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ABSTRACT

This study was conducted to investigate the content of polyphenol compounds, total flavonoids, dietary fiber, iron and the
antioxidant activities of radish leaf (Raphanus sativus L.) extracts. A functional beverage was developed using radish leaf
extracts and was prepared using water extraction with various organic acids (acetic acid, lactic acid, citric acid, tartaric acid).
The phenolic compounds, total flavonoids, and dietary fiber content of the extracts using citric acid were higher than those
of the other extracts. The DPPH radical scavenging activities of the radish leaf extract increased significantly when treated
with organic acids, in the following order: Radish extract with citric acid > radish extract with tartaric acid > radish extract
with lactic acid > radish extract with acetic acid > Control. ABTS and SOD radical scavenging assays also showed similar
patterns. The overall acceptance test showed that the flavor and taste of BR2 (beverage made with 2% radish extract) and
BR3 (beverage made with 3% radish extract) were significantly higher than those of BR4 (beverage made with 4% radish
extract) and BRS (beverage made with 5% radish extract). The most acceptable beverage formulation developed was 3% radish
leaves extract, 1.5% fructose, and 1.5% allulose. Through these results, this study highlights the potential of extracts of radish

leaves as substitute functional beverage materials.
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1. 88 F5= M=

2 AE 98 AFA Gl e thYUF=(Dawon Food
Service Co., Cheongju, Korea)ZFE 3 (Raphanus sativus
L) TYste] Abgstdth 73 FE25 A2 A8l AFH
$ -20C o]stellA WE A4t FHE 10TAA e, &
3 & 55T R 2A3 1%7)(LD-918TH, L’EQUIP, Korea)
of| Al 12A4]7F FF ¥ AT o] F AxH ARE &
3 71(FM-681, Hanil, Haman, Korea)% 3%t ¥41(100 mesh)
sha, Bd B2l 208 sl dsh= distilled waterE 715k
o] 100CNA 6A17t Bt EF FEIATHHZ=T). €5 F
= A 2 HER P f84E 75 e Eo7]
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Code 2021) 9] &4 TFHE AMSsl] B4t 1=
| 7 F=d ARE FHIeka, ol & WEA a-obdEtelA
(Sigma-Aldrich Co., St. Louis, MO, USA), Z=ZH|o}A]|
(Sigma-Aldrich Co.), °}2 22 F A tHA|(Sigma-Aldrich Co.)
= A%dow Pasle] HET A S A7 Aol
2 FZ7X|(CSF6, Youngjin Co., Gunpo, Korea)S ©|838
of AafdEel =ot e AolHdFE detE® Ay F A
AAIA oAZstar, o223 ol Ee® A, Axste] 1
FAE skt

H(Fe) e 2]FFH(KFDA Food Code 2021)el4 A
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Uppsala, Sweden)Z =74 3}31th

A

=

5]

2Hs ¥ & E2tE0l=
% Z29s IS Folin-Denis WHo2 =2A39ith
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9] 20% Na,CO; &5 71381t o] E3td-& 6073 B A
3k & 13353 Al (Ultrospec 2100pro, Biochrom Ltd.)S AMg-
sted 725 nmollA B EE S5 oH, EFFA S gallic
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4. DPPH Radical &M &%

DPPH radical 2424 =% 1,1-diphenyl-2-picrylhydra-
zyl(DPPH)| Sl o] &3l SA3IATE =, A= 05
mLol 4 x 10 * M DPPH-&9%(99.9% ethyl alcoholol] &3l 5
mLE T3t A2oA 15870 g7l v g =
Al(Ultraspec 2100pro, Biochrom Ltd.)& ©]83}e] 517 nm
AA FF=E %3 th DPPH radical 2AZAE L F&
o] H7F A} Fo] Ao| & o} o] WEER YER)
AT
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DPPH radical scavenging activity(%) =

(1— Sample absorbance)
Controlabsorbance

100

5. ABTS Radical &~7{&M &3

ABTS radical 2272/ d(Roberta R 5 1999)2 7.4 mM
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonicacid)(ABTS,
Sigma-Aldrich Co., St. Louis, MO, USA) 2 2.45 mM pota-
ssium persulfateE E33te] 15T haollA] 24417t Bt W
Aste] ABTS' SUlng FHetes sdrk F4= 4ol
0.70£0.02(734 nm)©| ¥ == phosphate buffer saline(PBS, pH
74He 2 Ao, 3AH &b 180 uLoll ¥4 FEH 20 uL
S ool 6027 WHEAIZ F 732 nmellM FFE=E 57
3lo] ABTS radical 2278412 A4

