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Abstract

Functional metabolites were screened in native species of radish at different
growth stages to broaden consumer market. Both Danji radish and
Gwandongsummer radish were harvested periodically in 80, 100, 120, 150 and 180
days after sowing. Their roots and leaves were investigated for ally
isothiocyanate(AITC), sulforaphane, total polyphenol compounds(TPC), total
flavonoid compounds(TFC), minerals, antioxidative activity, myrosinase activity,
and antibacterial activity.

Danji radish produced 2~5 fold more leaves than Gwandongsummer radish. The
highest amount of leaves 902 gfradish was obtained at 100 days™ cultivation. The
contents of AITC showed differences according to harvest time and species.
The maximum levels were 0.94mg/g in roots of Danji radish and 1.02mg/g in
leaves of Danji radish harvested in 100 days after sowing. Meanwhile,
Gwandongsummer radish that were harvested contained only 0.69mg/g in roots and
0.72mg/g in leaves. The contents of sulforaphane were also higher in Danji
radish roots (12.6ppm) and leaves (7.31ppm) than in Gwandongsummer radish roots
(6.46ppm) and leaves (6.34ppm). The enzyme myrosinase which catalyzes AITC
production through hydrolysis of glucosinolate was detected 30~42 unit in
leaves of Danji radish which was higher than 20~23 unit in leaves of
Gwandongsummer radish. Above 300 ppm of both TPC and TFC were contained
in radish leaves, and leaves had more TPC and TFC than roots. The leaves of
Danji at 100 days’ cultivation showed the highest contents. Macro-mineral
contents in radish were K>Ca>Mg>P in descending order. Among those,
potassium content with 2~4% was 10 times higher than that of any other
mineral. Iron (Fe) out of four micro-elements(B, Zn, Fe and Cu) showed the
richest content 498.70ppm in leaves of Danji radish, whereas leaves of
Gwandongsummer radish had only 116.90ppm of iron. The antioxidative activity
of radish was investigated indirectly by measuring radical-scavenging activity.
The radical-scavenging activities of Danji radish were 42.32% for
2-diphenyl-1-picrylhydrazyl and 57.47% 2,2'-azino-bis



3-ethylbenzenothiazolin-6-sulfonic  acid, respectively, compared with Trolox.
Extracts of radish showed considerable antibacterial activity. Among those the
extract from Danji roots had the strongest activity.

This study suggests that Danji radish is more valuable and suitable as leave
sources than Gwandongsummer radish, and it has high potential as functional food

material.



1. A &

T

T(Raphanus sativus L) S8luete] tisE A& F9 shuolth. FarolA] o
n Z1hA 1,1008 78 A 40037 el Ax |k ToloH@ft ] o 71 Al =]
A& 7150] A, svets A=At FxdA =48 F, At A
7 RS EAAE A2 FFAHKu T 2006).

o FZFol wat ¥tk AR Be(F D) AT
£0 2 A= tar, Bt e AT A& E ok T
o AAF(EAF)S AA, 477, FEo] 0= F
oA dEE AXH B dEF AFS FE GFAZR, §F4& &

Gl

AYEL T F2 A

ML oo o mft L

ofl, oo
(i,

£ O
=
D
D
off
oo
=
L
o
lo
ox,
g
ot
o
rlo
TN S

°F 93%, =4 1%, FE X% o] @& 3%, vIEtRl C 19~39 mg% W
AF FHe Aok T Y Fo 2AE Afas AW, 23 Tr)AY
A

sl& 49l amylase 5°| 13, methyl mercaptanee|y mustard oil3} £ &
o]

=2
[%
r o
Aui
k1
=
ol
to
k1
s
e
—
=
=]
0Q
ol
—_
©
©
x

43k A FAAEA 20139
F 30L7719%, =
154 2= T 19 Aot (eju 2014).

