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ABSTRACT

The extracts of aronia (Aronia melanocarpa) fruits grown in Korea were prepared with hot water and ethanol. The functional
compounds, antioxidant activity, and cytotoxicity of the ethanol extract from aronia fruit (EA) and the water extract from
aronia fruit (WA) were analyzed. The contents of total polyphenol, total flavonoid, and total vitamin C of EA were
significantly higher than those of WA. In the analysis of phenolic compounds using an HPLC, the rutin contents of EA and
WA were 90.59 mg/100 g and 72.54 mg/100 g, respectively. The antioxidant activity was evaluated by DPPH and ABTS
radical scavenging activity analysis and FRAP assay. EA showed a significantly higher antioxidant activity than WA in all
three analyses. The cytotoxicity to human lung cancer cells (A549) was analyzed using SRB assay. As a result of the SRB
assay, the cytotoxicity of EA and WA to A549 cells at a concentration of 500 pg/mL was 68.99% and 54.25%, respectively,
indicating that both EA and WA have high cytotoxicity to A549 cells. Therefore, the biological activity of aronia fruit extracts
was verified through this study, and these extracts are expected to be used as functional food materials.
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d o= reotH, o]& Q& ¢,
w3l FrtEs BE9, dsvhs, SS9 AR 3

H ATshd A, 7 E A S v A S T o #Z2 A AEs etz deEid o
o= Qla sWAdsk ndSt IR, o 22 oA 7 (Halliwell B & Gutteridge JMC 1984; Wiseman H 1996). ©|
gl e W o] Frletal itk ol & sl F-Ah-go] Ao gk Ao AT AbslabgS WAIsk] el Al
WA g0 of el B3R AAEAd gk #ilo] F7t Aola kst o] $-gk 3 IAESHA|Ql BHA(butylated

3} ATHLim SJ & Kim SH 2001). AFAaE Aol Lo hydroxyanisole) 2} BHT(butylated hydroxytoluene) 5°] A=
e ol|A] tiAbell Aol A, AR Atas Al of AHEE 3 Qo B HASEAY el S EAE AT
FEFS 7|2 GAAAAR ASHTHLee SO 5 2005). 4 o] xﬂ o] Azter 2289 2o 4= gt} wlebr] diakalE o]
2F22F(Reactive Oxygen Species; ROS)2 &, z1e]A & &2 satm =43} Bxkgo] 93lo] AL uleh C, H]EHM E,
A 2]l ARl a]l, A B BRI 22 A -4-0]E71]U] 2 (phytochemical)?1 Z2] 3= (polyphenols), Z}t
W AeldiAbel o8l A=, 11 FFE+ hydroxyl raideal, H o] =(flavonoids) 3}3E2 22 AA AsHAIE TRt
hypochlorite, superoxide radical, singlet oxygen 5°] SITh HAEA ] 3k AFr} &its] o] Fojx|a Atk Williams

(Bohr VA 2002). o]&]3 &4tage 184 AlE AEE GM 5 1990).
I GA wresle] Akd ~EY A HS 2AISHa, T ol2UYoKdronia melanocarpa)+ Eop|g]7ollA 2}AY 35}

£ A &ate dg#Eo] wg]FolthWu X 5 2004).
* Coesponding author : Meera Kim, Tel: +82-53-950-6233, Fax: 1 °tZyol @rle] 48}t &4 (Bermudez-Soto MI &
+82-53-950-6229, E-mail: meerak@knu.ac.kr Tomas-Barberan FA 2004), 3¢} &/ (Lala G & 2006), 34



https://crossmark.crossref.org/dialog/?doi=10.17495/easdl.2021.6.31.3.163&domain=http://easdl.org/&uri_scheme=http:&cm_version=v1.5

