRM 251.25+24.09°* 82.68+1.33"
HRH 252.50+22.17° 85.49+6.13°

All values are mean=SE (n=10).
Values within a column with different superscripts are significantly different among

groups at p<0.05 by Tukey's test.

@ 7+z=32] UDP-glucuronyl transferase &4
7ol 9G&EthAret BEE  glucuronidation&S Zolr 7] 98] UDP-
glucuronyl transferase €4S #23s A= Fig. 317 2t N 9 NRw o H]
3l HCx 3 FHswa sl 240 FolAew F7tH e HCel H &
HRL 3 HRM oM tha Frtstelovt F4S 5% w3 HRHT oA 38%
FHor  FH7tEe] s = #AS yEHdt. UDP-glucuronyl
transferase= UDP-glucuronic acid® glucuronic acid®Z 3+ Fujst= W AA,
A sFES 57 Fad g4E FEFAdel Zagk g4 o

1 2] F ¥l (bilirubin) o] Aol ¥tz f ot
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Fig 31. Effects of radish leaves on hepatic UDP-glucuronyl transferase
activities in rats fed high cholesterol diets.
All values are meant*SE (n=10). Values within a column with different superscripts

are significantly different among groups at p<0.05 by Tukey's test.
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Fig. 32. Effects of radish leaves on fecal bile acid contents in rats fed high
cholesterol diets.

All values are mean=SE (n=10).
Values within a column with different superscripts are significantly different among

groups at p<0.05 by Tukey's test.

® +7d sterol &=F

Aol U zHEs AR AAstes U #3 T4 E9 A
FS A5y 98 ¥ AlZF cholesterol, coprostanol, coprostanone $F%S
A% A3 = Table 569 o WA o] FelzuE kS Aol vl
HC 8 A eaasddA fodem F7bE9la, HCEel wef HRM
HRH oA 15% 2 30%% 7+2F 5715 Itk Coprostanol 3 &2 Nitoll 1] 3|
NR+', HC % FAzwwEolA 4oz F7tEda, HCx el H3] HRL,
HRM 2 HRH#ol A 62%, 21% 2 53%% ztzt =7}l%2it}h. = Coprostanone
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Table 56. Effects of radish leaves on fecal neutral sterol contents in rats fed

high cholesterol diets

Groups Cholesterol Coprostanol Coprostanone

(mg/day) (mg/day) (mg/day)

N 6.30+1.54¢ 1.10+1.34° 0.45+0.25"
NR 9.09+4.28¢ 4.11+0.89 0.87+0.12"
HC 175.59+0.41° 13.79+1.88" 0.89+0.33™
HRL 152.35+10.02° 22.28+6.99° 2.04+0.86™
HRM 203.30+11.03" 16.69+3.23" 2.0120.76™
HRH 227.52+12.34° 21.73+6.85" 2.23%0.36°

All values are mean=SE (n=10).
Values within a column with different superscripts are significantly different among

groups at p<0.05 by Tukey's test.
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Table 57. Effects of radish leaves on hephatic HMG-Co A reductase activity

in rats fed high cholesterol diets

HMG-CoA reductase

Groups (nmol/min/mg protein)

N 2255 + 2,03

NR 20.19 + 157

He 13.29 +1.87°
HRL 17.66 + 2.76™
HRM 21.87 + 173
HRH 2439 + 0.84°

All values are meantSE (n=10).
Values within a column with different superscripts are significantly different among

groups at p<0.05 by Tukey's test.
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Table 58. Effects of radish leaves on hemoglobin and hematocrit levels in

rats fed high cholesterol diets

Hemoglobin Hematocrit
Groups
(%) (%)

N 14.55+0.78" 44.00£5.54™°
NR 14.58+0.35" 43.48+1.12
HC 13.90+0.71° 39.99+3.73
HRL 12.68+1.19 41.88+2.53
HRM 13.55+1.45" 42.10+4.43
HRH 13.500.70™ 42.5520.64

All values are meantSE (n=10). Those with different superscripts in the same

column are significantly different at p<0.05 by Tukey's test.
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Table 59. Effects of radish leaves on blood Ca and Fe levels in rats fed

high cholesterol diets

Ca Fe
Groups

(mg/dl) (mg/de)
N 11.25+0.07"° 189.00+98.99™°
NR 11.83+0.43 145.00£40.17
HC 11.20£0.28 153.00+39.60
HRL 10.68+1.01 167.00+39.60
HRM 11.45£0.55 142.33+23.76
HRH 11.43£0.36 135.00£12.53

All values are mean+SE

(n=10).