53] qUdA FEEE §F FoA 1295 E t3a 597k Aed AR A&
o F+ Fg AYeE AAHAFH FaAde] Wie Aty & F Uk EF A
<t B AGHAA E5Er] izl Al wE

go] 0¥ @o} G2 A9 7FeTohe EstE] i Zo] SHoltk
AFA Yol LAWHAFH DA F’ (Raphanus sativus L. var. hortensis
Baker f. gigantissimus Makino)gh= Al Fo] AHi=o] o, 1913d ZHEF
Aol SAE Aoz Hol ZAMAIYFY AT WA AuEHALD Aoz 4

S k. ARe B EFo AL APAA A AAHAN A @

_3_



AR = AHE A5 5T Aagem O WMe FASY sttklee T

= o= 5/\}( Lee OOZ)HOiE} =3 dAgilel Yube] g T F 9
FENT Ve &&i A, 7AE7S 9e AL Azlo] ofAtolabsla A

rr

o
= H

glo] EoTA stR o (Lee 5, 2002), AFA dFFo] 3 Al7|E HlE}
o

Ul C 3Fo] 119 43 Br} 394 339

), FirstEAg 2 349 —’FQ@ Zol 11€d &gt FHT 1.3-1.48] &40
ol dFF R 7eAol et aKim 5, 2013) R EATH

AT Y5 5F(Raphanus sativus L) =AGEAA €58 4+ Jdoes FH o
woll 20000 o] % AujAA ] FTtetAA WA FAE 7HE FEho] Asta
Ak 2-4E 95t AR H 7] Fo] AGERF FAE diFEHo e, H2
T4 9 FEoego] T ot g B4R 87 FUIEtHA AvA §x0
e FEAe AgALte]l astA HAT old FHAA GAF =
ZAI7F Zetal J&o] FAS AT AFo] L. &l 23 dF
o= ZZ o] At AEFFHFo] T A2 F3 EHES zta drhlee

FEola AT o 2 =24 "344 7bE ol &
= SR AR AFo E3HER A JheAde] v & 4 v 1
By EAF o] BT A= AwEAELee 5 2008), o] FLEHEAH Lee
S 2002), 71&ol€ EA ZAHKim &, 2013) Tl uigt A77F tiEEolH &
|AE B e, d T 7l =4 B3 AT FET Ao =%
FAEZI= AEF T 35% ol Holds, 20% Wele) @i dE, 2w
so® TAH AeHKu T 2006), HIZo FAIEZEY oEeE FEEo] HY



Az oAl &b YalYim 5 2004, 718 Y BYKu 5 2008) & 7HAh
AFANI RIHEA A2 7158 BAL M AT FOEA THs
ARSI ol EAR BF g AT LFHD Aok mepA

WA A AE HohE AREA

9

F X odo rr

AY BAbEFo = FA
i I 5 443 o] &7ls A77F 875 Ao
I Lo de] Z3HE glucosinolatesE 3Hsulfur)S SHiata 9lom,
Fagdol A 553 v IFr|E Fo3tH(Fenwick 5 1983), Cabbage,
Broccoli, Brussels sprouts % cauliflower 53 22 AXsta Ao A H=|7t
A oF 100 Fo]  FAFHALH, T F 309Fo] AgA] S i Ae
Aoz d#A QthFahey & 2001, Shim & 1992). &5 A &2 A4 A4
glucosinolate= HIZAQl HAHE EAsHAR, =Y 71y #AH 5 AL 24
£4A 71 Z2Z Yol EA 8= myrosinase (thioglycoside glucohydrolase, EC
3.23.D8k= 849 #8o ¢3}lo isothiocyanate, nitrile ¥ thiocyanate®} 2
EelqtEs @Adsta(Chois 2009), ol &alitEel AAsta A4 579 A=
A0 WA g 20k 55 Wnka BuE 3 JoiFenwick 5 1983, Getahun 5 1999)
AAst AL FHEHY dE F8 glucosinolates AR
glucobrassicanapin, glucoraphanin, gluconapin % sinigrin 5o]™, o] &2 240
ZA)8l=  myrosinaseo] 93]  JbEsEo]  Z+zZ indole-3-carbinol,
sulforaphane, butenyl isothiocyanate %! allyl isothiocyanateZ Z3+#Ht}. A=A}
33t 4o et 2 4k3lE 3= glucosinolatese] -8l 4HE-21 isothiocyanates,
sulforaphane ol 23k Ao 2 & A tHTalalay & 1989, Zhang & 1994).
[sothiocyanatess F2 F=3 a4 9 XS Z71A 7|3, Al E A A AHapoptosis)
R AxZF7] JA 71HdE Tt e dAWele Ao ®E WeA a(Hwang &
2010, Smith & 2003), 1A B Axze] F2& A Al7l= Z&o] e AL
2 ByFEI dTim &