164 A5 - vhula] - 02}

% Z4J(Ohgami K 5 2005), &d%= A (Badescu M 5
2014), W24 7] (Gasiorowski K 5 2000) & A2|&Ad
I Add AgE5o] Es] FPE e, ofZ ol Gufel
SEA I 2 FEjvE S9tE, et ieolE 59
o] tjgF dhauo] Slttn HuEATHOszmianski J &
Wojdylo A 2005). =3}, Kang AR 5(2018)2 | ~EZAS
AFAZ FoAA ol2Yo} FEES Fode o Adr] F
Fo] JAE AT AL Bk, Ju SY 5(2019)2 ol=Y
of FE8o| dF A ZHzHZFe &% FFE A%
3 Huste] of2Uolrt thekgt AelddEs 7 Uae
HolFQlrh

wEbA] 2 AFeA = FuUiAl ofZ2 Yo dujjo] ksl &
g 2 Aol tigh Al 2= Z2HE g1 flste] ot
Yol GullE G5 9 70% e-&2 FE31 FE279] 7T

A A48Q) e, & Sehiol=,  vlehl col g

ox

o ol

< X383 3L, high performance liquid chromatography(HPLC)
£ &l Ed shekeel s SYsislen, st 44
< gl3l7] 98) 2,2-diphenyl-1picrylhydrazyl(DPPH) 2}tz

2A%, 2,2'-amino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt(ABTS) 2}t]Z &7, ferric reducing anti-
oxidant power(FRAP) assayS =7 3}51aL, A549(Q1A| #H -
Ayl gt NEE4E =7335H7] 918ke] sulforhodamine B
(SRB) assayE AAISH3ATh

T

FEH

S ERET

0

1
B A A AFEE ol 2o} duljE 20194 $-2lviet 4
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B el Faa A Tste] A&,

2. Al

23] o] 28" DPPH, ABTS, dimethyl sulfoxide(DMSO),
L-ascorbic acid, Folin-Ciocalteu’s phenol reagent, gallic acid,
quercetin Sigma Chemical Co.(USA)olA F43}% o,
fetal bovine serum(FBS), penicillin-streptomycin solution,
0.25% trypsin EDTA solution< Gibco BRL(USA)°|A +<]
}A T} Dulbecco’s modified eagle’s minimal essential medi-
um(DMEM/High glucose) Hyclone Co.(USA)°A T3}
o] AHESFA

3. O2ZL{0} ol FE&&= A=

of2Uol Au| & & FHFE FEIIACE e
FZE(EA)S ol2Y o} duf 80 gol] 70% ol EHS 400 mLE
7¥skar, 25 Coll A 12412 B9t wHksle] 23] vHE &3 o

) S e ST 7

= H
(Eyela, Tokyo Rikakikai Co, Japan)2 &=3}1L 52
(VD-400F, TAITEC Co, Japan)® S27%3lo] 2%
o} 3 A4 FEE(WA)S of2Y o} dnj 80 goll =
400 mLZ 713 5 geaxoA 60T S f28HHA] 124]
&<t 23] WHE 353 vk, AR R gt & e
2 &3y, AR R Axsld] Azagth AxE F

—18CoA W% Bl A A18319

7]
7]

Ju ok A off

Ny xR P A

4. & E2|H

ol Yol dnl| FE5E2]| & E2|ds &F2 Folin-Ciocal-
teu(FC)H ol whe}l #2931 tSingleton VL & Rossi JA 1965).
ol2Yo} F&E | mLoll /< 5 mL, Folin-Ciocalteu A]2F
0.5 mLE 7kl wkate] Z3Hslet 82 F 7% NaCO; 10
mLE F7lelil, SHRTFE 98 25 mLE 9 U g2
oA 2AI1ZE FRF HFX|Skal, UV/visible spectrophotometer
(UV-1800, Shimadzu, Japan)E ©]-83}%] 750 nmollA 3=
£ Z435th & s §9F2 gllic acidE ZTEEE
HEFFA S 2APdete] Faislch 33] vbEsto] S48k, ¢
2 gallic acid mgd#(mg GAE/g)C. 2 JeERAATH

o U
0
0!

