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Radish, The objective of this study was to investigate their physicochemical properties and antioxidant activities
Processing method, of white radish teas such as pH, color value, total polyphenol contents, total flavonoids, DPPH radical
Tea, scavenging activity, reducing power and sensory evaluation. They were processed by drying(AD), drying

Physicochemical properties,
Antioxidant activities.

and roasting(ADR), steaming and drying(SAD), and steaming, drying, and roasting(SADR). As a result,
the pH of ADR, and SADR tended to be significantly lowered and SADR was the lowest at 5.48+
0.14(p<0.001). Additionally, ADR and SADR were significantly different in color and browning value,
compared to AD and SAD. There was no significant difference in reducing sugar content depending
on processing methods. The total polyphenol content and total flavonoid content of the teas were
significantly increase after roasting. DPPH radical scavenging activity was significantly higher in ADR
and SDAR than in AD or SAD by 1.1~1.5 times(p<0.05). Compared with ADR and SADR after
roasting, the sensory characteristics of AD and SAD were significantly lower than those of roasted
ADAD and SAD, respectively. From the above results, it was concluded that the roasting process is
a major process that affects the physicochemical quality characteristics and antioxidant activities.
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XA, &g =50 F5 A3AF AEEA 77t
=02 & 4 ) vhPark, Kim, & Jang, 2009). F-2] v &5k
4-methylthio-3-trans-butenyl isothiocyanate (MTBITC)Z ©]+=
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A SEvhEel A F=
Aoh e AAF

7heE A 3le Eﬁ
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2016). S-2et @A) A= 2AATE GFOF o]
oA 3 glon, ZAgEASIE 4, B7], B3, B,

(Lee & Jung, 2013).

ole] & Aol X s -7 Estell A vt B9l
Al olSHIL Sl= 5 o1& 75 AFaA B Tk
Foll e &4 Ao 0T g hE FHS A8
st S5, Ax, Fa Al W FAE Alxske] pH, A
=, Y, FEEdE %, F Edhieol= 9%, DPPH
MR A8, B, dedAkE dAlste § ks
Bk AT AFLAEAM ] ThedE gAlste] kst

Lkl

gHol $4% FTPUES 204 Stk

2.1. M= HZE

F=20154 59 B UE nlEOA M 22 kg U9

o] 7h&el &% ﬂlfﬁ—* 5 Flste] ARgSA, At
e ’*‘df&ﬂ 94.8%, =T A 0.8%, A 0.1%, %3]
& 0.5%°] AT,

‘jx} AE AZE 98t gt =2 em FAZ A0
st 45 E O 2 vro] HAA A vrEste] Az th
A AEE 7hy 274 ek @3 UE AISAD), dx ¥
HeA2 AIS(ADR), 45 § 7113 AE(SAD), T5 F 1=
3te] H{aAE] AIE(SADR)S| 4714 W o2 A 3T
ADE 2x2x5 cm 2 AFE F 3 kg& 50T EF U Z7](0F-22
GW, Jeiotec., Korea)ol| A1 15417 A% 351t ADRS AD %
Ao g AZx3 F 250C E2~H7|JIS-EI0, Jeil Co., Ltd., Seoul,
Korea)"ﬂ*i 47 E2A 2 E shaith SADE 7S 2"

£& o] 43te] 7o) RE F 1087 =433 AD ZHOR
ﬁio}MD}. SADR SAD A& 250C 221 7](JIS-E10,
Jeil Co., Ltd., Seoul, Korea)oll A 487+ Holx A 2513
Azx7 ¢5E F5 788 3 71(SFM-555SP, 219371,
=hyoll 287 B3, 60 meshd S E3A7) B3RS F-
AN E R AT 457 AEE AX g5 SA AL
oA Wyz}sk & polyethylene bagoll B E7F3te] 4T A
W Bastaa B0 ARSIt SR AR 2 g= TF
AL AT DE ol 23 80T AFATHE, E41) 50 mLel 10
7F o] olsleh AJeled 4 AlEEMN AR

2.2. 2XO| 0515 =X EN
2.2.1. pH

pHE & Axste Axs F29 Al 10 mLE pH me-

ter(Toledo Gmbh HG53, Greifensee, Switzerland)Z =7 3} th.