:
-
0.
J
i
N
T

OUQ{_',

i

[\3
O
=~
—

Sulforaphane 73t d4tst &3E 7Fx]a1 ¢1ow, sulforaphanee] <J3H
akst G40 B fie 43t S o7 A MES HotEta B
=] 3 *‘X@rﬂr A ae] TRl et grEel = F8 glucosinolate ]
T, TF H o]59 st 4o 47 EA vErvda dth

Agielel A7l gk daleol soivtar &9 Aol it A4 WH3tel B Eo



S 7HAAL 9lew, 53] phenolic hydroxyl7l= @84 T AdEA=34

b

K

go) glo] Afretid 27

| -
T

3

7k tHPark & Kim 1992). Z&tx

gz A9

J|

X
=

A

taw B

£

A

8 2% YAE F

1

<)
pul

Oo]:

o}

1l

~
file)

or

o
olo
et

g9

A
o

J|)

ol

B

—_—

o
wjr

o
ol

M.
e

ﬂ_ﬂ

2 dHA 3R el s

A0

ks
pul

P
T

o

il

3t QtiHan 5 2013). ©]7

2 B A7) Al

_L
=

o

)

JvAlO
2

1

3
gl

7t A A $5

2,2-diphenyl-1-picrylhydrazyl radical 4%, 2.2'-azino-bis 3-ethylbenzenothiazolin-6-sulfonic

3

RyE

3 &4

o7
o
oy
R
TR
2|

oy

mjn

g

HAT 9}

meld AFAGNA LAARE Aol e A

s}



9

ol H
=

A=

II.

2013. 99 ~ 2014. 3€¥€ 7|Ztel

; 1149 21, 100

34 2ol wEt A=

% 802

80Y;

e HIEES

1

)
9

20

]

o

—_

It

3]

2012)el ¢

A=

2.

ey
T

fol w1
1079 NZol M 22 7tz 184 =

S

S
| Sy

:‘—41_.

o

7ol A g+

<)
pul

ek of

W37l HA4s HEE -10CAA 3% 52
(Ilshin, PVTFD10, Korea)

1=
o

Ho
wvﬁ

bl o,

bAA B AHgE

S

i M R R

3. 48 A5 =4

&1 DE AR&SEAH.

ole]
T

H & & (CH;OH) 3 o}All &(CH30CH3)

A& A4 300rpme

=81 50mE F=87]9

=
T

A& 5gell

FAAZ

bof 43eg

S|

2](7,000 rpm, 10&, 20C)

A48

o,

AT AL FEEE AL

™

= 20411

—_
file)



4. +8AE 4
1) Ally isothiocyanate 4
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Table 1. Conditions for qualitative analysis of AITC by gas chromatography/mass

spectrometer
Parameters Conditions
Column HP DB-5MS (30mx0.25mm, 0.25 ym)
Oven temperature 50°C(constant)
Injection temperature 160°C
Interface temperature 250°C
Injection mode Splitless
Column flow rate Carrier gas Ny, 2m{/min
Ionization voltage 70 eV
Ion source temperature 200°C
Molecular range 25 ~ 500 m/z

Table 2. Conditions for quantitative analysis of AITC by gas chromatography

Parameters Conditions
Column HP iNNOWAX capillary(30m=0.25mm, 0.4 um)
Dedector FID(Flame ionization detector)
Injection temperature 160°C
Detector temperature 250°C
Oven temperature 50°C — 10°C/min. — 100°C
Column flow rate Carrier gas He, 1.2m{/min




AITC calibration curve
2 500,000,000 -
2 000,000,000 - y=2E+0Bx+ 4E+07
I R® = (.0086
3 1,500,000,000
L=
E 1,000,000,000 - * Sariesl
Linear|{Sariesl)
500,000,000 -
0
0 200 400 600 8200 1000 1200
Concentratlon (ppm)

Figure 1. Calibration curve for AITC determination by gas chromatography.

