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Abstract

The objective of this study was to investigate the physiological activities of Aronia melanocarpa extracts on extraction
solvents (through hot water extraction, 50% ethanol extraction, and 50% methanol extraction). The yield of 50%
ethanol extract, 84.50%, was higher than that of the hot water extract (84.05%) and of the 50% methanol extract
(76.20%). The total sugar content of the extraction solvent, 35.56~37.68 g/100 g, did not significantly differ. The
total anthocyanin content of the 50% methanol extract, 395.10 mg/100 g, was higher than of 50% ethanol extract
(318.61 mg/100 g) and of the hot water extract (252.82 mg/100 g). The anthocyanin composition of the
cyanidin-3-galactoside, 364.65 mg/100 g, was higher than that of the cyanidin-3-arabinoside (163.06 mg/100 g)
and of the cyanidin-3-glucoside (35.69 mg/100 g) in the 50% methanol extract. The DPPH radical scavenging
activities of the 50% ethanol and the 50% methanol extracts at 100-1,000 ng/mL were 7.96-70.01%, and 8.90-69.21%,
respectively. The superoxide radical scavenging activities of all the extracts improved with an increase in the treatment
concentration. The FRAP of the 50% ethanol extract and the 50% methanol extract at 100-1,000 pg/mL were
57.14-817.87 uM and 67.32-812.78 1M, respectively. The tyrosinase inhibitory activity of the 50% ethanol extract,
23.03-33.82% (100-1,000 1g/mL), was higher than that of the other extracts. The cancer cell growth inhibition
activity of the 50% ethanol extract (76.86% at 1,000 ng/mL) on HeLa cell line was significantly higher than of
the hot water and of the 50% methanol extracts. There results suggest that the 50% ethanol extract from Aronia
melanocarpa may be a useful for functional food material in the food industry.
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w7l o] X = Zdgke] Avkal LA UTh(15). JFEA]
ofdE QFEAlofH ] WA =N e Al71H
aglycone?! StEAJolUYW 3} o g Bajgt) otEAJoR
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71 (FM-909W, Hanil Co., Sejong, Korea) 2 *3|3to] -7
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A 4 F B
Tokyo, Japan)E ©]-& :5}04 =
A A7) 918k o #4x](No.1, Whatman International Ltd.,
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o] 749ts=3l 5 =47 Z(FreeZone 2.5, Labconco Co.,
Kansas, MO, USA)3te] -70C o]g}e] 9hdof] B IshH A
A8 AlER ARSI

FEFES A FEES T A AE T
< T8 ts 28 Az AHES dE A W

% 9 &% =% phenol-sulfuric acidH(19)°] w2k A&
1 mLell 5% phenol 1 mLE #7}sta F4#8] E3}ste] vk
A7) % 94% HS0s 5 mLE H7bsta Aol 2087t
HH-S-A17] Tt #3333 %7 (Ultraspec 2100pro, Amersham
Co., Uppsala, Sweden)E ©|-8-3t4] 470 nmel| A F2E=E
SHetAth & 9 &S glucose(Sigma-Aldrich Co., St.
Louis, MO, USA)E A 2sa] 243 BE2H 0 2

Alrtsksit.

._EAloPL'| g 53
T AEAJo FF S L Lee T(20)¢] Wl whet
A& 0.1 goll pH 1.0 buffer(0.2 M KCI+ 0.2 M HCl) £+
pH 4.5(0.2 M potassium phosphate+0.1 M citric acid) 2 mLE
2y7y 258 th #3337 (Ultraspec 2100pro, Amersham
Co)E ©]-&3to] 520 nme} 700 nmelA S =S 57613
th F AEAlopd ke o} et o] cyanidin-3-O-
glucoside & 7122 AlLtetsitt.

