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Abstract

The antiradical property of hot water extract from dried radish (DR) or dried radish roasted with pressure
(DRRP) was investigated in vitro and in LLC-PK; cell system. The contents of total free amino acid and reducing
sugar in DR were decreased by 72.86% and 3.17%, respectively, after pressurized roasting. In vitro test, ICs
for DR and DRRP for DPPH radical scavenging activity were 646.70 and 135.45 pg/mL, 896.10 and 566.98 pg/mL
for superoxide anion radical, and 722.26 and 531.84 pg/mL for hydroxy radical, respectively. The radical
scavenging effects of DRRP was significantly greater than those for DR (p<0.001). These radical scavenging
effects of DR and DRRP were confirmed in LLC-PK; at which oxidative stresses were induced by superoxide,
nitric oxide and peroxynitrite generated in the treatment of pyrogallol, SNP, and SIN-1, respectively. Cell
viability was increased in the presence of DR or DRRP, dose dependently (p<0.05), and TBARS formation was
decreased. The protective effects of DRRP against oxidative damage in LLC-PK; were greater than those of
DR at the same concentration tested (p<0.05). This superior antiradical activity of DRRP might be due to the
products produced during the pressurized roasting in addition to the antioxidative compounds originally present
in the radish. 5-hydroxyl methyl furfural (5-HMF) known as an intermediate product of the maillard reaction
was detected in DRRP (0.57 mg/g), but not from DR. In conclusion, daily consumption of DRRP may prevent

oxidative damage by retarding oxidative stress.
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Table 1. Operating conditions for the amino acid analyzer

Instrument Detector SYKAM S4300 (Germany)
Solvent delivery SYKAM S2100 (Germany)

system
Integrator Pyramid
Flow rate Buffer 0.4 mL/1 m
Wave length 440 nm, 570 nm
Column size 4.6 mm, 570 nm
Buffer A pH 3.45
B pH 10.85

g FEAE 29 35 F oA 70% AE-E 30 mLE
7Fll T2 3}ske] 10,000 rpmell A 1508 3F ¥4 A& 2] (Union
32R Plus, Hanil Science Industrial Co., Ltd., Seoul, Korea)
sttt 35t A dE AFTIAEFEZF7]AA 55 5 o
22 WS AAT H F2 &8 T3 lithium citrate
buffer(pH 2.2)E 3|43} t}. o 7|9l sulphosalicylic acidZ
Ho] oA TN AE A AT F membrane filter(0.45 pm,
Sartorius GmBH, Gottingen, Germany)2 ] #}s}] A}-5o}
v = AR A 7] (Sykam, Munich, Germany)ol Al 2 o} 7] =
2HS EAEIAT 717184 232 Table 13 2t

5-Hydroxymethyl-2-furfural(5-HMF) &H2F 244

Maillard ¥-8-9] 784 =<1 5-HMF &3-S HPLC(24)
2 A3ttt FAUE AR 5 g2 75 50 mLol] £33
=2 & o] 10 mLE 045 uM membrane filter2 < 3}3}¢]
HPLC(TSP Co., Fremont, CA, USA) 248 A5 &2 Al-&3}
g} BEAZ8e 1.C-18(4.6 mm x 150 mm, Supelco, Belle-
fonte, PA, USA)S AH&3tRom olsdoz mes-&
(10:90, viv)& AH83I9 2 &&4 5= 1.0 mL/min®] At
AZ7](HP 1100, UV 280 nm, Agilent Technologies, Palo
Alto, CA, USA)dll A& 20 uLS FYste] Loz =9}
¥ 557 5-HMF(Sigma-Aldrich Co., St. Louis, MO, USA)
ZHE dolz FAE Hlwste 1 AHC2REH TEE A