2) Sulforaphane %4
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Table 3. Conditions for analysis of sulforaphane by high performance liquid
chromathography

Parameters Conditions
Column Waters Sunfire C18(4.6x150mm, 5¢m)
Dedector PDA 2998(Photodiode array detector)
Injection volume 1040
Flow rate 1ml/min.
Mobile phase(A%/B%) Gradient : 85/15(initial) — 50/50(16min.) —
- A Water 50/50(18min.) — 0/100(19min.) — 0/100(29min.)
- B : Acetonitrile — 85/15(30min.) — 85/15(45min.)

250000
RA2: 0.996496
200000
150000
]
Q
< 100000
50000
0
.50000 T T T T 1 T I T T T T ’ 1 T T T J T T T T 1 L] 1 T T l T ] DL ] T O T ‘_I [ ¥ T |_' T T T 1 I T 1 1 1 Ff
0.00 10.00 20.00 3000 4000  50.00 60.00 7000  80.00 9000  100.00
Amount

Figure 2. Calibration curve for sulforaphane determination by high performance
liquid chromathography.
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1) 2,2-diphenyl-1-picrylhydrazyl radical &A%
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2) 2,2’-azino-bis 3-ethylbenzenothiazolin-6-sulfonic acid radical &#%

2,2’ -azino-bis 3-ethylbenzenothiazolin-6-sulfonic acid(ABTS) radical A2 =4
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Table 4. Growth characteristics of Danji radish and Gwandongsummer radish depending on harvest time

Root weight (g)

Leave weight (g)

Leave number

Leave length (cm)

Moisture content (%)

(number)
Cultivation
time Gwandong - Gwandong - Gwandong . Gwandong Gwandong
(days) Danji radish -summer ggins]}ll -summer ggins]}ll -summer ggins]}ll -summer Danji radish  -summer
radish radish radish radish radish

80 M4+733  1511+1275 89+2489 3794593  23+4.24  25+2.67 55476 42+4.12  92.9+0.008 91.6+0.015
100 119541705 1,627+£2251 902+2231  428+631 30+1.93 28+220 55+4.95 45+8.07 90.9+0.009 86.6+0.065
120 1408+£286.1 2,012+2387 800+219.8 287+763 31+5.71 24+549 54+571 42+3.99 89.9+0.026 89.7+0.026
150  2182+4%.5 2369+453.0 630+1139  125+208 42+7.04 27+£4.67 53+6.49 34+5.09 88.1+0.008 85.5+0.016
180  1,825+3446 2234+4209 372+785 T4+215  49+4.27 25+7.30 40+7.17 19+£5.27 89.2+0.009 87.9+0.013




Danji radish Gwandongsummer radish Danji radish Gwandongsummer radish

80 days’ cultivation 100 days’ cultivation

Danji radish Gwandongsummer radish Danji radish Gwandongsummer radish

120 days’ cultivation 150 days’ cultivation

Danji radish Gwandongsummer radish

180 days’ cultivation

Figure 3. Shapes of Danji radish and Gwandongsummer radish depending on

harvest time.
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solution.



[ . .

0 0" 0 41 )bl a8 0 doU 3dh 4ld 43/ dof dgl
|

9 Mmoo W B oW ow H & W

Figure 5. GC/MS chromatogram (top) and mass spectrum (bottom) of extracts of Danji

radish roots.



(1,000,000}
iTiC

5.5
5.0
4.5

4.0

CAITC.

3.5

3.0

100.0 26

7 41

0.0 N1 207 253 281 327 355 401_429 489

100 © 200 300 400 " 500
Figure 6. GC/MS chromatogram (top) and mass spectrum (bottom) of extracts of

Danji radish leaves.



(x100,000)
Tic

2.5

2.0
15]

1.0

0.5

20_' 79 /v AITC.

104

TPy

133
100 200 330 4@0 5%0

Figure 7. GC/MS chromatogram (top) and mass spectrum (bottom) of extracts of

Gwandongsummer radish roots.



(x10,000,000)
¢

1.25-

1.00-

075

0.50-

0.25-

%

100.04 3!

1 |43
25.0 99

0.0 133 207 281 313 355 401 429 489

100 200 300 400 " 500

Figure 8. GC/MS chromatogram (top) and mass spectrum (bottom) of extracts of

Gwandongsummer radish leaves.