222, Mg
A = = A 2} A| (Chromameter CR-200, Minolta, Tokyo, Japan)
2 A5 e, 8715 Yel= L(lightness), 44 =
Bl = a(redness), $M = UER = b(yellowness)E %Xé
sl WAl o) BAZEE v=093.6, X=0.3131, y=0.3192 th.
ZHAEE ot ¢ 4L ©]§3te] Brown IndexE LFERH XA
tH(Bal, Kar, Satya, & Naik, 2011).

- +
Bl= 100(x—0.31) - a+1.75L

0.17 5.645L +a—3.012b
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2.3. Xt ittty EM
23.1. & SNz &
= Zg¥ls g2 ge] ZAoA Folin Ciocalteu A 2F
o] ZEFEA sIHEel 9sl Yo ST rul HAS )
E}ﬂ%—t— WS o] 83 th(Kim, 2009). 0.2 mLe] F& &9
5 mL2] 1 M Folin Ciocalteu® 7]+ ¥ Ao A 387+ 1)

7he &

3% (Elisa reader, Biotex unstrument

] &F3Ath 10% NayCOs 1.0 mLE Yol A g AIZE

218k 7 710 nmoll A 53
powerwave XS, Pascalbio, Gyeonggido, Korea)S =7 3} t}.
EFEZZE 0~0.1 mg/mLe gallic acidE A}&3910H,

= Zgds %}%k% AE 1 g mg gallic acidZ YR A Th

2.3.2. 22t L0|E St

ZH o= S Jung 5(2004)2 WS WA
ZA3rth =, A5 5 mLd| 5% NaNO, 100 ¢LE H7}st
of g0l A 527 WAL $ell 10% AICL; 200 #LE 7}
3tk o] g0 1 M NaOH 1 mLE H7}3F $o] 510 nmol)
M SRS SAEN O, catechinS EFEHE AHE-aho] 2t
A3t AFFAZ FFFS AN To| FEE F dEA
SItE S FEE mgd ug catechin® = YERY T

2.3.3. DPPH ARzt A&

DPPH radical &7 52
B WA 7hhsl e Al
7] wiitel de ol&EH& WH
Yook(2014), Park(2014)<]
mM DPPH €9 0.8 mL%}
ety Al A 108 =9t
tometers ©]-23}o] 517 nmol A —ELT*
o AARHEY HAE A% 2T
2 A3t A1 2.2] DPPH radical 4
YERA At

RewH, o]
= ascorbic acid (ASA)
Ao ore Al 23

DPPH radical B
inhibition(%)

[Control Abs—Sample Abs]
Control Abs

%100

olststy A A A &4 75
234, 2" =5

382 0Zaizue] WES W =A319 00, shat

shEdd gk 3 o]0 $AHS SH3IATh 5, 73k A=

0.1 mLel 0.2 M phosphate buffer(pH 6.6) 0.25 mL<} 1%(w/v)
potassiumm ferricyanide & 0.25 mLE 7}8+ 3 50CollA 30
E7F v A AT ool 10%(w/v) trichloroacetic acid(TCA)
£ 025 mLE 713 & 1,650 x goll A 1087 QA5 2] &

}M_Dﬁ, 259 03 mLe 0.1% FeCly €9 0.05 mLE 713

% 700 nmol A FHEE SAH3AH.