WStk B4E 33 W Fgsack

In vito BIC|Z 205 &Y

1,1-diphenyl-2-picrylhydrazyl(DPPH) &A%< o &=
TEHE 83271 A8 DPPHE 4ol A 3087 3
Al & FFEE S8 THE5). Superoxide anion 427
xanthine, nitrobluetetrazolium(NBT), xanthine oxidase
ZE=3 E8ate] 37°ColA 1083t §HeAIZ & &
A3 TH26). Hydroxyl radical 2 7% Fenton
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© A WA H hydroxyl radicalS F&¢ego] A4+
Aste AHE 4 3HATH2T). Peroxynitrite rad-
ihydro rhodamine(DHR) 123°] AF&}%] A A
PG AEE FG ATt FEd o] aFFE=H
rhodamine buffer, DHR 123 89 % diethylenetriamine-
penta acetic acid(DTPA) % 3-morpholinosydnonimine
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Al (Bio-TEK Instruments, Inc., Winooski, VT, USA)<l| A
B (Ex 485 nm, Em 530 nm)E =43 ATH28).

Cellular systemoflAo Z2IC|ZE AHs &

A E v % LLC-PK, cell(ATCC, Manassas, UA, USA)
S 37°C, 5% CO. incubatorol] 4] v %3} ch. vl oFel-& 100
units/mL<] penicillin-streptomycin®} 5%2] fetal bovine
serum(FBS)©] &% Dulbecco’s modified Eagal medium
(DMEM)& AF&-3lAth MEes dFYo 2~33] v gd s
o] FHA] vl st 6~7€ 74 MERESZF Hdlo) =2
412 ] phosphate buffered saline(PBS)2.2 A X E A%

3 trypsin-EDTA £9(0.05% trypsin®Z} 0.02% EDTA
Aoz Fag /‘ﬂ:ﬁg Y% 5§ AAEY st M=
oS ol & MiAe] ¥iL BBl g AErt 21T —‘-ﬂ—*}ﬂ
Z £3ete oy Foll B3¢ the A AL BAst
Ate &Foll AH-g319 Tk 248 Al LLC-PK; cell®] pas-
sage number’} 10 o] A & MEE ALE3YT}

23} &4 fak A E 7} confluence A7} HH 96 well
plated] welld 1x10" cells/mLZ seeding 3Fe] 2417+ Hlj %
gk % AkstA 2EY2E fEst] fete fEv] A EAR
< Hr}eEach = pyrogallol(Ozf generator) 1.2 mM, SIN-1
(ONOO  generator) 1 mM T3k SNP(NO generator) 1.2
mME A st FE71E ‘3”’\]733} A5k ZE# 2 St
A AZE 2417t B S F Fdo] € FEE AEE
TEEE AEste] 244t ‘3}’\] Hl| &3} S ot

AE AEE A Aolde AZes MTT 93l for-
mazans Bsh= HEE ol &t AZAEES A3
Atk & wde] B Axo WiYFHE AAST F 1 mg/mL
o] MTT &H& welloll F43t] 4413+ <t A vl &3ttt
A H formazanS dimethyl sulfoxide(DMSO)Z =4 540
nmoll X FZEE SH AZAYEES FIAT29).

Thiobarbituric acid reactive substances(TBARS)
57 7MtE e Fudoly AxEy 35 ans TBARS
o} NEAEEZ olR gtk TBARSE Chen 5(30)9] W
HE HPEAA ARSI =, vl el 800 pL2 ependorf
tubedll 231 of7]o] TBARS Al¢F 800 ulell 25% TCA 1
mL$} 1% TBA 1 mLE& 3 7}ste] 95°Coll A 2087+ 71 €8}
9\"1‘3} A2 A ‘@7-} T 800xgoll A 1587 YA ET sl
£ 532 nmolA FFEE Z3A T

fEObofg ot rSL' 01‘
zmmﬂ
1:[]0

o o 1
2AY 2o 20| YHEEBo| LWE W
20 o9 Fudole] 2B YL FA5] 95

o] 9]

o E\:ﬂ—;%]o] 100 g& A= 22E 7] (A7}, CBR-101A,
W 2 80°C, 120°C, 160°C 2
rey o] 01] 1 L(w/v)g =]

o 328 TR 24S A9 A5 $2LL FR4E
408 3 A3 T 96 well Microplate Reader(model 680,
Bio-Rad Laboratories, Hercules, CA, USA)o|A &3 %=
(415 nm)E 43 AHED).