5 & E8lEolE B =Y

ol2yo} gGuf] FEE9| F ZtE 0| TS Moreno
MI 5(2000)2] *H S o]-&ste] STt 7F Al= 0.5 mL
ol 10% aluminum nitrate 1 mL, 1 M potassium acetate 0.1
mL} 80% ©llEhe 4.3 mLE &3 thi 402 53t U
A W28k & UV/visible spectrophotometer® ©]-83ke] 510
mmelA FFEE S5 T SEtEolE T
querceting ETEA R AFFAE AAste] Fetdit 33]
HkEsle] S35 ¢ quercetin mg@®H(mg QE/g) o2

ehglc

6. zg_ |:|||_:_|.|:1|_| C Szt §I-I

Ao o

ofZYo} dulf FE=F9| F H|E C FF HEFFTX
gk 2

O

(Ministry of Food and Drug Safety, 2020)°4] 1LA] A-
dinitrophenyl hydrazine(DNPH)& ©]-&3+ FJHgHoz =%
kAt A& 2 g3 metaphosphoric acid-acetic acidE 1:19]
Hl-&2 39 thS, &2 metaphosphoric acid-acetic acid
100 mLol| =<1 & 4l &Ee]ste] A3S Hekioh 43
2 mLe| indophenol &8 2~3%g "ol H o] JE}
WAl 3kal, metaphosphoric acid thiourea 2 mL 7}3F o}
DNPH 1 mLE 7}t 3A13F E<F 37T FezolA ik
AT ¥ F, A EA YA 7IHA] 85% HySO4 5 mL
£ A3 7hetal, 308 FRF AedA] WA v uv/
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visible spectrophotometerE ©]-83}o] 520 nmel A FF=
Sttt 33] W A 6kel i, L-ascorbic acidE #5
A2 HAFgdS st AR 5 F HEN C §9S

st

it

=

7. H=M 3¢gHE9 HPLC £4

olz o}l dnf] &5 3gH =4 I3Ee HET 7
He g9 o= B9R
cetin & caffeic acidE HPLC(Prominence, Shimadzu, Japan)
& o] &ste] BASIGT okrYol Av| FEES THRTE
3|3k 3 0.45 pm syringe filter 2 ©3}-5}o] Table 12] 71
2 B3} o™, Shimadzu Class-VP version 6.14 SP1
Holel g 3 2 FAsr

Q1 gallic acid, rutin, myricetin, quer-

o op

software

8. DPPH 2iCiZt 275 =7
olZuo} &nj FZE°| DPPH HuZ
MS(1958)8] WS o ale] 2 eleih
mLe] 7.5 x 10°5 M DPPH £ 2 mLE &3tal1, 3770 A]
3083 WXk T 517 nmeol| 4] UV/visible spectrophotometer
£ o]&35ty] FTHEE =43Pt Ul 2T O E L-ascorbic
acid& AH&-SF31 3L, DPPH 2tz 4o 2442 oo A&
olested MB-G JehAZLEH, 33 W 2ok A

o2 YEPIA AL, ICso= T3t

2A S Blois
=5

AR ]

Table 1. The conditions for HPLC analysis of phenolic
compounds in aronia fruit extracts

Items Conditions

Instrument Prominence

Phenomenex C18 RP column

Column (5 um, 250 x 4.6 mm)
Column temperature 30C
Flow rate 1 mL/min
Injection volume 10 puL

265 nm Gallic acid
Wavelength 320 nm Caffeic acid
370 nm  Rutin, myricetin, quercetin
Time (min) A (%) B (%)
0 75 15
Gradient condition 1 » 15
20 50 50
35 30 70
50 0 100