F

Total anthocyanin content(mg/100 g) =
X Mw X DF> 1,000
x1

A = (Axs20 - Avioo)pH 1.0 - (Axs2o - Anvoo)pH 4.5
Mw = molecular weight of cyanidin-3-glucoside = 449.2 g/mol
DF = dilution factor

= the molar absorptivity = 26,900 L/cm-mol
olE AIOl.L_l xgl

olZUol FE&E FAAE £ JdEAPd 2L
HPLC(Waters 2695, Waters Co., Miliford, MA, USA)S ©]-&
alo] BA13519th Columne XBridge™ C18 Column(Sum,
4.6x150 mm)(Waters Co., Miliford, MA, USA)S A}-8-3}%)
31 column 2%+= 30T 2, FZ7]+= photodiode array
detector(Waters 2996, Waters Co.)% 535 nmol| 4] &3+
t} o]%7d S1 2= Water:HCOOH (90:10, v/v)£}t Acetonitrile:
Methanol: Water: HCOOH(22.5:22.5: 40:10, vjv)S A}-&38}o]
<2 1.0 mL/min, A 57 -2 10 ILATE JFEA]oR 9
4%@ 2 cyanidin-3- O—galact051de cyanidin-3-O- glucoside
4 cyamd1n—3 -O-arabinoside 3%< Sigma-Aldrich Co.Z%-
B 743193 HPLC chromatogramoﬂ/ﬂ retention time2]
H 02 F538FM 2, peak aread] ASX|9} HTFEZS
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& 3 =32 Folin-Denis (21)°] Wt A8 1
N Folin Ciocalteu reagent 1 mLE 713l F53
&3tele] whe- A7 % 20% NayCO; 1 mLE 3718} A&
o] kArof| A 3041t REEAIZ] T 338 %A (Ultraspec
2100pro, Amersham Co.)E ©|-8-3}c] 725 nmo|A| &3 =&
SeF-S tannic acid(Sigma-Aldrich Co.)

2389 % ol
2 Bgele] AT EEIHonyH Assdnt
% Zohiol= §F 2L Ja 528l Wil e}

A& 1 mLell 5% NaNO, 150 LS E3alo] 2 2o A 657t

S A2 T 10% AICK 300 pLe} &3tate] thA] Ao
A 587F Wk A]Z]1 2 1 N NaOH 1 mL®} £33t ot
33333 %= 7| (Ultraspec 2100pro, Amersham Co.)Z ©|-8-3}o]
510 nm A FFEE S8 F ZTEE0|E T
2 rutin(Sigma-Aldrich Co.)& % @&ste] 2Hdgh FF3H 0
25E ALttt

ORAC(oxygen radical absorbance capacity) &3

ORAC =%4-& TalcottS} Lee(23)7} aH4kal &4 =4
AHEE BARE ol gtk B AReIA olztlol 75
B 5A0% S8 ¥ Tolox®] w58 343 J38 AR89
A Zo= F4 phosphate buffer(61.6:38.9, vjv, 0.75 M
K,HPO,¢} 0.75 M NaH,PO,) & AH8-3t9icth A% 345
A4el7] Astel §448 B4 Ha EFYOEZ Trolox
(Water soluble analogue of vitamin E, 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid, Sigma-Aldrich
Co.) 10 L= phosphate buffer 50 mLel| -8-3ll3te] A =319
11, 237171 multilabel plate readers(VICTOR3, PerkinElmer,
Inc., Waltham, MA, USA)E A8-3t] 485 nmell A 27}
o]7]5] 31 538 nmell Al WEE|A] 28] # A 285

et

DPPH radical &7&8M &3

DPPH radical &£AZA 37%(24)2 1,1-diphenyl-2-
picrylhydrazyl(DPPH)2] ¢8-S o]g3to] %319
Z, Al& 0.5 mLol| 4x10" M DPPH-£9(99.9% ethyl alcohol
of &3ll) 5 mLE &gste] A-2ellA] 15831 vk A7l o
343 = A (Ultraspec 2100pro, Amersham Co.)E ©]-8-5}¢]
517 nme| A $FEE =74 313 th. DPPH radical 427 24
< F2E9 7t A 39| Aol & ofefe} o] WiEER
YERg AT

DPPH radical scavenging activity(%)=

sample absorbance )

> 100

control bsorbance
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Superoxide radical &2H&Md &3

Superoxide radical 2~ &4 =72 Nishikimi(25)2] W
of Wt o5 Zo| stk AR 500 pLell 0.1 M
Tris-HCl 93 &(pH 8.5) 100 uL, 100 1M phenazine
methosulfate(PMS) 200 LS &33te] ®EE- A1Z1 & 500
UM nitro blue tetrazolium(NBT) 200 pL % 500 uM B
-nicotinamise adenine dinucleotideNADH) 400 1LE % 7}3}
of A2oflA 1024t BHEAIZ] B 338 %A (Ultraspec
2100pro, Amersham Co)Z ©]-8-3}] 560 nmol|q| EF =2
=723t} Superoxide radical £2A AL FEE2| M7}