S8

=

Fado] dFEFEEH VIR L%—% 5
in vitro B} &2 &3 vHlale Student t-testZ 3tk
LLC-PK; cellol €] pyrogallol, SNP, SIN-1¢] ¢J3] &=
ALel A 2Eg 2 7|4 &3+ one-way analysis of variance
(ANOVA)E AZs F AF & bell foldo] dd=H
Duncan’s multiple range test2 A A3} 0.05 &4

JHE AT

teEs FUEole| dey R 9l atE EEt

Fejolo] dub g 7 16.56%, &3]+ 10.25%, =
ol 16.20%, 18] 3 2A e 1.39%0] P&
Foredolo] UutAE-S 4B 933%, 23 & 10.90%, ZTH
1553% 2831 2R 159%2 JEFGTH Table 2). F-2e3

oo} 7ietee Fkalole] S TS 22t 39544 ma/e
¢} 315.33 mg/g(Table 3)2.2 7I4ES HAH F FEo] &
o &AE o (Table 2) 39 T 317% FoH o=

(p<0.05) #4= A H(Table 3).

5-HVF Bl2t 113}

Fato] G5FEE X 5-HMFE A HE A &S vhd
7IE S FEelo] d4-FEES 5-HMF 832 057 mg/e
o]AtHTable 3). 5-HMFE maillard ¥+3-¢] ?7} AREZ

o );L

& W4 F A48T Aoz AzEd e
o] B Aol o)l AT, 5-HMF FEE 1]

Table 2. Proximate composition of dried radish (DR) and

dried radish roasted with pressure (DRRP) (%)
Moisture  Crude lipid Crude protein Crude ash

DR 1656+0.30 1.39+0.08 16.20+0.52 10.25+0.06

DRRP 9.33+047° 159+0.12° 15534045 10.90+0.02"

Values are mean=+SD.
“p<0.05 by Student #test between DR and DRRP.

Table 3. Changes in free amino acid, reducing sugar and
5-hydroxymethyl-2-furfural (5-HMF) contents, and pH of
the dried radish before and after pressurized roasting

Free amino Reducing 5-HMF H
acid (mg/100 g) sugar (mg/g) (mg/g) P
DR 183.50 325.44+4.73 0 5.62+0.01
DRRP 49.80" 315.33+1.40° 0.57+7.21" 4.81+0.01"

Values are mean=+SD.

DR: dried radish, DRRP: dried radish roasted with pressure.
"Means between DR and DRRP are significantly different by
Student #test (p<0.05).
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&= ATk Maillard 98- B4 &2 Z8H4-86), F&
0] a3, 747 5o] o] =gA=LR), AW
289 T o8 7HA AgEA s vEhlle A=
53] maillard BH& S 3 =<1 5- HMFS
nitric oxide A4 A3 (32), tyrosinase #3](33), A4 <} 3=
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HF %aowhﬁa 183.5 mg/100 g©]
AL 7HEES FEdole] F frElobv =t FEFe 498
mg/100 g2 H5HE AH F < 73%7F A A H(Table
4). 7FHES 38 F 78 AASA AT ofr Ak L-
glutamic acid®2 A< 90% ©]7o] 7+A3+gtH(Table 4).
gloju = 2ke 3y 33HE o Z%—TL“’Z}E ﬂ%kOl EST
5 ghs SAATIH AE7HE A EA4E 38 5 9 s

sto] Hlaaz 2wst whgol Fojshe Aom %LE%X% At

Sugola) h

Table 4. Changes in the free amino acid contents of the dried

radish before and after pressurized roasting (mg/100 g)
Free amino acid DR DRRP
Taurine 7.90 2.50
L-Aspartic acid 1.80 0.20
L-Threonine 2.50 0.40
L-Serine 2.30 0.20
L-Glutamic acid 101.80 7.60
L-Glycine 0.80 0.20
L-Alanine 16.00 4.70
L-Valine 11.00 5.00
L-Isoleucine 7.00 3.10
L-Leucine 2.40 1.00
L-Tyrosine 1.00 0.40
L-Phenylalanine 2.10 1.30
B-Alanine 12.70 2.30
y —Aminobutyric acid 4.50 1.90
L-Lysine 1.60 1.50
1-Methyl-L-histidine 2.40 0.50
Total 183.50 49.80