. A: 2% acetic acid in water
Mobile phase ) o
B: 2% acetic acid in methanol

e
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9. ABTS 2iC|Z AHs £H

oo}l drjl &5 ABTS #HHZ &2A%S &5
A 4 H7k= Re R 5(1999)9] W= o] 83te] 545
9tk 7 mM ABTS®} 2.45 mM potassium persulfateS 1:1%2
Easte] 12413 §<F 30T daelA WA F 5 mM
potassium phosphate buffer(pH 7.4)E ©]-83}l%] 413 nmoilA]
F9E7 070] HES G485 G4 ABTS Aot 4
mLol| TEHERE A Z3 AR 40 pLE EFste] 137 Bt v
SAIZ 413 nmoll A SFEE S5t xR L-
ascorbic acidS AFHE-319131, ABTS @ftjZ &7 €4S DPPH
gz 27 G2 Foke A3 $LT AE o]t WME
& YRl 33] vk S3stel Hagie s Jehligle
™, ICs& T3l

rSL'
09:

10. FRAP &4

FRAP 3t Benzie F & Strain J(1996)2] WH o2 =43}
STt 300 mM acetate buffer(pH 3.6), 40 mM HCIE &2
3 10 mM  24,6-tris(2-pyridyl)-s-triazine(TPTZ), 20 mM
FeCl; * 6H,0E 10:1:1(v/v/v)e] H]- &2 FRAP Ak #| 235}
o] 7z} = AR 0.5 mLoll FRAP Al2F 3.5 mLE 78] &
3kgk &, UV/ visible spectrophotometerE ©]-8-3l%] 593 nm
oflX FFE=E FHsta, 37CoAA 587 WX O3 &3

B B YA, Asel BHGE 49
FeS0, TH0% SEEAL & AYIIE A9 TRAP

&E T, 391 0N 2o e

1. M= Bt

S EFE B A E5-23J(KCLB, Korea Cell Line Bank,
Seoul, Korea)ZH-E] A549(¢1A] HAAE)E FEoFo} &
2ol ALg-atdtt. ¥lAl= DMEM ®iAlell 10% FBS<}F 1%
penicillin-streptomycins 3 7}sle] B3l 2 24519 1L,
Z} AEE CO, incubator(37C, 5% CO,)lA Althajokate]
AHE-8EA T

12. SRB Assay
SRB assay+= Doll R & Peto R(1981)9] HPHS o]-&-&}]

2339t} 96 well plateol] #l¥EF QA ES 5 x 10* cells/mL
o] FEE T3l 24A1F BRF et & TR ARE
247+ 100 uL® F7Fske] 37C2] 5% CO, incubatorol| 4] 484
2 e Mk F 2t welle] Wil S B AAGL
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10% TCAE 100 pLE H7Fate] 4Tl A 1A Bt x| gt
I TCAZ A|ASIAL, 96 well plateZ A= 53] A|1H 3 7
Ao AZxSIAT. AZ3E welloll 1% acetic acid® =<1
0.4% sulforhodamine BZ- 100 pL# 3 7}sle] 3087 ¥HS-A|
Zl F 1% acetic acid2 53] A|A 3t 5 AF20|A Ax3tH T
10 mM tris buffer(pH 10.5)% 100 uL A7+ & ELISA
reader(Versamax, Molecular Device, USA)Z 540 nmol|~] &
P2 =339 SRB assayS E3F YA|E thet AlxE
5L oo} B2 2oz AN

Cytotoxicity(%) =

AE BT FYE
- - = x 100
AR TAAT BRE- AR AT BR

13. EAIEA

R4 e HagERTAAE e AL, SPSS SAZ
233(10.0 version)= ©]-&3lo] EA4HE2(analysis of varian-
ce) B rtests AABt] FoA HSE Sislom, AASHF

=5
© 2 Duncan’s multiple range testS A3}t

K

R

&

1. OZL{o} ol &8

ofZYol &g FEE(EA)T olZY ol A5 FFE(WA)
o] 2282 Table 29 2] EAE 7.85%, WAE 9.34%%
et om, WASH EA Alole] o] A<l Abol= fISlTh