A3} Fo] Ao] 2 ofelsh o] MEE LEhyLT,

Superoxide radical scavenging activity(%) =
sample

X100

absorbance
control s orbance )
FRAP(ferric reducing antioxidant power) &3

FRAP =% Benzie$} Strain(26)2] Wl ol| wha} o}-2-3}
2ol %319 th FRAP €942 25 mL acetate buffer(300
mM, pH 3.6)E 37Col|A] 73k &, 40 mM HClel| €3l gk
10 mM 2,4,6-tris(2-pyridyl)-s-triazine(TPTZ, Sigma-Aldrich
Co.) 2.5 mL%} 20 mM ferric chloride(FeCls) 2.5 mLE & 7}3}t
o] AlZskTh A& 30 pLol] AlZ¥ FRAP £ 900 uLo}
SHF 90 ILE ¥ F 37TdA 1083t 932171 o2
33333 = A (Ultraspec 2100pro, Amersham Co.)Z ©]-&3}o]
510 nmold FFEE YUtk FRAPE FeSO
7TH,O(Sigma-Aldrich Co.)& 7 @3dte] 23t 4o
2HRE ALt

Tyrosinase N3lgd &J

Tyrosinase A3 &4 & Kameyama 5(27)2] WS &
3to] 96 well plate] A]& 100 pL, 0.175 M phosphate
buffer(pH 6.8) 40 1L, 5 mM L-DOPA 40 LE A&
2 317 mushroom tyrosinase(2,000 U/mL, Sigma-Aldrich Co.)
20 ILE #H7}ste] 37°C wiekr| oA 1087 ¥He-A17] ohe-
A3/3¥ DOPA chrome-< microplate reader(UVM-340, ASYS
Co., Eugendorf, Austria)E ©]-83}%] 490 nmol| A 3 =5
=73ttt Tyrosinase Al &2 FE2E9] A7 A4 &

o Aol olst Lol WMELE YL,

Tyrosinase inhibition activity(%) =

Sa’mple absorbance )

x 100

control absorbance

ANZEEAM=E Y] XsEgd 55
17 AFF7 Kot A E£39] HeLax 3t=A|EFLo =z
e Fokdtol A8 o] AR5t RPMI 16408 4] o)) 10%
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fetal bovine serum, 2% penicillin-streptomycin< 3 7}5}o]
37C, 5% CO, incubator(MCO-18AIC, SANYO Eletric
Biomedical Co., Ltd., Osaka, Japan)ol| 4] vl &Fa}i ). vl k=
A ZFE 2x10" celljwell 2 96 well platec] 7}sto] 244 7F
HlFala A 85 A2lgh £ 48413 Bt wj kit vk
% PBS ¢E&Ho] =91 MIT £9(5 mgmL)S 7t wellel
10 pLA 7oL thA] 4A]3t S<t v Feto] MTT7F €49
Hes ot vidEs & BHE formazand g o] SET
A A A vl g S ] AAZ F 27| wellell 100
L DMSOE #H7beta A2eA 1083t ¥HEAIA
formazanZ2 %3 & 473] £33t T3 microplate reader
(UVM-340, ASYS Co.)E °]&3to] 540 nmoll A SHFE=E
S8t AR E AelohA] @2 AEE dET o R 5t
o A ATAYEERE HERAA

SAHx 2]

AQA TR 33 e o] FisRTAAR YERAS
I SPSS(19.0, SPSS Inc., Chicago, IL, USA)E ©] &3}
TAREA(ANOVA)S AAJstslaL 7 54 skl 2
‘]

4 (p<0.05)- Duncan’s multiple range test= 7% 3}
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Table 1. Extraction yield, total sugar and total anthocyanin
contents of extracts from Aronia melanocarpa

Extraction solvents ;.. 3{);22 %) (gh;l;(())g 2100 9 (Té)%‘enrgé/o%gn 3
hot water 84.05:049% 35801237 252.82:11.49°
50% ethanol 84.50+0.29" 37.6843.07 318.61+5.82°
50% methanol 76204057 35.56+1.60 395.10+1.86"

"C3G, cyanidin-3-O-glucoside

"Means+SD (n=3) within each column (a-c) followed by the same letter are not
significantly different (p<0.05)

INS, ot significant

AToNA AR ofZY ol FEE2 AR B2 FE
< YA EE, ol okzyele] A5 AAG = F24
Z3 BEE AHgste] F2ES Alx6s7] wEelgtn
Atz ET