2.4, Hs5L7}

HeH7te 97 AHTYHE o] &3] AASIATE H7t
Ae4E 13S 1% o8, 54 A48, 942 - st
o} ko] Hrlely, AlRE ok 30% ol4te FAVE F
I Ys A F O AEE HURIES ST AlEE 7
A TEE SAE AF 2 g& 7HEE ATFE] ¥ 80T
A4 50 mLoll 1087+ $-2 o] 1314 Folzdel 30 mLE Al
Astdth g = E Aol A7 S0l 25~354] &

o AT 30 S Ao 3t AF5H = F4E g
ot s WA, o WA, o1F o] e EAS HHEAL
A3 o3 A 8], vk AubE ol V|3 = 571K #5F
s §A4HME AAsHTh

2.5. SAEN

¥ A7) ZA 2= SAS system(Ver. 9.4, Cary NC, USA)
< o] &35t} Al s EAHEA(ANOVA)= Duncan’s multi-
Fste A53A

ple range testE

3.1. pH

22 A4S g2t Azg 212 pHE AD, SAD> ADR
> SADR © & 71 k& 7H7} 5.95+0.02, 5.94+0.01> 5.66+0.02>
5.48+0.142 YelHth H534S ARl ATl pHIF F

40 % e AT (p0.001), SHHTFE B&o] H
Z AES pHE FOIA O FarE TR FHOE B

= A Th(Fig. 1).
Park, kim#} Kim(1993) 14He] &5 2] & o]}t
2 54 WstE Aot 7ol ¢ste] 14te] pHIE Hot

AT stel ¥ AT} fAHE ARG BTG B, 7
Gelo] |5 pHel Ashi MR 2w W A A4

= AFEZ2l carbonyl compounds®] ZH&3 HE 2 £4]7]
7T & e ARt o5 A EE 14t ols A
o] 2}3L Nakabayashi2} Watanabe(1977)= H,
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Fig. 1. pH of white radish tea by different preparation
methods”).

AD, drying at 50 C for 15hr; ADR, roasting after and drying;

SAD, drying after steaming; SADR, roasting after steaming and

drying.

Y Meansstandard deviation (S.D.) of three replications (n=3).

? Data with different small letters (*"°) are significantly different

(p<0.001).

Saunder 5 9714 oFu| =4kl arginine©] T3 A FH3kod
ZyulSo)] Aojdtm g HAxp 7189 Gr)A o nAke] 7+
AEo A EH] AAET] W Fol2tal 813 =l (Saunders
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AD¢®} H]iste] SADO] L, azk> oA zel7F gl e,
batE FHORE WA S T5 T T 3Tt
astE A3E Btk Cho 520092 7ty & &%
1 pH ®stel] o3k &4 A4S ATete] F ol EAlsk=
a-amylase®] 73-F- 60T ©]’F9] 7FEA g A= &4
o] 24 A0 E BYFINE, £ A A o5id &
= 34l olste] F o] amylase £47F 52733t SAD
o] agte]l AD®} Hlwste] A S E O AY7FE STk
121} ADR¥} SADRE Ml &t3lS o ADROY| Hlste] SADR

O] Lk ZoMA AL afh folA o= wrolsom, bik
94” ﬂow UERA] ot T4 of Fhof] wE A g A
Zatdal, 7 A rite] AE Hale S5ET

o] ko] 7|8 Ao R AAHYLE AX T
A2 A E W= ADSF Hlarske] Az
A% ADR3} SADR Al&2] Lk ajh<
AL, bRt T 0 E F7heke(p<0.05)
ADS®} B 3te] o 92 3L FA o2 WA

