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Physiological activities of Aronia melanocarpa extracts on extraction
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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 pug/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 ng/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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A&l &hO) B AL B Al BIH(10-12)F &elsto]
A7 Fdsitta BRuEa glow, e FeaHE
55 7121 Abgte] of2Yol =2 AFHE s A5
T Hgte F2 JTE Fe e E dHA Uk =S
9] Hsg3k(13), Hgxd 71584 (14) 5 45 HgEg
o] gt e Aew Huya gt} oy ol g
o] e T8 dEAoRd S cyanidin-3-O-galactoside,
cyanidin-3-O-arabinoside % cyanidin-3-O-xyloside®] ™ (6),
UHEA © 2 phenyl group 52 OHY|7} 5718k A 0]
18] 2] a2, methoxyl group®] S7F8FH OH7| Rt} A A} 3o
50| A7) vl bathochromic shift @/3o] o A Lo}
W7k o] sl = A ake] Jdoka LA JTh15). FEA]
ofd e QIEAlofUH ] wiGA=HA Zieie] Al7]™
aglyconeSl StEAlOPH I Fo g2 F3HT} FEA|ofY
dat 23 ¢ 9le dEE9 B/E glucose, galactose,
xylose, arabinose, rhamnose 5-°]™, Z 35} monoside,
bioside, trioside &S Z T %11 1o 735 wpebA o
pefol WEkE & HRkE fr)4te] 29E 7R sta
T A B R whet A A of] o] EAlskaL
ATHI6,17). L FoM = o2 Yol A& WElF F
SQEAlOPIS AE F e M 783 2AZ LA
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2 Ao A8 of2Y o Aronia melanocarpa)= =
Nog BARE ART 2ol (HUFARE AL
o} ol eIt W& A% ofziol FRAZ] &
71 (FM-909W, Hanil Co., Sejong, Korea) 2 33l -7
0°Colsle] otid] BHslHA =8 A a7 AFS3l9

FEE9 M=

10 g9 ol2Yo} FAAZ EHol| FH/F, 50% e
2 50% WehES 1T tiH] 200 Hrlete] SR 30t
T 100TCoA, 50% ollehE 2 50% wighE: 7= 80T
oA 4xZE FF SFE2HFE7](CA-1112, Eyela Co.,
Tokyo, Japan)& ©|-&3lc] FZ39th FE2ES ETES
AAsH7] 3ke] o] 72| (No.1, Whatman International Ltd.,
Leicestershire, England) S ©]-&-3}o] oJ3A]Zic} ojotd &
A2 7R E=7](N-IN, Eyela Co., Tokyo, Japan)E Al-8-3}

o] ZRI5&3t 5, 5271 Z(FreeZone 2.5, Labconco Co.,
Kansas, MO, USA)3te] -70°C o]ake] ot HkabmiA|
AL ARE ARESTH
&4 Y £ 9 &z 53
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% o 3t =42 phenol-sulfuric acidH(19)°]] whe} A]
1 mLoll 5% phenol 1 mLE H7}ela 53] &3 sto] vt
71 % 94% H,S0s 5 mLE H71stal 4ol 4] 204
HES-AIZ] th5 53333 = A (Ultraspec 2100pro, Amersham
Co., Uppsala, Sweden)E ©|-8-3t4 470 nmel| A F2EE
At Ath & 9 &S glucose(Sigma-Aldrich Co., St.
Louis, MO, USA)ES g ate] 23 FE30 025y
ALk

olo

AL

& AEANotH & &H

Z AEAoPd FEF S-S Lee 5(20)9] WH whet
15 0.1 goll pH 1.0 buffer(0.2 M KCI+ 0.2 M HCl) =&
H 4.5(0.2 M potassium phosphate+0.1 M citric acid) 2 mLE
747} 3t ths 233 %A (Ultraspee 2100pro, Amersham
Co)E ©]-&3t4 520 nme} 700 nmel| A §F =5 S
th. & dEAoPd FFEFE ol 9t o] cyanidin-3-O-
glucoside & 71522 AlLtesl

>

=l

Total anthocyanin content(mg/100 g) =
X Muw X DF> 1,000
x1
A = (Axs20 - Anioo)pH 1.0 - (Axs20 - Aroo)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