T B B3 A7, 3556~37.68 g/100 g7 FE8v

A2 FAbekelaL, 2% 2ol & vehiA] ekt

FEAJOR e 50% vlEhE, 50% oghS 3 A4
To 2 FoAQl 2ol & YA =T, 50% e F5=
oA 395.10 mg/100 gO- = 7P =& TS YRl e,
50% olletg 3 AFFEEolA 717} 318.61 mg/100 g H
252.82 mg/100 g°] AT}, Rugina 5(8)2 F%ol w}2 olzy
o} drjje] F tEAJobd gFo] 176.18~366.16 mg/100
golgta a3ty om, 1 FAAMZ Aronia melanocarpa
cultivar Viking< 277.13 mg/100 g, Aronia melanocarpa
cultivar Aron< 176.18 mg/100 g2 $H-3laL glo] £ Ao
A AH8-E Aronia melanocarpa®] % UEAOPd kol =
o= gl

-

e o

QtEAOIH =4

FZ-8d ofrYol FEE9] tEAoPd 2/ Table
29} 2t} 50% vehe FZEoA] cyanidin-3-O-galactoside,
cyanidin-3-O-arabinoside & cyanidin-3-O-glucoside”} Z}2}
364.65 mg/100 g, 163.06 mg/100 g 2 35.69 mg/100 g & &
718 Bol FrEol Ao, I, 50% e 2 50%
HetE FE5E 55 cyanidin-3-O-galactoside”} 64.72~
79.84% % 7V & 244E BTk Hwang S(4)S
A o} 2HoLE 70% o§HSE 108 Hrlete] &
FE=Y FEARd TS #A ZF cyanidin-3-
galactoside”} 93.3 mg/g 2 cyanidin-3-arabinoside®] &2
37.1 mg/g =] Jvta st & AFellA] AR
g FEE9 HPLCEA o] wE tEAopd ke A5
=8, 50% g2 B 50% HTtE FE=ClA 22t 17097
mg/100 g, 34138 mg/100 g 2 563.4 mg/100 gO = Table
19] & QtEAlopd +Fat fAkgE Zdeks vERATH
Wangensteen 5(28)< &%°| U& 4% ol2Yo} 80%
qetE FEE tEAlold 24 v wet A7 Aronia
melanocarpa cultivar Moskva’} 252 mg/100 g, Aronia
melanocarpa cultivar Hugin®] 249 mg/100 go]loH,

Table 2. Anthocyanin compositions of extracts from Aronia
melanocarpa

Anthocyanin
compositions

waer 50% ethanol 50% methanol

mgldg % mgl0g % mylldg %
cyanidin-3-O-galactoside 13651 7984 24145 7073 3465 472
cyanidin-3-O-glucoside 7.8 44 1485 435 B 63
cyanidin-3-O-arabinoside 2688 1572 8508 2492 16306 2894
Total 24400 8428 3563 7508 50034 7106
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Aronia melanocarpa cultivar Nero”} 447 mg/100 g 2! Aronia
prunifolia) A 737 mg/100 g©. 2 VFER} B Aol A A&
3 O]-EL] o} & 2o] }\hq]z% o7 =2 otEA|old zﬂ-a‘co
q.E}uJ 2 §1—O] o].Oﬂ\;]. o]-E/\] o]_u ZALe z,ag% A=
cyanidin-3-O-galactoside, cyanidin-3-O-arabinoside 2! cyanidin-
3—O—g1u0051de—r°] k. Bijak 5(30)2 ©lZYo}l 50%
DMSO FZ&E9] ¢tEAlobd 24 E-A0| A cyanidin-3-O-
galactoside, cyanidin-3-O-arabinoside, cyanidin-3-O-xyloside
2 cyanidill—3—0—glucoside—/F‘°] Mv‘m] ¢ e 74z

64.04 mg, 23.38 mg, 3.19 mg & 3.14 mg 3313 Tt
E]—J—-O]')\/\
£ ©HE gz, & Zsierol= &2 9 ORAC