R R

a7

=
e

£ el =
<} SAD«] AE%}% 0.7540.55Z F A|E Atolol =
Zpol7b AA( Tk T HE

AR AN a1

AEE A3 A3 AD
g A
FAS 7% ADR¥ SADRS

T

& Jervis, 1966), £ AR 5 Hol MLl el WHE 2421 7014041, 61441192 ADS} v wste] F3) AA T 4
°f Sz Gdel Mabs AURSe] AARIL §F R ot 9= no = erutip<005). ZUEE ekl BI
S F AT ¥SE Zdlste] pHYE AT Ao A7 ZFS ADR>SADR>AD>SAD 402 7}7h 15.1540.70 >
A 13.13£1.95 > 3.16+0.08 > 2.89+0.27 it} o] Fxjo] AL
A A A e vlet el Ax ¥ HeS AX FAb
3.2. M o ZErt M B Aow AL
A 345 dElste] Az Fake] A% FA2 Table 1 o]’}e] A#E mFo] B uj AHHOoR FHI} FE F
of JeRAth ADT9 L, a ¥ b 247 62.63+0.36 A2 AR Aol freolF Gk wAAIRE o] F Faol
—0.35+0.17 3 2.25+0.13°] 9ot FARe] Aol AR F A= T8 gAY, Fe
AZ A S ool mE NE 2 545 49E A3, T A gl o3 A3z A E A THp<0.05). Lee, Seog,
Table 1. Color value of white radish tea by different preparation methods"
Treatment L a b AE BI
AD 62.63+0.36* —0.35+0.17° 225+0.13° - 3.16+0.08°
ADR 61.28+0.66° —0.45+0.13% 9.10£0.37° 7.01£0.41° 15.15+0.70°
SAD 63.05+0.85" —0.50+0.16® 2.20+0.16° 0.75+0.55" 2.89+0.27°
SADR 62.23+0.95% —0.69+0.23" 8.28+1.13° 6.14+1.19° 13.13+1.95°
F value 4.17 2.53 153.20 72.35 153.03
Pr>F 0.0307 0.1068 <.0001 <.0001 <.0001

AD, drying at 50 ‘C for 15hr; ADR, roasting after and drying; SAD, drying after steaming; SADR, roasting after steaming and drying.

Y Mean + standard deviation (S.D.) of three replications (n=3).

? Data with different small letters (*™°) in a column are significantly different(p<0.05).
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Kim, Kim?} Hong(1994) 160 Coll A 220C71#] #-&

gl sto] s REFYe] AEE S5 K D%Eﬂ
obell wbe} Al o} T Mg YeEPH I FAlo] A
Aog WAHE AL Bysdi, B AT ME AD,
SAD®} Ml wate] ¥& A e]eh ADR¥ SADR®] Late]
S FAEE e batel EolE §AE A4E U

i

10 de

ol M ﬂllﬂl

e 21Tt
3.3. &Y &€

A7 TS gdelete] Axg Fape] ST $> SADR >
ADR>SAD>ADZE Z+Z} 1.96+£0.21% > 1.91£0.17% > 1.89+
008%> 1.83+0.04% 129 Table 201 YR ATE Ha &

< 71%1 ADR, SADR# Hlilsto] ¥3 FA 2521 AD9}
SADQ] AT FHeFo] A2 Aol oy BE A4t &
oA Zpol= A THp<0.001).

HEA ol EASE Al TF FEL SR A
A LG HELGO R roixy, TS 2 3
I+ #A7F A Glucose$} fructose 52 FLLE2 ofr| o
ﬂ?ﬂ Z 37 Maillard JHg-ol Todste] AR W, ¥E

21 sucrose2} maltose= &3l €35 glucosidic bond7}
7hrial Eo] el glucose$} fructose® A $HE] o] Maillard
HhSo] Fosi= AR A A A thSeog, 1987). T 0]
Maillard ¥-3-ol A Ge] 7|48 o] &=o] 719 e #& ¥
A F o] AAHJvE AFAIE] HALEo] 9\,1%11],
Park 5(1993)2 Q14+ Ul Sk ebo] 250 Coll A B8 5 1.30)
7t ZAE o o]# st A= F4F] Maillard WHE-oll 3
o] T Aw= AAFRIAL 3L, Lee %(2006)E *ﬁ’f—
o vwate] AxUHE g o Ty
sharo] 7F2slTHY Bhe] Bo g
st 7ol vehd 2 A3 v