Zo|Hzs % & SCtE 0| &

WAS] F ZE]vE kS Table 20 veRd vk}
GAE/g, 35.45 mg GAE/gS 2 EAS] %
ZYde dEFo]l feldoz v =4 UElWth Hong JH
(2018)2 80% Wlek&= FE3 Hlg| /o F Zelvs &7
o] strawberry 19.48 mg GAE/g, raspberry 19.59 mg GAFE/g,

i
o
N
N
S
[\
N
5
o 0Q

) S e ST 7

blueberry 17.51 mg GAE/g, cranberry 28.67 mg GAE/go|&}aL
Hyste] 2 A7) olRu o} Guff FEEo| o|& HE{ F
5 3 & ZEllE o] HlmA & AE ERIE
Ak Z2]9 =2 anthocyanins, flavanols, flavonols, resve-
ratrol¥} phenoic acidE ¥ &3}, phenolic hydroxyl groupsE
WA o] e A n 22 AvjEaket 238t radicalS
AADN ArstE AAG) olE g Fejdlse I AAL,
ek, s}, S, dest 28 T oY ] Aejgd
Azl A7t o] wig- F8% ge|EANER dHA]
Hl(Cha JY & 1999; Xia EQ 5 2010), £ AollA] o}=
P FE529 & Fods gl w4 veht ksl &
2t 5o AeldAde 7dd Aoz 7=

3 EASH WAS] & STt o|= g2 Table 32 2
o] 717} 13.90 mg QE/g, 11.49 mg QE/gO. %, EAS] & Za}
Hi-o|= Fhefo] fold o R A vElTh Hong JH (2018)
< 80% MEhE R FE37 o 7HA] el Fe] & Eetiec]
= 3g}gFo] strawberry 0.45 mg QE/g, raspberry 1.02 mg QE/g,
blueberry 1.59 mg QE/g, blackberry 3.75 mg QE/g, cranberry
3.21 mg QE/g, mulberry 5.27 mg QE/gS. &2 E 13} +=t], o}
2Uol duff FEE9] T ZetE o= Fifo] o] & HlF
of gl & Aom yeygtt Fetiicol=x i) @i
227t 2719] HE mElE Z3E 3FEZ anthocyanins,
flavonols, flavones, catechins 2 flavanones 5©] °]ol <3k
ot g wolee AL i ol EAlsk, HA Akt
WA A &= 2Hg-5to] free raidcal, A& Iikstol] gk gHakst
FApETE ofle}, e st ¢k dds 5o ERE Ut
A1 vk B3¥dcHertog MGL 5 1993; Croft KD
1998). & ] ofmuo} duff FEE|® St ol =r}
A e o ksl B g E9E =Y A
o g AQYzher.

£ ¥ AL o
o e

o

3. & H|ERI C &
EA9} WAS] F BIE C &2 2+ 71.19 mg/100 g,

Table 2. Extraction yields and contents of total polyphenols, total flavonoids, and total ascorbic acid in ethanol extract

and water extract from aronia fruit

Sample”  Yield (%, w/w) Total polyphenols (mg GAE/g)”

Total flavonoids (mg QE/g)”

Total vitamin C (mg/100 g)

40.26+0.829™
35.45+0.89

EA 7.85+£2.9
WA 9.34+1.7

#

71.19+0.53™
59.75+3.70

13.90+0.45"
11.49+0.96

D EA: ethanol extract from aronia fruit, WA: water extract from aronia fruit.

2
3

) mg of gallic acid equivalents/g of sample.
) mg of quercetin equivalents/g of sample.
» Values are means of triplicate with standard deviation (n=3).

® Means are significantly different between EA and WA by student’s r-test (* p<0.01, ™ p<0.001).
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59.75 mg/100 g2 Z7=o] EAZ} WACl |3l & vl
C o] foldoz =& Aoz YEFTHTable 2). Catana
L 5(2017)¢] AgollA Aotz Lo} duje] HlE] C ks
31.85 mg/100 g 2 Huaded], ¥ Ao EASt WA F
58S nelste] vEW ¢ S vudE o ofjghe}
4 F2H S AXEA o2yl Gule] HE C gk