DR: dried radish, DRRP: dried radish roasted with pressure.
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£ v By B E‘r\’/l%}ﬂl sl ZHbEs FERe]
FEE 2AZTHIF FFHoE EJHTable 5, p<0.001).
7hES FERolet Fude] g FEE HUFE &4
BHE ICoE ¥NsIHS o, DPPH #dZd &AAR A=
79.06%, Oy 2% S 36.73%, -OH 2A52 26.36%, 18
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ok 70~80% 7} A Z 7} AbESE Ao 2 ehY
ol gk AL & 4 JAHp<0.001). LLC-
PK; cell9] A&8-8 pyrogalloldl] &3] AAE O, o 23|
31.40%, SNPell &}3] A€ NO°l <3l 26.64%, SIN-1¢]|
o3 A= ONOO o 93] 21.00%Z ol tH(Table 6).
©]#1g LLC-PK; cell®] AlZAE L o] = 719

2 10w
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= FEdo] dFFEES Wbl i RedHe slew U
Bttt LLC-PK, cell®] AE&S FEdo] dFFEE9
A7y F=ol HlE et FrbskalaL, 53] 7HEe el
BFFEE AV AZAEELS TY HVF T=AA F
go] A5 FEE Wbl vl FoFo® =dtHp<
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R = ==Y Ax&d Read
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6 B AokH £4S FAs) Aste] AdA

Table 5. IC5y for hot water extract from dried radish (DR) or dried radish roasted with pressure (DRRP) for respective radical

scavenging
ICs0 (pg/mL)
DPPH O - OH ONOO
DR 646.70+30.81 896.10+71.29 722.26+21.62 9241+1.72
DRRP 135.45+11.20"" 566.98+26.93™" 531.84+38.75"™" 60.87+0.82"

ICs is the concentration of sample required for scavenging radical by 50%.

Values are mean=SD of triplicates.

EEE

p<0.001 by Student #test between DR and DRRP at tested radicals.
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Table 6. Protective effect of hot water extract from dried radish (DR) or dried radish roasted with pressure (DRRP) on the
cell viability of LLC-PK; damaged under oxidative stress" (Cell viability, %)

Oxidative stress induced by

Treatment (pg/mL)

0y NO ONOO™
Normal 100.00+£0.95 100.00£1.06 100.00+1.45
Pyrogallol-treated control 31.40+0.70™ — —
SNP-treated control 26.64+1.49™" —
SIN-1-treated control — 21.00+0.80""
100 39.90+2.00f 46.60+2.02° 31.55+2.32"
DR 250 5152+1.96° 53.73+1.72° 40.74+1.90°
500 65.27+157 60.87+1.31° 53.70+1.29
1000 68.73+1.84" 66.12+1.91° 67.00+£1.38"
100 51.17+0.87 51.8940.87° 38.00+£2.41%
DRRP 250 53.08+1.81¢ 61.08+1.09° 49.86+1.54°
500 67.19+1.86" 64.37+1.43" 61.11+1.46°
1000 74.94+1.38" 72.63+1.46% 71.46+0.67*

Values are mean=SD of triplicates.

YOxidative stress was induced by superoxide, nitric oxide or peroxynitrite which was generated in the treatment of pyrogallol,
sodium nitroprusside (SNP) or 3-morpholinosydnonimine (SIN-1), respectively.

"p<0.001 by Student #-test between normal and free radical generator treated control.

“"Means with different letters are significantly different by Duncan’s multiple range test (p<0.05).