TI# 1} Lee®} Seog(1994)2 ml&H B9 Ha 7)< &
A FEFo] Zasht Fe2 57t 3 Alke] AojdTE
el e U | ME—OHE]OJ A == ol Mail-
lard ¥H-g-ofl 93l AREE o] FrRTE Bopxitkal 3t
Rom, B AFAE 250Ce] 12 A2l 25te] &
el o5t A= AT FEFe] Maillard BES-oll A
&5 o] i”ﬂl: S EFE T B ILH—Ev'—"ﬂ AD$} ]
Ste] B3 ¥4 ¥ ADR¥ SADR U] 3G ko] =9
Aoz A 7—.‘3 ATt

Ao ofsialal

9 =47 o} 34 77
34. & B2ls YW SARO0|C Y

Yol = flavonioidsQl kaempferole] 3Hr=o] Jvtal B
wo] o, Aol ok kst vlE, flavonoidsAl A4,
phen0175ﬂ \gg uol—sk_' amine = ‘: Eﬂ—)\]—§], XI—_Q_O L}E}lﬁ“ b= ;<1
o] T FHrEo] AE ALZ g A ArH(Lee et al., 2009).
A A= et A xS %‘494 Z ZYdsE 4 &9

rol= S Table 33 Zth & ZEdE T%S ADR,
SADR > AD>SAD®| 1™ 1 %+S AD 118.64+0.96 mg/100
g, SAD 96.40+4.16 mg/100 g1, 2 54 7131 ADR
2 SADRE Z+2} 252.40+14.99 mg/100 g, 267.54+5.00 mg/100

o7 Hg A A %2 AD, SADS} HlwEte] 28] o]

fFre]Ho® S E‘r(p<0~001). T2 pHY M o] A ¥
A et o]l Ax A 5 T4 o FEEdE ¢
F S 9AHS A A stk

PR olt T F s A9S FAS ARE
Yehl =t AD7F 14.34£0.07 mg/100 g, SADE 12.28+0.41
mg/100 go] o}t ¥-2 x2] 79 ADR 2 SADRE 7H2} 2291+
0.17 mg/100 g, 28.61+0.10 mg/100 g= & ZF A& Tl A
Uebd vhel 7ol Hg - L6~2v 7t A VehiIA
(»<0.001) = 357 01] o)t 4Gk A Yeh A
o] T EYdlE S ]

i*

O

Table 3. Total polyphenol and flavonoid contents in
white radish tea by different preparation methods"

Treatment Total polyphenol Flavonoids
(mg GAE/ 100 g) (mg CE/ 100g)

AD 118.64+0.96" ? 14.34+0.07°
ADR 252.40+14.99* 22.91£0.17°
SAD 96.40+4.16° 12.28+0.41¢
SADR 267.54+7.07" 28.61+0.10°

F value 352.53 3324.37
Pr>F <.0001 <0001

AD, drying at 50 C for 15hr; ADR, roasting after and drying;

SAD, drying after steaming; SADR, roasting after steaming and

drying; GAE, gallic acid equivalents; CE, catechin equivalents.

D Meansstandard deviation (S.D.) of three replications (n=3).

? Data with different small letters (* %) in a column are signifi-
cantly different (p<0.001).

Table 2. Reducing sugar contents of white radish tea by different preparation methods

Treatment AD ADR

SAD SADR

F value Pr>F

Reducing sugar 1.8340.04 1.91+0.08

1.89+0.08

1.96+0.21 0.38 0.7689

AD, drying at 50 C for 15hr; ADR, roasting after and drying; SAD, drying after steaming; SADR, roasting after steaming and drying.
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3.6. DPPH
A 2]