QtEAlOHH =M

ol2Yol FEE TAUE FEY dEAOI 24L&
HPLC(Waters 2695, Waters Co., Miliford, MA, USA)S ©]-&
alo] BA13519 Tk Columne XBridge™ C18 Column(5um,
4.6x150 mm)(Waters Co., Miliford, MA, USA)= A}-£-3}31
3 column &%+ 30T 21, 1% 7]+ photodiode array
detector(Waters 2996, Waters Co.)% 535 nmol| 4] HZ&3F
t} o]5A Sl 25 Water:HCOOH (90:10, v/v)2} Acetonitrile:
Methanol:Water: HCOOH(22.5:22.5: 40:10, v/v)& A}-8-35}o]
42 1.0 mL/min, A EFYFE 10 lLATE FEAORA9]
EFEZ-E cyanidin-3-O-galactoside, cyanidin-3-O- glucoside
4 cyanidin-3-O-arabinoside 3%S Sigma-Aldrich Co. 2%
E] 793193 HPLC chromatogram®l| A retention time2]
B2 53390, peak areal] A9 TFEH e
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% dEs % =42 Folin-Denis 21)el whe} A& 1
mLe]l 1 N Folin Ciocalteu reagent 1 mLE 3 7}s}1 Z53]
s3] WhS- AI71 3 20% NaCOs 1 mLE 3 7}sta A8
o] kAol A 30E%F BFEAIZ] T 3328 %A (Ultraspec
2100pro, Amersham Co)E ©|-8-3}0] 725 nmol A S =S
=338l & HlE IS tannic acid(Sigma-Aldrich Co.)
S FEste] 2g3 REFA o2 RE ALtsldich

% 2P ol= 1 4L Jia 5(22)2] Wyl uhet
1 mLell 5% NaNO, 150 uLE &3}slo] A-20lA] 641t
AlZl B 10% AlCL 300 L} E3ato] ThA] 420
EZF¥ke AlI71 & 1 N NaOH 1 mL¢} £33 v
33 %A (Ultraspec 2100pro, Amersham Co.)E ©]-&-3}<]
510 nm °X FFEE St F SetE o= FheF
2 rutin(Sigma-Aldrich Co.)& 7 rsto] 23 EEx4 2
2RE AL

Al

ORAC(oxygen radical absorbance capacity) &3

ORAC =7%-& Talcott®} Lee(23)7} 34ks}t &4 =7 o
AHEGE A S o] &otsith B Al A o2 U ol &
B FAUE £ B Tolox®] w2 343 498 A8
A Z= 54 phosphate buffer(61.6:38.9, vfv, 0.75 M
K;HPO,9} 0.75 M NaH,PO)E AH&stith A F41=
2gst7] flsted kst 24 Ml EFH SR Trolox
(Water soluble analogue of vitamin E, 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid, Sigma-Aldrich
Co.) 10 yLE phosphate buffer 50 mLel| &-3}|3}o] A 223}
11, £7717] multilabel plate readers(VICTOR3, PerkinElmer,
Inc., Waltham, MA, USA)E AH&-3t] 485 nmell 4] 247}
17]%] 31 538 nmol|A WEE Al At} & Ao 28y

et

DPPH radical 2H&A &4

DPPH radical £AZA =% (24)2 1,1-diphenyl-2-
picrylhydrazyl(DPPH)2] 8 & o] &3at] 4ttt
Z A& 0.5 mLel 4x10" M DPPH-8-9(99.9% ethyl alcohol
o &3l) 5 mLE E33te] ALeofA] 1587 vk ARl o
3333 = A (Ultraspec 2100pro, Amersham Co.)E ©]-&-3}o]
517 nmel|A] FF=E 57381t DPPH radical &7 2
o FZEo Ayt AR T o] S ol o] MELT
e At

DPPH radical scavenging activity(%)=

sample

absorbance ) %100

control bsorbance
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Superoxide radical 2H&M &3

Superoxide radical 2~2A 84 72 Nishikimi(25)2] W
of el o5 Zo| S stith A= 500 pLell 0.1 M
Tris-HCl $+%8(H 8.5) 100 pL, 100 M phenazine
methosulfate(PMS) 200 pLE &3tste] ¥k A7 $ 500
UM nitro blue tetrazolium(NBT) 200 puL % 500 pM B
-nicotinamise adenine dinucleotideNADH) 400 1LE % 7}3}
o] Aol 1083 RESAIZ v 333 =4 (Ultraspec
2100pro, Amersham Co)E ©]-8-3}¢] 560 nmel|A SH=5
=731t} Superoxide radical 2A AL FEE2| AU}