52 AN AES AWEYS u, Table 7914 B uiel  (Table 7) FLo] G555 As2Ed 2 A4 &9
2ol A37de o] LLC-PK; Al 2] TBARS skl Blsj 1t = #ATS U4 5 A o]HE A rEY A AH B
84 &4 Qe 4T TBARS FEE o 400% FE = BA%T Ao A 4R S Bode] d52EE AT
fFolH oz Z7HskATHp<0.001). AHah# 2ol ofs) A4 o] mrejo] A4 FZE T W FoHoR =tk
€ TBARS $E& Fodo] 2 7jgiR e Fuao] 445
229 Aslo] o5 GoAOT 74T BAFATHP< 52 250 OE ZMEE dd¥e

005), F@ao] EE JIQHEE FLA] A5FEES 1000 Tagole] ZWEAY AHAEE A7) Aol &
ug/ml 7k Al ZE APTelA TBARS A%l A =HE H5% F @553 8ol o] 2= DPPH
ZT (e 7] AR A el Bls) 1/28 43} AT ] S A ESHS o Fig. 1oA B+ ukst

Table 7. Inhibition effect of hot water extract from dried radish (DR) or dried radish roasted with pressure (DRRP) on the
formation of thiobarbituric acid reactive substances in LLC-PK; damaged under oxidative stress”
TBARS (MDA nmol/mg protein)

Oxidative stress induced by

Treatment (pg/mL)

0y NO ONOO
Normal 0.22+0.01 0.21+0.01 0.19+0.01
Pyrogallol-treated control 0.89+0.01"" — —
SNP-treated control — 0.79+0.01"" —
SIN-1-treated control — — 0.82+0.01""
100 0.88+0.01° 0.71+0.01° 0.68+0.01°
DR 250 0.73+0.02° 0.59+0.01° 0.57+0.01°
500 0.61+0.01° 0.49+0.01° 0.43+0.01°
1000 0.49+0.01% 0.39+0.01° 0.32+0.01*
100 0.71+0. 01“ 0.67+0.01" 0.64+0.02"
DRRP 250 0.69+0.01¢ 0.53+0.01¢ 0.52+0.01¢
500 0.58+0.01° 0.49+0.01° 0.41+0.01f
1000 0.43+0.01" 0.34+0.01° 0.31+0.01"

Values are mean*=SD of triplicates.

DOxidative stress was induced by superoxide, nitric oxide or peroxynitrite which was generated in the treatment of pyrogallol,
sodium nitroprusside (SNP) or 3—-morpholinosydnonimine (SIN-1), respectively.

"p<0.001 by Student #test between normal and radical generator treated control.

*"Means with different letters are significantly different by Duncan’s multiple range test (p<0.05).
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Fig. 1. Changes in browning color and DPPH radical scav—
enging activity of hot water extract from dried radish during
roasting.

g Skt AT A e
AA] Az vl st YEST
a8y JHS Ao Fddlo] E4 FE2E57 0°CollA H
o] A FEEY 2T E A9 SAHHA gkony
DPPH &A%< 21.67% % 30.84%=
ol EF FEEY GYZ &2AT
A9 Es 3 T ALE 2HE
2 Aztdr
AA W ASAEYAE st @444 2 E4d4
o &gt jhslde & 43 Uk O = duyA AZHA
Z AAAGA N A o7 AL NO gA 3 o
o)l A nitric oxide synthase®l ¢]a] A= 11, o] & #2717}
AdtEEH ONOO & AAs) o5 & =
= AF, 9 d 9 DNAQ] 4H8) == g do] YEZ3F}
AAE B3 BAE BEESA 7]—0—§“1 MZALS Fridgh
o G A JTHEH). ol E g skt A8 {2 7] F
A& ONOO © 97t &44e] 71 Avkal d#i A Sl=H), ©f
°] NO¢}t O, Bt} Z7] wj#o|t}. o] &
3k ONOO ¢ %/‘é% =3, oF, HEY, A ARAT
T 4Y J387 B e Ao HauFHI 2 m(36,37)

11 T wu

Zo] AT = EO X7l
)

WA A D PSS i;ﬂg}_“:_ EAd=Z wo

o= T

55 9t QJTi(3R). 1A Well= , NO, ONOO ¢} %
fFel7le AAs e Pt ﬂi’*ﬁﬂﬂ EAEA 7] WE
o]yt A wmE FAL AAE AU Firs}
A wxol &St Utk E Aol #EE Fieyol
T IS TR 4 FEE sk Aay
FE718 AAL = A= F4tst 7l oz A7d

¥ OW ol 1 A S
7} a5 F
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