245 3

Rl 2HHZ A EE} 2

—

rio
I

ke %FA sto] A|Zg F242] DPPH &% &7
98 34 A= Table 40 JeRH At

Kang 5(1996)2 Z A} 5-©] phenolic acid®} flavonoids
2 71t wlEd B tist g4kt 2] AREA, o] EF
S o] & AdFF AAagolsol uhil s,
DPPH &tz 2753 S48 = E9 =354 flavonoids
SHeFoll A 9 o] EF 223t ADRF SDARONA 9] 42
2 52 A2Z YEluth(p<0.05). A2 +¥ DPPH ziujZt
25 ADS] 734 13.6840.92%01 A 2 F4 F ADR
2 33.0124.07%, SADR- 29.5743.14%% AD ZET 1.1~

rlot ol
Jm

Table 4. DPPH radical scavenging abilities and redu-
cing power of white radish tea by different preparation
methods”

Treat-  DPPH radical scavenging ability Reducing power

ment (%) (OD1go)
AD 13.68+0.92" 2 1.3340.01°
ADR 33.01+4.07* 1.84+0.08*
SAD 4.01£0.19° 0.85+0.03°
SADR 29.57+3.14° 1.77+0.14°
Vit C 30.48+0.12 1.15+0.02

F value 81.58 102.42

Pr>F <.0001 <.0001

AD, drying at 50°C for 15hr; ADR, roasting after and drying; SAD,

drying after steaming; SADR, roasting after steaming and drying.

Y Meansstandard deviation (S.D.) of three replications (n=3).

? Data with different small letters (") in a column are signifi-
cantly different(p<0.001).

SCEhll

154 o] o] S7kek Ao g SAHUT g 1% A S5
12| gk SADS] DPPH |z &7 €A% ADHE T B2 4.01+
0.19% = Ml AT+ T 7P B2 7= YR len, ADR
3} SADRE] 7ol = SADR®] W2 7hS yvehfo] Ax A
%4 Al DPPH 2tz &A @48 a7 e Ao
F5E U

gk, gaksh 2hg-9] o8 7kA] WAYS %OM g at
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Park, & Lee, 2011).

AT S92 ADO] A9 1.3320.01%C1 0 M, Fra
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Park 5(1993)2 250 Coll A B-& A2l A FEE2] 7
- TJJZ?Q} H 3 ate] 4,58 o]4He] DPPH 24 A7 %S
ZH=tha 81913, Song S(2010)% FEE o)l kg B
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B FHEe] dFFEEY] 2AZH) FAHE £
o, ole| gk ol fr FEgoldl FRE FaPEC] Tt e
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o] & zolE YERN A 2%k o, ADRY} SADRS EE &
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Table 5. Sensory attribute difference test of white radish tea by different preparation methods

Treatment AD ADR SAD SADR F value Pr>F
Color 1.83+0.41° 7.50+1.22° 1.67+0.52° 7.3340.52° 116.87 <0001
Roasted smell 5.67+1.75° 8.17+0.75" 3.67+0.82° 7.33+0.82° 48.9 <.0001
Sweet smell 2.33+0.52% 6.33+1.03* 1.83+0.75 5.67+0.82° 19.09 <.0001
Roasted favour 4.17+0.98 7.83+0.75 3.00+0.89° 7.50+1.05 46.58 <.0001
Sweet taste 2.50+0.55° 6.33+1.03* 1.83+0.75 5.67+0.82° 40.57 <0001
Off favour 2.1740.75 2.50+0.55 1.67+0.52° 2.50+0.55° 2.60 0.0808

AD, drying at 50°C for 15hr; ADR, roasting after and drying; SAD, drying after steaming; SADR, roasting after steaming and drying.
Y Meansstandard deviation (S.D.) of three replications (n=3).
? Data with different small letters (*™°) in a row are significantly different (p<0.001).

of o] AHFH 71ZEA FoA] TS A= A 4, QOF 9l A=
RIS ATHp<0.05). THERE F-2po] #5500 F23 o
Fs WA= T AN FHFoE ATHA B ApoMs EEHAXAD), AE F ES(ADR), 45
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Fig. 2. Sensory evaluation of white radish tea by
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