A7 Fo) Aol g olelsh Lol MEER YR,

Superoxide radical scavenging activity(%) =
sample

x 100

absorbance )

control absorbance

FRAP(ferric reducing antioxidant power) &3

FRAP 572 Benzie} Strain(26)] "&*H ol whe} th=-3
2ol 273383tk FRAP 292 25 mL acetate buffer(300
mM, pH 3.6)Z 37ClA 7}23F 3, 40 mM HClol| &3]3
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 3 7}5}
o] Az Th A& 30 (Lol A2 FRAP €9 900 Lo}
SHT 90 ILE ¥ F 37Tl 1083 w8417 v
&334 = A| (Ultraspec 2100pro, Amersham Co.)E ©]-&-5}<]
510 nmelM FFEE SISl FRAPE FeSOs
7H,O(Sigma-Aldrich Co.)& 7 #dte] 2d3t xE I o
25E AL

Tyrosinase Nl&d &3

Tyrosinase ]3| &4 & Kameyama 5(27)2] i< &8
3to] 96 well platec] A]& 100 pL, 0.175 M phosphate
buffer(pH 6.8) 40 1L, 5 mM L-DOPA 40 LS AT
¥ 1 mushroom tyrosinase(2,000 U/mL, Sigma-Aldrich Co.)
20 ILE FH7ksted 37C wi7]elA] 1023 RESAIZ T
A4/3¥ DOPA chrome-S microplate reader(UVM-340, ASYS
Co., Eugendorf, Austria)E ©|-8-3}] 490 nmol| A FZ=E
=73kt Tyrosinase Al &2 F2E2] H7F Ao &

o Aol obehsh o] W& = hehhgich

Tyrosinase inhibition activity(%) =

Sample absorbance )

* 100

control absorbance

ANZHEEAM=Z M] Xsgy 55
O17F AFF7 Kot A EF9l HeLaxs 3t=A|EFLgo =z
e Fokdto} A8 AL2319Tth RPMI 1640814 ol 10%
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fetal bovine serum, 2% penicillin-streptomycins 5 715}
37C, 5% CO, incubator(MMCO-18AIC, SANYO Eletric
Biomedical Co., Ltd., Osaka, Japan)ol| 4] vl &Falic). vl k=
A ZFZ 2x10" celljwell 2 96 well plateol] H7}ste] 244 7F
HleFela Al85 A 2]ek & 48413 Bt vl FetTh vk
Z PBS ¢E&Ho] =591 MIT -£9(5 mg/mL)S 2+ welldl
10 uLA AH7Fska ThA] 4A1zE B9k vl oFste] MTTV} 8
HE= sk wikEs 5 HAE fomazanZ o] ZEH
A A A G S A3 AAS T 7H2he] wellell 100
LA DMSOZ stz A Lox 1083F wH-g-A]A
formazanZ27 & 473] 8313t ©h3 microplate reader
(UVM-340, ASYS Co.)= ©]|-&3d}o] 540 nm°ﬂ’\1 o
23 th Al AReHA] @& AEE tRToR 3
of AiHQl AZAEEE YeERATH

EAIxz|

ARAA = 33 WHEAR Y] FH+EFHAE YERL
3L SPSS(19.0, SPSS Inc., Chicago, IL, USA)S o] &3}
TAREA(ANOVA)E AASkSl T 7 54 S ake] #-
d(p<0.05)- Duncan’s multiple range testZ 77g 3} T}

—‘Zr% ﬂHoﬂ 2 ol& ‘4
Alobd 3 Table 13 7ED} %%?
%%oﬂﬁ 8450% = 7V =& &S
FFEE 9 50% v
76.20% | A=, E5 =
Aoz Hol &4 AEol B& FHoz IFAdHTh

Wangensteen 7,—(28)~ EZo| ThE 439 ol2Yo} 80%
Nere FEE0] 33 £80] 94~19.7%2 B35t
™, Kang(29)= PEA] old & Ff3ta Sl =ulat wig
<l B, gz, o, B7)d tig 80% ole<
F280 3% £80] 16.74~2321%2+1 Hastth &

Table 1. Extraction yield, total sugar and total anthocyanin
contents of extracts from Aronia melanocarpa

Extraction solvents (dy S{);Zlicsl, % (@ l;l;gg ;}11‘%35 9 ;{%% arllltllé/o%gmgr;
hot water 84.051049”  3580£237)  252.82+11.49°
50% ethanol 84.5040.29" 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
31gn1ﬁcantly different (p<0.05)

INS, ot significant

Q7oA ALg e ofmUo} EEL AjHoR B S8
& UeislE, ol ofmuicle] 42 AAR F 54
29 BUE A8l 22ES Axa] Bl
At EY.