g Ao 2 Kot} Njoku PC 5(2011)2] Aol 9|3}
W AR AEE el AEE S W, 2571 20T A
80CE FoldFE dof o3l vlel ¢7} g = o] Bl
Aoz vepgrh ek Ryu IH &
Kwon TO(2012)¢] A% 100CE 23 er]e] I
FEEAAE HEW o7 HEEA ggod, of A5
o A= 19.4 mg/100 g BIERY C7} o] okal B
ato] HIE] C7} 7HR =] dEFe e Ae BoFh
E AFAME WAL FEF2%= 60T0], EAS] FE&%
£ 25CE EAd Blg) 257} =& WACNA HleR ¢7}
o @o] g H Fo g AlsH) $HH, Park YK “5(2008)2]
AFollA] FFE EEA S FEFELS 15172164
mg/100 go] HIEW! CE Hsta vka Huste] o] ¢} H]
welE w 2 Ao o2y o} FEE2] HIEI C 3ol uj
T =2 AE I = Ut BlER C= AA UlollA &
Absl 9 S 2A] Fa3t TS o, 7 ARE 4
& & 9l AU A S U A AEEFoZRE AE
= =H(Bsoul SA & Terezhalmy GT 2004), °}=ZU4
ofol] tke] HIEWRI C7} = o] Qo] w& st v
Bl Aoz o=k

re

£

4. Hl=d 3tetE2 HPLC &4

EASH WA?| 34 319=& HPLCE 4% Z234=
Table 3o JEPNRITE EAQ w54 1gtE<] &S rutin
90.59 mg/100 g, myricetin 2.48 mg/100 g, gallic acid 2.06
mg/100 g, quercetin®] 1.70 mg/100 g°|%1 1L, caffeic acid=
EHEEATE WA #HlsA 39Ee] S rutin 72.54
mg/100 g, myricetin 2.85 mg/100 g, gallic acid 2.74 mg/100
g, quercetin 1.36 mg/100 g& & E-A %) 11, caffeic acidE &
AEH A} EAZF WA©N Bl rutin®} quercetin®] o] =
Ska1, WAZ} EAcl ]3] gallic acid®} myricetin®] &F&Fo]
th B4 A3} EAS WA 254 rutin $Hko] 71 =
YERZET, rutine quercetin®l] rutinose”} AEE wiEA]
z2E5 7K e sy SRERE A ks A W A
st A8 5 kst a3t e EHo|ti(Jeon HI &
2016). Kim JS 5(2018)2] A3 Aol oJshd YFE7], &
2t £ oflehe 58-S HPLC 2413102 ™ rutin

o] gtko] Z+z} 0.74 mg/100 g, 5.05 mg/100 g, 0.5 mg/100

XM o

Ean

S obzuiol duf FEE

el 84 8 AXEY A7 167

Table 3. Contents of total phenolic compounds in ethanol
extract and water extract from aronia fruit

Phenolic compound (mg/100 g)

Sample  Gallic . L . Caffeic
acid Rutin  Myricetin Quercetin acid
EAV 2.06 90.50 2.48 1.70 ND?
WA? 2.74 72.54 2.85 1.36 ND

D EA: ethanol extract from aronia fruit.
2 WA: water extract from aronia fruit.
9 ND: Not detected.

goleka Balol, mtino] ole) wle ol HEHE o5
s}g o], B Ao ofzulol Gl FEBo) FHE rutin
ol )5 Welfol Hlal 4 e AL BT 5 9