ABTS radical scavenging activity(%) =

(1— Sample absorbance )

X
Controlabsorbance 100

6. Superoxide Radical 7= &3

Superoxide radical 2274 E/J2 Nishikimi M 5(1972)2]
Wil whel o33t #Zo] SHsiith FAFEA A8 500
uLell 0.1 M Tris-HCl €Z-&9(pH 8.5) 100 uL 100 uM
phenazine methosulfate(PMS) 200 pLE M2 &3ske] 13}
HES-A1Z1 F, 500 uM nitroblue tetrazolium(NBT) 200 pL<}
500 uM NADH 400 pLZ H7}atar, ALo]A 102 <tk 24}
WS A Y, E3353 = A (Ultraspec 2100pro, Amersham Co.)
£ o] &3t 560 nmolA FFEE S T ofgjol 2ol
AlLrstsi ek

Superoxide radical scavenging activity(%) =

( Sample absorbance )

— <
Controlabsorbance 100

7. ORAC(Oxygen Radical Absorbance Capacity)
e

ORAC =32 Talcott ST & Lee JH(2002)7} 24 =4 &
ool AHEE WS S8tk Al AlEE phosphate
buffer(61.6:38.9, v/v, 0.75 M K,HPO4 and 0.75 M NaH,POy)
2 Ahgdtglon], BY F0E e dte] vim E2
© = Trolox(Water soluble analogue of vitamin E, 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid, Sigma-Aldrich
Co., St. Louis, MO, USA) 10 uLZ- phosphate bufferol] -8-3l| 3}
o] 2| z3l e} #-41717]1% Multilabel Plate Readers(VICTOR?,
PerkinElmer, Inc., Waltham, MA, USA)E A}&-3}%3
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A FEES o] &3 SRS AZdUTE A FEI e
A =5 BT 1%, 2%, 3%, 4%, 5% Hl&=2 H7Fesl

A

3, BAEEA 8] F=(63 °Brix, Esfood Co. Gunpo,
Korea) 2%, t5 FZY(70 °Brix, Esfood Co.) 1%% &35}
of AREEITE o37]o] H7MA|ZA citric acid(Esfood Co.)
0.1%, cyclodextrin(Esfood Co.) 1%, H|EF C(Esfood Co.)
0.05%% kst om, 7AnE 918l A/d2td(Esfood Co.)T}
LEZ @ ~~(Samyang Co., Seoul, Korea)S 715l % &
2E Azt
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74 FE2E59] 4 g 9 I/ A4S el 559 7]
3% 3rte ARt R A8 58 Ax Al 2
AHEE = HE T Ok g 7 GER A 1
&5 2ulsk] Hrleidith dER e aE e o ddA =
dHA glemw, oe] Ael4 7]5o] BuEa glof(Hayashi
N 5 2010; Young MK 5 2016) T3 552 A& 71
e AEsATh

712% H7ke T 184 o]de] A7 49l 30%H S
doz 7|BAAEEEAYse] SAMRBSRIMSE: ABNOI-
202101-HR-003)< Wrolr] Zastsint. Hrhd e xSl Al
B7HEat Al #ed FAEA, e a5 & A
Aletsith HEEoAE &8 A8E 15TE 2438k, 100
mLA ele] 3ze] AR BAIE S Fo|F e Hol A ¥
stk Al8e] & AT Almef AR Ateldd Yt A=
A A220420)0 AF= A Holl ol A8t &
SH7F R AT 053X A 4A] Atoldl] AAISHR o,
H7F Al HIELS AAIE A RE gtH 3 7h7ke] A]Rof| gt
A Zm], Bt 227 ANkEQl Vs Tl disked 94 A=