A3}, 3556~37.68 g/100 g& 2 FZ-8v
ol Al zpol & YERA] %Skt 3
FEAJOR ek 3 50% MErE, 50% olere 2 A4 3
To = FoAQl 2ol & el ET, 50% HEHE F5=
ol 395.10 mg/100 g& & 7} =& gekS Yehjlon,
50% o ere 2 AFFEEEo|A 7H2} 318.61 mg/100 g B
252.82 mg/100 g°] 31t} Rugina 5(8)< 5ol W} oz
o} drjje] F tEAJoPd go] 176.18~366.16 mg/100
golghal Hustglon, I FoAM=
cultivar Viking< 277.13 mg/100 g, Aronia melanocarpa
cultivar Aron< 176.18 mg/100 g2 gHi-3laL glo] & Aol
A AH8-El Aronia melanocarpa®] % AEAPd dEFol =
o= ZRlsksth

El i o\-}l

Aronia melanocarpa

AEAOHH =4
FE 8 ofzYol FE=2| dEA o 242 Table
29} 2t} 50% vk —?%%"ﬂ A1 cyanidin-3-O-galactoside,
cyanidin-3-O-arabinoside %! cyamd1n—3 -O-glucoside”} Z}+2}
36465 me/100 g, 163.06 mg/100 g * ) 35,69 mg/100 g0 5
71 ol el Ao, I, 50% e 2 50%
WetE FFE 55 cyanidin-3-O-galactoside”} 64.72~
79.84% 2 71 ¥ 23S HoFATh Hwang 5(4)2
IR ok2YolE 70% EE 2 108 H7lste] FE3
FE=Y FEARd TS #A3 ZF cyanidin-3-
galactoside”} 93.3 mg/g 2 cyanidin-3-arabinoside®] &%
37.1 mg/g S5Ol Atk Huslit) & Ao AL
#3 0] HPLCEAO) 02 Aok gake a
%%, 50% & 9 50% vige FE=cl4 42 17097
mg/100 g, 341.38 mg/100 g 2 563.4 mg/100 g = Table
19] & <tEAlopd +Fat fAkgE ks YEhUTH
Wangensteen 5(28)< E£%°] U& 4% olZYo} 80%
NehE FEE9 tEAlold 245 ¥ wet A¥ Aronia
melanocarpa cultivar Moskva’} 252 mg/100 g, Aronia
melanocarpa cultivar Hugin®] 249 mg/100 go|%lom,

Table 2. Anthocyanin compositions of extracts from Aronia
melanocarpa
Anthocyanin water 50% ethanol 50% methanol

composifons 00 g % mgll0g % mglog %
oymidin3-Ogalacioside 13651~ 984 4145 073 36465 6472
oymidin3Oglucoside 758 444 1485 435 X6 634
oymidin3-O-mbinoside 2688 1572 8508 2492 16306  28%4
Total WO MB 63 5B 50034 TL06
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Aronia melanocarpa cultivar Nero”} 447 mg/100 g 2! Aronia
prunifolia®| X 737 mg/100 g© & Ve 2 o oA A}
H ofZYo} FFo] HUH R = AEA| ol S
UEhd S SIS tEAlobd 2P e FEE BT
cyanidin-3-O-galactoside, cyanidin-3-O-arabinoside %! cyanidin-
3-O-glucosidesto] At} Bijak S(30)2 ©F24Yeol 50%
DMSO FZ&E9] ¢tEAlobd 24 E2 o)A cyanidin-3-O-
galactoside, cyanidin-3-O-arabinoside, cyanidin-3-O-xyloside
2 cyanidin-3-O-glucosides=0| A o.M, ¢ &FiF 747}
64.04 mg, 23.38 mg, 3.19 mg & 3.14 mg g-H-3t Yria
LERAs 4=