-
8

=
fa

>

=
e

=
=

o
(]

==

80 100 120 150 180

Ally isothiocyanate content (mg/g)
=
m

Cultivation time (day)

= Danji radish roots Gy andongsummer radish roots

=
=

=
]

i

o
oo

o
Y

o
(]

Ally isothiocyanate content (mg/g)
=
[ (o)}

80 100 120 150 180

Cultivation time (day)
== anji radish leaves = Gy andongsummer radish leaves

Figure 9. Changes in ally isothiocyanate contents of Danji radish and

Gwandongsummer radish depending on harvest time. Top, roots; Bottom, leaves.



2 50—

r—
Tsuifa‘aphane -7813
|

:

—

- ¥ . . A = — : it
0.00 500 o0 1500 Z20.00D 25,00 30 0a 35.00 4000 45.00
LTt

250
2.00-
1.50 |
1.00-
0.50- .

um_l - - " - - . L % - e " " T+ -
0.00 500 1000 1500 20.00 25.00 30,00 35,00 40.00 4500

Minules

ilsulforaphane - 7.719

080 |

0.60-

040

sulforaphane - 7 712

\

"= SR
0.00+— o

000 500 1000 1500 20,00 25.00 3000 35.00 40.00 4500
Mrnutes

Figure 10. HPLC chromatograms of sulforaphane standard (top), Danji radish
(middle) and Gwandongsummer radish(bottom) samples.



2) Sulforaphane ¥+&F W3}

Sulforaphane2 F %2 =7]|¢} LAY S
tH(Zhang 5 1994, Fahey %5 1997).
e R ‘BEAET E ASH FAH FHE 88t AT X A
g9 diste] sulforaphane &< A3 += Figure 109} 11 YERH AT
Sulforaphane 389 % thE:Z<l A8 HPLC AZvlE1%9- Figure 109}
Zom, WEE AZRDES 7.7198~7.895% #WSjdA AZHUL AFA
‘G 9 HFAEET o o] ¥ sulforaphane ¥ ZH7t
12.6ppm, 6.46ppmA o™, FHolAE= ‘EAF’ 7} 7.31ppm, ‘BEFAEF 7}
6.34ppmo] AtHFigure 11). th#| & sulforaphane $F&e ‘GAE’ 71 ‘AEAE
o HT A vyEgten, 73 Bue AT Bl drEol BUrh
Chois(2009)¢] A+ AFoA AASH AHLE dHA Aes 79
sulforaphane &2 H 20.27 pglgel FrEdow, AHE FHRTE AT A
%7]9] sulforaphane #&Fo] ¢ 2d] A= =A Yebgth ES Kim 5(1977)9]
X 15.4~23.1 ppm, ¥ 14.6 ppm, ¥ 5.5~8.8 ppme. &2 H 13 A3} H|w3}FH
S ] Az8ly 2 A9 sulforaphane dFS ThAh o|7t wom, o)L AR
o] ¢ AaY A AHe] WE o]l FZAHKim 5 1997). W F=
H| 28k W o] 5 ZAFS 7IX 3l & sulforaphened B2 Z o o /5
A& sulforaphanedl| Hlgte] 1.3-1.58) w2 &AW &S /AT A=

o2 BRIH7IE 3HtHShishu 5 2009).

tlo
N
B>
>
N
K
o\
oY
lo
i
0%
ftlo
D)
r o
>
aE
N

A
4
i r%‘ﬂ

PIURCS



[
=

[y
(=]
1

[
[l
1

oo
1

o
1

=
i

(]
i

Sulforaphane content {ppm)

Lo
i

Danji radish roots Gwandongsummer Danji radish leaves Gwandongsummer
radish roots radish leaves

Radish Sample

Figure 11. Sulforaphane contents in radish samples.

100.00

e .
/L T T e Danji radish roots

. 8000
Z Vi :
S 7000 T
= / / m— Gwandongsummer
= 50.00 - / radish roots
g so00 }
a — T i
E oy E - _ Danji radish leaves
‘A :E.-—‘_.—- J— N
E 30.00 i
= i —Gwandongsummer
=
2000 +— Fe—1 I e 2o radish leaves
10.00
Q.00 T T T T ]
s0d 100 120 150 1802

Cultivation time (day)

Figure 12. Changes in myrosinase activities of Danji radish and

Gwandongsummer radish depending on harvest time.