H(1=extremely dislike, 9=extremely like)2- & 3 7}5} T}
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AQANE 38 B AW S P F ARz
ERH S 32, SPSS(version 20.0, IBM Co., Armonk, NY, USA)
£ o]&3te] BAEA(ANOVAYS AAlEk R, Aled 3%
Hzk2 929 (p<0.05)2 Duncan’s multiple range testZ=
Attt
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BRelN F29E fEARS FFE Fol7] S8 77
A F DAYt FRFEAE 418 W F
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G 35 AFo| =33 pHE Table 13} 2t} 53 A pH
2] 9= 3.54~5.792] N oM, tartaric acid} citric acid
2 7K B3 3599 pHE 217} 3.54, 3.622 UERsiTh
g4 F= F pH %‘.ﬂ%’%f 3.52~5.122 Srolrl A8 Folsty]
o, 7 pH7} @2 AL tartaric acid2 YEG oM, T

O = citric a01d lactic acid, acetic acid <=°]1t}.
F28 FAFEE Aol df 2 F &2 Table 29 2
oh. 2ol e it vt frlAkE AR &
EoA BT {8 o o YERNATE 53] citric
acid& A3 FEENA 103.9 mg/gl 2, Lol v
35.9% =& = UERQITE ARt o e AE
ZAS ¢ =& e Aer dEA 9o (Waterman
PG & Mole S 1994), £ A gox d4= 2 {7)4k T4 A2

Egﬂ Hi} 5gA0z Aol e §EsY 4 e

aT= 1
golstt. w3t A 3RS tartaric acid, citric acid, lactic

o7 o 61—

Table 1. Changes of pH depending on processing
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acid Aol A 2w E o =2 ghs UERIR1 AL, acetic
acid A& URTFHET e g Hglon, dAgow
frelHel Aol vehbA] gtk

hydroxym";’ 7R 2 ek Oli sl
7 Ajtste A4S ]‘4—’ Rnow, ks
ZE=th(Kim HJ 5 2000). % ]9 2 a) vl
3ol acetic acidE 3713 %%q]’ﬂ fre] 2 Q1 ztel 7L §1
o, citric acid, lactic acid 2! tartaric acidE 3713 A&
MM feoldoz =i Jehtom, E3] citric acid A7t
ANA 224 mg/gS 2 TP ko] #& A RIS F

pH of solution Water Aecetic acid Citric acid Lactic acid Tartaric acid
Before hydrothermal extraction 5.79+0.02*) 4.19+0.03° 3.62+0.03° 3.85+0.02° 3.54+0.01¢
After hydrothermal extraction 5.12:0.03N? 4.3120.02M 3.60+0.03™ 3.88+0.02" 3.52+0.03™
Y Means+S.D. (n=3) in a row followed by letter are significantly different by Duncan’s multiple range test (p<0.05).
2 NS not significant.
Table 2. Dietary fiber and Fe contents of radish extracts
Samples Control RAV RC? RLY RTY
Dietary fiber (mg/g) 76.4+0.05%) 82.7+0.02% 103.9+0.05 91.4+0.11%® 100.8+0.05°
Fe (mg/100g) 4.48+0.03" 4.39+0.05° 4.5140.06° 4.5240.08" 4.56+0.02°
Y RA: radish extract with acetic acid.
? RC: radish extract with citric acid.
? RL: radish extract with lactic acid.
9 RT: radish extract with tartaric acid.
% Means£S.D. (n=3) in a row followed by letter are significantly different by Duncan’s multiple range test (p<0.05).
Table 3. Total phenol and flavonoid contents of radish extracts
Control RA" RC” RLY RTY
Total phenol contents 19.8£0.05"° 19.7+0.42° 22.440.09° 20.4£0.11° 21.8£0.17°
(mg GAE/g)
Total fl i
otal flavonoid contents 18.540.03" 18.840.16° 20.8+0.06" 19.240.13* 20.6+0.04°

(mg RU/100g)

Y RA: radish extract with acetic acid.
9 RC: radish extract with citric acid.
9 RL: radish extract with lactic acid.
Y RT: radish extract with tartaric acid.

% MeansS.D. (n=3) in a row followed by letter are significantly different by Duncan’s multiple range test (p<0.05).