Those with different superscripts in the same

column are significantly different at p<0.05 by Tukey's test.
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Table 60. Body weight gain, food intake and food efficiency ratio (FER) of
powder and processed food from enzymic-treated Radish leaves in

rats fed high fat diet for 3 weeks

)

Groups” Body weight gain (g) Food intake (g/day) FER (%)
N 12617 + 830° 1062.00 + 31.00~° 0.12 + 0.01°

H 160.14 + 10.24" 1054.14 + 49.58 0.15 + 0.01°
HRP 15050 + 11.36™ 1087.33 + 83.07 0.14 + 0.02°
HERP 129.00 + 8.45° 1050.67 + 68.56 0.12 + 0.01°
HERF 13050 + 12.83 970.00 + 72.34 0.13 + 0.01"

1)Groups, are the same as in Table 1.
YAl values are mean+SE (n=8). Values with different superscripts within the same

column are significantly different at p<0.05 by Tukey’'s HSD test.

YNot significant.

aFzHE Aold FA7EE FEjel wel 453 s AT
= 543 A3(Table 61) F-a8A-2 Hatol Ha] dd=4d awa EFolA

Z
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Table 61. Effects of powder and processed food from enzymic—treated Radish

leaves on epididymal fat and abdominal fat in rats fed high fat diet.

Groups Epidids(r;r;al fat Abdor(n;r)lal fat
N 092 + 0.16° 495 + 0.59°
H 115 + 0.08 9.22 + 0.31°

HRP 1.02 + 0.12% 740 + 057°

HERP 0.84 + 0.06™ 489 + (.18

HERF 0.93 + 0.08% 550 + 0.12

All values are meantSE (n=10). Those with different superscripts in the same

column are significantly different at p<0.05 by Tukey'’s test.
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Fig. 33. Effects of powder and processed food from enzymic-treated Radish
leaves on serum blood glucose levels in rats fed high fat diet. Groups
conditions are the same as in Table 1.

All values are mean+SE (n=8). Bar with different letters are significantly different at

p<0.05 by Tukey’'s HSD test.
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Table 62. Effects of powder and processed food from enzymic—treated Radish
leaves on hephaic triglyceride and total cholesterol in rats fed

high fat diet for 3 weeks

TG Total-cholesterol
Groups
mg/dl mg/dl
N 46.21+5.21¢ 82.04+6.40°
H 89.13+6.74° 171.80+13.68"
HRP 66.49+4.13" 127.04+12.31°
HERP 66.86+5.02" 123.57+13.42°
HERF 64.71+4.04° 136.03+14.36"

All values are meantSE (n=10). Those with different superscripts in the same

column are significantly different at p<0.05 by Tukey’s test.
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Table 63. Effects of powder and processed food from enzymic—treated Radish
leaves on hephaic total-lipid and triglyceride in rats fed high fat

diet for 3 weeks

Groups” Total-lipid (g/g wet tissue) Triglyceride (mg/dL)
N 0.07 + 0.01 219.77 + 13.63"
H 0.13 + 0.01° 32351 + 21.74°
HRP 0.09 £ 0.02* 275.76 + 26.42%°
HERP 0.08 + 0.02 215.08 + 30.00
HERF 0.07 + 0.03° 24360 + 17.66

1)Groups are the same as in Table 1.

YAl values are mean+SE (n=8). Values with different superscripts within the same
column are significantly different at p<0.05 by Tukey's HSD test.

INot significant.
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Table 64. Effects of powder and processed food from enzymic—treated Radish
leaves on  hephatic  total-chlesterol =~ HDL-cholesterol and
LDL-cholesterol levels in rats fed high cholesterol diets with

various levels of radish leaves.

Total-cholesterol HDL-cholesterol LDL-cholesterol

Groups'

(mg/dL)

N 10657 + 13.39" 3.01 = 0.20° 5845 + 12.30°
H 186.90 + 19.89° 217 + 023" 9450 + 10.67°
HRP 12335 + 11.42° 2.83 + (.14 5732 + 319"
HERP 12059 + 27.09" 2.82 + 0.12° 66.79 + 10.20°
HERF 126.62 + 15.98° 3.06 £ 0.12° 62.12 + 931°

1)Groups are the same as in Table 1.
YAl values are mean+SE (n=8). Values with different superscripts within the same
column are significantly different at p<0.05 by Tukey's HSD test.

YNot significant.
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Fig. 34. Effects of powder and processed food from enzymic-treated Radish
leaves on blood glucose levels in rats fed high fat diet. Groups
conditions are the same as in Table 1.