3) Myrosinase &4 #3}

Myrosinase= 2Al=A <2 S-glucosidic bondE 7hr&E3sls JEAZEA
=l epithionitrﬂe %—OE— A= AoE RuFHYKSIm 5 1993).
skhEo] & glucosinolatee] €91 sinigrinell myrosinase’} #-&3}o]
o] wjgut A&l allyl isothiocyanateZ} A4 = 1z, allyl isothiocyanate:= 733k
A, g4 2 FAFA B ollg IdEE dE 9 AuES HXA
g Pojr1se sty dEAd JohKim 5 2007). wEkA
myrosinase /o] FAU, o] JEA UiFRd AL&e=E AAHEHE allyl
isothiocyanate g&o] w2 F+ AF7HA7F 2 A2 AREHIH F5 7]
A 22 8334 myrosinase S-S ST A, ‘EAFE o ‘AF
5 9 A7 myrosinase /42 Figure 12041} o] 3F £ 100
d Aol ‘HFAEF’ ¢ myrosinase &4go] 90.64 uniteZ o-E AR os}
o 714 & S Yok ‘@xF’ o myrosinase AL w9
dof 80.06unitez ‘FHFFAEFF’ Hu $A YyEeErgtow  ‘wx]F’ F Ao
myrosinase 42 30.44~41.82unit .2 FEA|7]o] FHgle] ‘HF o
Aol 19.50~23.10unit Bt} A yelhy ‘@AF FAHo & THs
Ao ® FAET A Kim 519899 Hio] ostd Fo HA FL7t &
1ol vlsked myrosinase &Ado] ¢F 108 A= =& ALoZE Yz Fo| 1
ot AEES o] &3 AY VTS 83 =g JtEAE AEE AASA &
Zlo] uigAE Aox FAAF AT

m&‘l

ofN
i
—_
S

O

fr A



4) F Y= ETtEolE 3 WHE

FHdE EES WAel 9 g4 phenoilc hydroxyl(-OH)~717F A 3H= o
= =5

AT =dolth HEd FFEL AEA de 2xHo Ae 22 A=
tEA g T2 BAES 7Y de sdd=e OHVE 5% 4
Tt s e Fxo ¥W dAstel o) s FHe AW FE EH
Foad 5o AYUBEE 7 Aoz dEA JdHXu 5 2007). =3 =&t
Hwolts A& F8 22 tAtE 5 iz A9 Ad, 4o F2&
A &F 7 T AFSFA HZsted o2 A4S Ik 53 TR
o= itst AHV} 4% o2 UHA w3 Wx9 ATGH Ay
&ttt shltkHan 5 2013).

FEAZ] O] WE CFAF g BFAER o FHE F Ede 9 &Y
Hiol= stk H3lE A3 Ay Figure 129 139 YelAT. thA|z o2
HAE 9k HBTART ode AAzET|Ed #Adte ZEded EgR
wole 85 dstal flof, H4F&AR JHAVE wva AREIY. A
¥ s ETEEolE A2 FRAVEG FF53 B e FF Aol
7} At EAS Bilon, 53, 100¢ AHE wfel 3 ‘wxF 7A
ol 7 B2 dES YEhAG



340

_‘_,.,-v-"’"f = Danji radish roots

- 320
B i
E
"E' o — Gwandongsummer
< 300 radish roots
[=] \’/—-\
Rl
I=
= == Dianji radish leaves
S 280
= Vs
[=]
=8
E A / =— Gwandongsummer
= 260 / \/ radish leaves
240 T T T T 1

80 100 120 150 180
Total polyphenol content (ppm)

Figure 13. Changes in total polyphenol contents of Danji radish and

Gwandongsummer radish depending on harvest time.
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Table 5. Changes in mineral contents of Danji radish and Gwandongsummer

radish depending on harvest time.