254 A -

. 1o
iy
o
il
inj
i
rlo

o
o
tlo
W
i
=
32
&=
i
e
N

sl
|o
fu
(e
av
i
£
5y
r?L'
e
-4
g
o
r,
il
fru
o,
o

v, A, 22uke], Alo]X], AtEe], WE|gF Fof
AelE g 23, AR R F FeluE el SR
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3. gitst 2y

A FZHo] DPPH radical 22424, ABTS radical 27
2, superoxide radical 224 &% 2 ORAC assay+= Table 4
o} k&gl it B F HEFEES ST
kst EE 7R3 glen, o] A gzl K sE
FE=8 4 A& phenol ringol] &3 Aoz Huyo] 3t}
(Middleton E & Kandaswami C 1994). DPPH radical £~A %
A& citric acid 7} FEENA 304% 2 7MY =& EHS
Vel o, T3 2 tartaric acid 7oA 28.8% %2 T
Zx 3t Hlwate] folA o R B D45 ERIsISith ABTS
radical AL 26.1%~27.8%2] BE HYo), BE
A Fol| A FoldQl ztol= gle A2 Ve ABTS
= ol goZ@=2A, A 2ftZ <] DPPHS} 2to] 7} v,
grtsl B4 wel T eft) el Agsle] A Az T ol
ztol 7} Uz Aoz defA] thWang MF 5 1998). 12|11

R
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) S e ST 7
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superoxide radical A~7&/d-E citric acid, tartaric acid

lactic acid 25 T2 2 Ao =4 Yeigon, =&
Z&rjolA 715t M TS B3l ol TS
gQI3FtE ORAC assay+ acetic acid *]2]TollA = ti =
I Hlmate] folAQl Aolzp yepR] Fkonv, 1 ¢
citric acid, lactic acid, tartaric acid *]&]F-o & 25 F2lF
o7 =2 Z3S Btk Park SM & Lee SC(2009)2] A+
M= A FE2E A=A F714t Ael5] DPPH %
SOD radical 227 87d¢] S7Fehe Hagh vt Slv} & A5
ol| A &= citric acid, lactic acid, tartaric acid A&7} 4 F=
o] gibsl e S7MTE Ao E UEon, ol &
715 AA R E B8l T4 e kst E2EC] frElE o

kst dE ST Aoz Addr.

fl o v w2
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74 FE299 1 wighE dFs] g8 FE29=
0%, 1%, 2%, 3%, 4%, 5% FE=2 F7}slaL, o7l FA=
23 & S5 5 Azt 71E=E Hrke A3 Table 59
2ot AL 2T 1% H7be vla] 2% o HrHEle
uj 7|E%=7) Eolatt a8a Fvleh uhe 2w vlwsk
o 1%, 2%, 3% A7HES W Foldos =& Ao = Yehd
O, 4% o ellA= e3]E ATt BolAle Ao R gl
HAEH, ol FH /<] Fnlet glo] Aald A§ AR
Zrol A717] W& Ao g waw et ek F3H <l 75
TN E 2%, 3% H7FE w7t & Alsel vlE 7]|E%=rt
= vJehY, S8 Al Al FAFEAL 3% o|st= A
7FeteE o] viggl Aoz A ik

T 259 7IZEE AT S SR AR S #lsh
SEAZE Al F2 AMEE = AT tekdt A e

b

Table 4. DPPH radical scavenging activity, ABTS radical scavenging activity, superoxide radical scavenging activity and

ORAC assay of radish extracts

Samples Control RAY RC? RLY RTY
DPPH radical scavenging activity (%) 22.8+0.05) 24.4+0.02° 30.4+0.09° 25.4+0.11° 28.840.15°
ABTS radical scavenging activity (%) 27.5+0.03"%9 27.8+0.13% 26.1+0.06™ 26.9+0.13% 26.4+0.04™
Superoxide radical scavenging 14.840.05" 16.50.04% 21.4+0.09° 16.4+0.01° 19.840.07°
activity (%)
ORAC (trolox uM/g FW) 182.5+0.03" 188.8+0.08° 208.4+0.06° 192.5+0.02° 211.8+0.04°

D RA: radish extract with acetic acid.
9 RC: radish extract with citric acid.
9 RL: radish extract with lactic acid.
Y RT: radish extract with tartaric acid.

® MeansS.D. (n=3) in a row followed by different letter are significantly different by Duncan’s multiple range test (p<0.05).