All values are mean=SE (n=8). Bar with different letters are significantly different at

p<0.05 by Tukey’'s HSD test.
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Table 65. Change of evacuate the feces in rats fed high cholesterol diets

with various form of radish leaves

Groups F& A7 (h)
N 11.39+1.01%
HF 10.34+0.76
HRP 10.16+0.97
HERP 9.73+0.68
HERF 10.14+1.51

All values are mean=SE (n=10).
Values within a column with different superscripts are significantly different among

groups at p<0.05 by Tukey's test.

Table 66. Weights and water contents of feces in rats fed high cholesterol

diets with various form of radish leaves

Crouns Wet weight Dry weight Water content
b (g/day) (g/day) (g/day)
N 4.08+0313V%? 3.64+0.41" 0.44+0.04°
H 4.30+0.53" 3.84+0.37" 0.46+0.03"
HRP 5.85+0.52 4.18+0.47" 0.67+0.05"
HERP 6.93+0.43° 5.49+0.43° 1.45+0.08°
HERF 5.81+0.53" 5.12+0.40 0.68+0.04"

DAll values are mean=SE  (n=10).
YValues within a column with different superscripts are significantly different among

groups at p<0.05 by Tukey's test.
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Table 67. Effects of powder and processed food from enzymic-treated Radish
leaves on hepatic superoxide dismutase (SOD) and glutathione

peroxidase (GSH-px) activities in rats fed high cholesterol diets

SOD GSH-px
Groups
(unit/mg protein/min) (nmol NADPH/min/mg protein)

N 3.41+0.22N 391.81+29.24°
H 2.94+0.27 316.76+23.63"
HRP 3.12+0.31 348 53+29 57
HERP 3.21+0.27 393.87+36.01°
HERF 3.17+0.39 360.25+19.66™

All values are meantSE (n=10). Those with different superscripts in the same

column are significantly different at p<0.05 by Tukey’s test.
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Table 68. Effects of powder and processed food from enzymic—treated Radish

leaves on hepatic thiobarbituric acid reactive substances(TBARS)

values in rats fed high cholesterol diets.

TBARS
Groups )
(MDA nmol/mg protein)
N 232 + 0.12°
H 410 + 0.27°
HRP 312 + 017
HERP 255 + 0.23°
HERF 2.88 + (.38
Values are the means*SE(n=10). Those with different superscript letters are
significantly different at p<0.05 by Tukey's test.
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HERP# ¥ %A 7}1¥% S ¥93% HERFFAAME AAT FEo=2 A
229 mitochondriaol &= FAAHE d8st ZE ol AT FFo=2

ZHasF itk (Table 70).

Table 69. Effects of powder and processed food from enzymic-treated Radish

leaves on hepatic carbonyl value in rats fed high cholesterol diets.

Groups Microsome Mitochondria
N 24.04 £ 2.01° 20.68 + 2.04™
H 30.66 + 297 2217 + 2.38

HRP 2494 + 327 21.41 + 201

HERP 2362 + 1.04" 20.30 £ 151

HERF 2507 + 3.13% 21.60 + 2.07

All values are meantSE (n=10). Those with different superscripts in the same

column are significantly different at p<0.05 by Tukey's test.

Table 70. Effects of powder and processed food from enzymic-treated Radish
leaves on hepatic superoxide radical contents in rats fed high

cholesterol diets.

groups Microsome Mitochondria
N 12.68 = 1.95° 757+ 1.23
H 24.39 + 1.35" 12.94 = 1.40°
HRP 1959+ 1.02° 10.10 £152°
HERP 17.20 + 2.60™ 1026 + 1.81°
HERF 1472 + 1.20° 1051 + 1.41°

Values are the meanstSE(n=10). Those with different superscript letters are

significantly different at p<0.05 by Tukey's test.
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- Changes of Quality Characteristics in the Radish(Raphanus sativus L)
Leaves according to Varieties and Drying Condition. Kyung-Hyung Ku,
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- Changes of contaminated microbes in the radish(Raphanus sativus L.)

Leaves according to pre-treatment method. Kyung-Hyung Ku, Kyung-A
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Lee, Myung-Ki Lee, 72%} =2 & 35+3] (2005. 6)

Effects of radish leaves powder on hepatic antioxiative system in rats fed
high-cholesterol diet. Jung-Mo Ah, soon-Jae Rhee, Eun Hye Kwon,
Kyung-Hyung Ku, Sang-Woon Kim, Jeong-Hwa Choi, 72x} %F=+2] %3} s}
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