= ==
Aok

5. DPPH 2iC|Zt AHS

EA® WAS] DPPH &tz &AGS 5743 A7= Fig.
13} 2t} %272 L-ascorbic acid2] ICsy a4t 27.18 pg/mL
2 Yelton, EAS WAS] 1Csy a2 ZH2} 68.33 pg/mlL,
75.44 pgmL= EA7F WA H|&l DPPH 2}tz &7 50 =
& Ao Yeltl Jin DH $(2016)2 Z#=41 ol 2o}
E 70% oet23} A2 FE3la DPPH assayS 2 A|3h
A3} 1Csy gte]l 2+ 129 pg/mL, 250 pg/mLeka K asko],
& AT Uit of2Yol FF=°] & U %& DPPH 2
gz 2A%S 7 5S04 Uk T3 EA}
WAS] 527} 57185 DPPH 2tz &7)50] S7tste
A Bylon, A3 BRE Fxol|A EAZF WAKDH &
oA o7 =& DPPH &tz 2A%S Ho F&guld u}
2} DPPH g}tz 275 Afo]& Hith EAE i 5%
Q1 300 pg/mLolAl 80.83%<] =2 DPPH &tz AAT S
Hol $-58F ksl S 72 e Ao E Yo,
WA EA°] H]&ll DPPH 2}t]Zt 427 50] thax SEAAT 300
ug/mLolA 77.30%2] Sl 27 %S Jehy 53 ghat
s} A& AT o= de] ARAT A Fats) S
= 7He & EeuE e & EaEeolE S9HE o
HE C9] ko] WAL EACl 1 ®o] &-fEo] JdE
), olgfgt gitsld stgESo] DPPH Sz &AE 93
AzFA Tl 71387 wiiEo = Azbech =3 Lim HI &
(2015)2] AFNA 70% olEHE 2 FZ3F acaiberry, blueberry,
corni, mulberry®] DPPH 2}t]Z &7 5°] 500 pg/mLol|A] Z}
7} 59.4%, 32%, 77.5%, 62%2} Balske], B Aox] =4
g ol2yo}l FEE2] DPPH Uz &A 50| ol HlzlF
o Hla| A=l ME E=A e}, of2Yote] gtsl &y
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Fig. 1. The electron donating ability of ethanol extract
and water extract from aronia fruit using the DPPH assay.
EA: ethanol extract from aronia fruit, WA: water extract from
aronia fruit, A.A: ascorbic acid. Means with different capital
letters (A~D) are significantly different among the different
concentrations in the same sample by Duncan’s multiple range
test (p<0.05). Means with different small letters (a~c) are
significantly different among the different samples in the same
concentration by Duncan’s multiple range test (p<0.05).

glo] &}

o s
o] g A A = AT

o
J

6. ABTS ZIC|Z ~HS

EA®} WA®] ABTS &% &AGS S 23+ Fig
29} 2t} thZFQ L-ascorbic acid2] ICsg 342 6.7 pg/mL =
ABTS 22 227%0] =9k, EAQ] ICs & 11.18 pg/mlL,
WA2] ICsp 7S 11.51 pg/mLE =3 o] EAZ} WA®! H]&)
ABTS 2z &2A%50] E& oz Yehth ol 99
DPPH #tt]Z &7% 24 279} np7A 2 WA H]3)
EAd| & EFelos Sitedt & Zetieo|l= 2 HElRl C 5
ksl g # glghEo] o] Beol X¥E o] 3] WjEo=
AtEEY S EAC WA F FEE EF 50 pg/mL 5%0|
A 97.49%°] =& ABTS 2HHZ 27|55 Hof 738 At
3} AL 7R3 e Aol F1ETh Lim HI 5(2015)¢]
Ao oJshd 70% ek R FZ3 acaiberry, blueberry,
corni, mulberry2] ABTS 2 475 °] 500 pg/mLol|A] 2}
7} 83.1%, 59.8%, 90.5%, 61.8%% K110} 0|53} H|met
o ofZUo} FEEL W TR E ¥ ABTS iz
2% S Uehl =2 bl 24E 7R3 Y As g9
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Fig. 2. ABTS radical scavenging acitivity of ethanol
extract and water extract from aronia fruit.
EA: ethanol extract from aronia fruit, WA: water extract from
aronia fruit, A.A: ascorbic acid. Means with different capital
letters (A~C) are significantly different among the different
concentrations in the same sample by Duncan’s multiple range
test (p<0.05). Means with different small letters (a~c) are
significantly different among the different samples in the same
concentration by Duncan’s multiple range test (p<0.05).