4

Grfol] WE of2Uo}l FEEY F v, F TR
gtk 2 ORACE Table 3% 2t} & o o
=4 80.14 mg/ge® 71 v e YEhl
50% ollgtE 3 50% WS FEEo] 247t 121.38
122.43 mg/g @ & Jth2 o7 geo] E3iTh o]&
o] th 4%2 olZLo} 80% olete FEEC] & H=
°] 98~175 mgfg FH3FaL A= Wangensteen “51(28)
K¢t wAW—"— & AUATE A Aol W2 of®
] T go] ]h—_/\q 240 zﬂ/\}pjr 51—/\4(31) I;HX]—
xﬂ (32), It B3 34(33), 14 15 G334) 5 ok
AE3 71%6(3537 S Vet BaEe o &
ELO]E e A4 &, 50% olee 2 50% vig
Eol|lA 7H7} 56.98 mg/g, 104.58 mg/g & 104.19
3:“% % de R A s HeEhIA
HFFEE, 50% olere 2 50% ke FEEo|

A g3 247} 715.66 1M, 768.15 1M 2 780.77 tME JER}
50% oletE 2 50% ets FEx719] ksl o] =%
t}. Rugina 5(8)& F%o] W olZljo}le] ORACS ZA}
3 Ay} g 353~423 IME Huslglon, HgAoR
39.8 uMS YERATE . B 153 T Hong(38)2 Acai %
E-9] ORACFO] 137.73~562.94 iM/g = H 113}o] T} 2 H|
2] ol B3l Acai®] @1tst 2ol Erha B sl
B AR A AFR3E o2 o} F22E9] Al gAdo] H)h
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Table 3. Total phenolic, total flavonoid contents and ORAC
(oxygen radical absorbance capacity) of extracts from Aronia
melanocarpa

Extraction solvent Total )phenohc Total. flavonoid ORAC

A" mgfg) (utin mg/fg) (UM TE/g FW)
hot water 80.14i0.69"2) 56.98+2.64° 715.66+12.99°
50% ethanol 121.38+2.12° 104.58£093°  768.15+17.83"
50% methanol 12243+1.42° 104.19+136°  780.77+34.70°

UTA, tannic acid
"Means+SD (n=3) within each column
significantly different (p<0.05)

(a-b) followed by the same letter are not
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DPPH % superoxide radical 2H&A

FZ&ulol] wE ofmuo} 55| DPPH B superoxide
radical 2~7 €4 Fig. 17} 2t} DPPH radical &2A 842
EA8 A3} 100 pg/mLolA 1,000 pg/mLO & F%=71 7}
ol wet E5FFEE] A5 4.99-47.78% % 7P S
235 eIl on, 50% oflgts 2 50% vehE 55
Z}7+ 7.96~70.01% 2 8.90~69.21% % FoZ o2 H&
S JERIth & 1A Als A =7 57
3ol w2} DPPH &A &/ o] S7leislon a4 551
o 50% e 2 50% HEhe FEEC] &4 Ol e
215kt Hwang 5(4) 70% &&= F53 of2Y
o} 3Z%9] DPPH radical 2AEA S A8 A3} 500
pg/mLol A oF 80% 2 & FHoA FE8 EFu|gHT}
20 = =e &S VeRtk B u3lS] vk Superoxide

L O,

A
120
m hotwater @ 50% ethanol @ 50% methanol
=
— 100 ]
£
2=
B a0
g b b
B
=
P
B 60 -
& c
S <«
&1 ao b
c d
= e
= f
a 20 &
_ hh =
1
o
Concentration (pg/mL)
B)
120
- mhotwater @ 50% ethanol m 50% methanol
o8
£ L
5 am . ;@A
€
n by b
5 L
5 80
=
a
=
] 60 [ 5
Z
'E d
] 40 -
=
'E e & €
g2 2 |
=
@a
o

catechin{250 100 250 500 1000

ugfmi)

Concentration (pg/mL)

Fig. 1. DPPH (A) and superoxide radical scavenging activity (B)
of extracts from Aronia melanocarpa.

Means£SD (n=3) with different letters above a bar are significantly different by Duncan’s
multiple range test (p<0.05).
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Fig. 2. FRAP (ferric reducing antioxidant power) (A) and Tyrosinase
inhibitory activity (B) of extracts from Aronia melanocarpa.

Means+SD (n=3) with different letters above a bar are significantly different by Duncan’s
multiple range test (p<0.05).
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Fig. 3. Cancer cell growth inhibition activity of extracts from
Aronia melanocarpa on HeLa cell line.

MeanstSD (n=3) with different letters above a bar are significantly different by Duncan’s
multiple range test (p<0.05).
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