_ Cultivation Roots Leaves
Minerals (gergg) Danji radish Gwanra dish Danji radish Gwanra dish

80 3.38£0.011  2.79%£0.013  4.53%£0.024  3.31+0.061
100 3.56x£0.029 2.67%£0.026  3.55£0.007  2.51+0.025
(},/E) 120 3.10x£0.025 2.83+0.0029 2.42+0.046  2.79+0.039
150 2.69+£0.019 2.27£0.019 2.33+0.043  1.39+0.036
180 2.52x£0.017 2.45%£0.049  2.52+0.012  2.18+0.038
80 0.33£0.002  0.39+£0.005  1.27+0.010  1.71+£0.016
100 0.33£0.013  0.45%+0.019  1.40+0.019 1.66+0.017
&a) 120 0.28+0.010 0.36%+0.025 2.22+0.011  1.75%+0.029
150 0.31£0.002 0.36+0.004  1.78+0.005  2.04+0.011
180 0.31£0.004 0.41%£0.020 1.76+0.024  2.18%+0.070
80 0.37£0.007  0.42+0.007  0.60+0.013  0.83%0.005
100 0.34£0.015 0.24+0.007  0.48+0.004  0.67+0.008
%\4%% 120 0.29+0.018 0.26+0.024  0.61+0.024  0.60+0.010
150 0.37£0.004 0.32%£0.006  0.72+0.018  0.67+x0.017
180 0.30£0.010 0.26+0.014  0.59+0.024  0.46%0.019
80 16.00+£0.87  18.50x£1.48  27.90£0.54  25.95+1.23
B 100 16.65+0.31  14.70+0.23  21.85+£0.44  21.45%0.18
(ppm) 120 16.45+0.13  15.90+0.26  22.20+£0.13  31.35%0.26
150 18.85+0.26  14.45+0.35  24.45£0.09  28.50%0.31
180 17.05£0.15  15.85%£0.18 24.30£0.22  19.50+0.22
80 52.15£0.18  44.05%=0.13  134.90£0.38 192.20%0.13
Fe 100 35.55*£0.26  45.85+0.17 120.50+£0.54 116.15%0.13
(ppm) 120 32.25£0.23  45.75%£0.53  196.95+£0.43 127.05%0.49
150 40.20£0.80  39.70£0.28  245.40x£0.61 121.55%0.35
180 51.85£0.70  36.35%£0.39 498.70+£0.33 116.90%£0.93
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Figure 15. Changes in DPPH radical scavenging activities of Danji radish and
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Table 6. Growth inhibition zone showing antibacterial activities of Danji radish and Gwandongsummer radish extracts.

Cultivation Danji radish roots Danji radish leaves
(g;r}l,i) B. cereus S. typhi S. aureus E. coli B. cereus S. typhi S. aureus E. coli
80 12.7+0.7  11.5+1.0 15.6+3.0 17.0+1.1 13.7+0.7 12.6%+0.3 15.7+0.8 14.6%=0.6
100 13.£0.7 141+£12 155+£23 195+1.3 13.4+09 123+1.0 154+0.8 156=*2.3
120 12.3+0.4  140+1.3 10.8+19 20.2+1.2 134%£05 10.6+04 151+22 135x14
150 11.7+0.8  12.0+1.3 123+0.6 18.6+0.4  12.8+0.8 11.0+0.6 13.8£04 15.0£1.3
180 124+13 12.0+1.0 128+04 16.1+1.0 13.6+1.1 11.1+0.5 13.9£1.1 13.0£0.6
Cult@vation Gwandongsummer radish roots Gwandongsummer radish leaves
(g;r}l,i) B. cereus S. typhi  S. aureus E. coli B. cereus S. typhi  S. aureus E. coli
80 12.5+0.5 11.3+0.8 13.8+0.8 12.8+1.7 13.1+0.5 12.6+04 11.8£0.9 14.2+28
100 13.4+1.0  11.7+£05 14.1£0.9 152+3.6 13.9+0.7 13.1+04 12.2+0.3 16.0£3.1
120 14.0+2.2 11.1+0.8 13.7+0.6  14.2+3.7 13.3+0.5 13.0+0.5 12.0+0.6 15.8%£3.9
150 121+£09  11.5+£15 12.8+0.8 13.9+3.2 134%+1.1 128+0.8 124*0.9 14.3£26
180 12.0+£0.9  11.4+1.0 13.0£0.5 13.8£29 13.0£0.6 12.6*+1.2 124*+16 13.3x17
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