7. FRAP Assay

FRAP valuet= EAS} WA E5F =7} 718t wat
o]A o 7 Z7}81%] EH|(Table 4), Nam JS 5(2015)¢] &7
H% ofzyol ZFae] Bwr} Z715e] wheh FRAP 24
o] T7leltta Huste] & A-dztel fAKSISATE FRAP
assay°l| | == EA7} WA®I| H]3|] FRAP value’} o402 =
Al Yk, DPPH 2tHZ 22753 ABTS 2tz 42759
Aztel A8tk DPPH 2}tz 2275, ABTS #to)Zt &

F
tARe B8 S PHOR ofF AP s
24 9ot DA B AN $Y% o) F Pust 47
oA ofzuo} 2229 7
o ulal EAS] aitst B4e

8. SRB Assay
SRB assay™ &g Axe] 3 whld S SRB A|efo &
dAste] A4 A EAE dllsto] AxYS S5t
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Table 4. Ferric reducing antioxidant power (FRAP) of
ethanol extract and water extract from aronia fruit

Concentration FRAP values (FeSO; eq uM)
(ng/mL) EAD WA?
50 24.09+0.14P 16.67+0.58"
100 47.15+0.65%" 35.10+1.06°
150 70.77+3.22%" 52.72+0.23"
200 93.03+1.86"" 69.37+0.17*

Y EA: ethanol extract from aronia fruit.

P WA: water extract from aronia fruit.

3 Means with different capital letters (*™°
are significantly different by Duncan’s multiple range test
(p<0.05).

9 Means are significantly different between EA and WA by
student’s r-test (* p<0.05).

) in the same sample

= EA 2 43 o|thk(Skehan P 5 1988; Seo DH & Han DS
2003). ¥ ATl A= 100, 200, 300, 400, 500 pg/mLe] F%&
2 AEE A5499] F3l] SRB assayS AAe¥ 1, 1 2
5 Fig. 3o YeERASITE AS499] T3t AlEXE4S EAE
52.25~68.99%, WAE 43.82~54.24%%= VYeh} H527F 57}
Sholl wet X T4 AAVE Skete AdFe B
A5499) gk A ZEAL 300 pg/mLe] FEZS A|2E Y
Al EZoA EAZF WA Hl&] feldom =7 JETh
Kim SH 5(2009)2] A4 SRB assayE &35+ 70% °ll
e Gy FEES A5499] M ste] AEE-S g5
< ] 500 pg/mL FEoA 12.5%<] Al EEA 0] Vet
B8t oH Lee SH 5(2002)S 74 2 oerL 3}
Y 255 600 pgmL EEE A5499]] A2letaS u)
Z}2} 35.7%, 38%°] AlXE/d-& VYERtia Hastgith o]
2] gt T ATE Bt & A7 of2Yol dn| &=
o] o] 5 FEEHT} A5499] it =& AlE=4S Vet
< Qg 4= gl9lt). 3 Park HM & Hong JH(2014)
TollA G4 B ofghE ofFujo} dnfj FEE<] Hela
cell(Q1A] A7 K-k Al E)oll thste] 1,000 pg/mL &=l A
27} 72.59%, 76.86%2] =2 Al X540 Vet 3k
o], & Aol ofZ o} dujo] A H oehs FEE]
AAHA DA ELR] A5490] A E =& AE5H-S HeR
HH Rl = S 9A &7t e Aoz IRl Ank o
H, Cho Y & Choi MY(2015)E HT-294] 30l th&}e] ruting-
200 pM EEZ AT SRS W AlE YEE0] 64.13%= B
obA] rutino] thgd xS F2 JAlste EHE e
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Fig. 3. Cytotoxicity of ethanol extract and water extract
from aronia fruit on A549 cells by SRB assay.
EA: ethanol extract from aronia fruit. WA: water extract from
aronia fruit. Means with different capital letters (A~C) are
significantly different among the different concentrations of EA
by Duncan’s multiple range test (p<0.05). Means with different
small letters (a~d) are significantly different among the different
concentrations of WA by Duncan’s multiple range test (p<0.05).
Means are significantly different between EA and WA by
student’s #test ( p<0.05, ™ p<0.01).
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