8 NS . not significant.



31(4): 250~257 (2021) T3 FE2E A 24 3 25 Az 255
Table 5. Sensory evaluation of beverages added with different levels of radish extracts
Samples BROY BR1? BR2Y BR3" BR4” BR5®
Color 6.88+0.28"" 7.09+0.53° 7.2620.09° 7.24+0.13* 7.44+0.54" 7.38+0.44°
Flavor 6.15+0.08" 6.30+0.83" 6.55+0.08" 6.48+0.55" 6.16+0.36" 5.78+0.06°
Taste 6.55+0.45" 6.64+0.55" 6.59+0.84" 6.60+0.04" 6.3840.63" 6.16+0.08"
Overall acceptability 6.51+0.25" 6.59+£0.07* 6.56+0.05" 6.64+0.05" 6.50+0.24" 6.26+0.52°
Y BRO: Beverage made without radish extract.
? BRI: Beverage made with 1% radish extract substitution for water.
) BR2: Beverage made with 2% radish extract substitution for water.
9 BR3: Beverage made with 3% radish extract substitution for water.
% BR4: Beverage made with 4% radish extract substitution for water.
5 BR5: Beverage made with 5% radish extract substitution for water.

MeanstS.D. (n=3) in a row followed by same letter are not

significantly different by Duncan’s multiple range test (p<0.05).

S 7R GER Q0 HIES PE3le] V|ERE U A 3.54~5.79, 3.52~5.122 YERTE FAFEES] Aol
F Table 63} Ath A3 Frlo|qE BE ARolN fol  FAE A71ALS AP FERAN BF folHom B
Q1 Aol YEhA] ke sk vkt A AR 7se S UEhglen, 53 citric acidE A2]dE w 103.9
A G DEZ AT A2t 15%A WD RBS  mygo thael vlal 359% H& G Uehhalh 5 E
]/\1 7}XWF A7t Bkon, 57 Q0 A shafo] I slakR s 2 & ZelHweole S citric acid, lactic acid 2
£ RB4, RB5OIM & A7} 9_:6134 frelg oz vlolx] tartaric acidS F 718 AlgoA FelHog =2 A8 <l
= 34\% RISt o] & B3l T4 SRl dERES AT 3191t} DPPH radical 2784, superoxide radical 22724
AT} ko] vlE o|stZ Hrlske Aol P Ajgh 9 ORAC assay= fr714hs 71 Al RollA] &Ado] ke
A& 2l W, 53] citric acid 7} FEEAA 7HE & 245 Ve
Wleh B &= A% A BFEAS 3% o5 W7H
2 o < W 71BEs} Bgow, QNG FEResE 27
L5%H HARE W b 1580t $sc,
B AN E BRA TR S o §3ko] 71 FRE 3
289 Axsln, 74 FEA0 F848 FUHEHS ZtAle] 2
Ml etk £ P 39 gf aF A,
7= s Hrtslith 74 = A5 pHO Hele A4 o] mRe HFURA LA Fe| A o] d7H] XY o3|
Table 6. Sensory evaluation of radish beverages added with refined levels of fructose and allulose contents
Samples RB1Y RB2? RB3? RB4Y RB5”
Color 7.01:£0.12"% 6.92+0.25" 7.12+0.43" 7.05+0.06™ 7.02+0.22"
Flavor 6.29+0.64" 6.24+0.07" 6.43+0.12"° 6.45+0.14™ 6.38+0.04"°
Taste 6.710.04" 6.78+0.08* 6.78+0.08" 6.64+0.04* 6.31+0.05°
Overall acceptability 6.57+0.15* 6.62+£0.16" 6.71£0.11* 6.59+0.05% 6.36£0.15
Y RBI: Radish beverage was added with 3% fructose.
? RB2: Radish beverage was added with 2% fructose and 1% allulose.
) RB3: Radish beverage was added with 1.5% fructose and 1.5% allulose.
¥ RB4: Radish beverage was added with 1% fructose and 2% allulose.
> RB5: Radish beverage was added with 3% allulose.

6)
7

NS . not significant.

Means+S.D. (n=3) in a row followed by different letter are significantly different by Duncan’s multiple range test (»p<0.05).
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