5 W= gy

, & E2l2o|= &z U ORAC
FE8rd WE ol2Yo} FEE] F HE, F Tk
wo|= 3t @ ORACS Table 33 2t} & #Hs &
AFFZE4] 80.14 mg/g & 7P B TS e
Rom, 50% oets 2 50% HEE FEE°] 717 121.38
mg/g 2 12243 mg/gO. 2 A o2 o] =Tt o=
30 U2 459 ol2Yol 80% cetE FEE2] & =
glaFo] 98~175 mg/g &-73Fal 1Tth= Wangensteen 5(28)
o] Byol fARFS & AUATh A3 ATl 2w of=
Yolol] =0} Sl wled 42 it 2461, U
o FA(32), It Ho 8I33), A B G934 T OF
gt DA 71553537 = VeIt BaEo] it
FHo|E e ¢ FF, 50% olehE 2 50% v
& FEE0M 27} 56.98 mg/g, 104.58 mg/g L 104.19
mg/gl 2 F HE FHFH FARE A JEATH
ORACZ I35, 50% olehe 3 50% Wehs FEE
A g Z42F 71566 1M, 768.15 1M 2 780.77 iME YER}
50% e 2 50% ek FEx70] ksl o] =9
t}. Rugina 5(8)& 3ol W2 o}z o}e] ORACS A}
3 Ay} g 353~423 IME HsIl o, Hzow
39.8 iM= YERdATE B8kt Hong(38)2 Acai %
9] ORACH©| 137.73~562.94 Mg = H.115}o] T} 2 ]
g 7ol Hlal Acai®] itst E4do] Erha B ustgl =,
2 AFol|A] AREE of2 o} FEE] ks Aol B}

o H

N\

Table 3. Total phenolic, total flavonoid contents and ORAC
(oxygen radical absorbance capacity) of extracts from Aronia
melanocarpa

Extraction solvent Total1 )phenolic Totall flavonoid ORAC
(TA” mgfg) (mtin mg/g) (UM TE/g FW)
hot water 80.14+0.69™ 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
IMeans+SD (n=3) within each column (a-b) followed by the same letter are not
significantly different (p<0.05)
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DPPH % superoxide radical &2H&A
FZ8vlol] & ofZ o} 3552 DPPH ¥ superoxide
radical 227 €4 Fig. 12} 2t} DPPH radical 2A S5
A8 23 100 pg/mLell A 1,000 pg/mLO & F%=7t 57}
gho] el d5FEE2] A$ 4.99-47.78% % 71 e
24 Yo, 50% olete 2 50% HEe FE2E
| 247t 7.96~70.01% 2 8.90~69.21% = A o7 =&
q

O

= YERAITE BE FtA AR A2l w27 S0t
tol| whe} DPPH A G4 o] S71sts o™ a4+
t} 50% olere 2 50% MEE FE5E9] FAdo]
30131 th Hwang 5(4)2 70% oleh2 2 F53

o} 3%%29] DPPH radical 2A 84S FAM A3} 500
ng/mLoll A <F 80% 2 & 7oA &3 EFHg| B}
20 = =2 S Yeptt Busksitk S

&

okl

uperoxide
120
m hotwater @ 50% ethanol @ 50% methanol
=
— 100 ]
£
2=
B a0
g b b
B
=
P
B 60 -
& c
S o«
&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
= R
5 80
=
a
=
] 60 [ 5
Z
'E d
] 40 -
=
'E e & €
g2 2 |
=
wi
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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radical 2AEA S B4 A FE Lo w2 A<
zko|7F frojd o2 YehA] ko, BE AlsdA F
T oEH oz FUI8ITE 100~1,000 pg/mLe| F =l A
I FEE0] 23.14~90.13%, 50% olErS FZEEo||A]
26.38~92.72% 2 50% M¥tE FEE0| 2573~92.23%2]
=2 2498 el 53] 2E FEUEA 1,000
ugmL F=2] gAksl 2ol 90.13~92.72% = e A
2T 2 AF8-3F catechin(91.10%) 2 A3 2418 e}
o] ofZyo}e] superoxide radical &~A A o] ¢+
o1&ttt Jeong(39)S clRYolE FH o7 F53 B
9] superoxide radical 2~ &3-S AR A3 gl =T
o7 ALg-3F =31 7471 EGCGeF BIEMICe] SC503-2
747} 3.01 ppm, 8.84 ppm = UEH} ofZ Lo} 3559
g’d o] EGCG(epigallocatechin gallate) .t} oF 2.21] &
FA S HolFgl oy nlefIcETE 9 1.228) $3 &
Ao YeERtt ®Easkith

A)
2400
B hot water @ 50% ethanol @ 50% methanol
2000
a
1600
]
=
a 1200
=
&
e
b b
B00
c
d d
400 e
fof
i hh g
(]
(250 pg/mi)
Concentration {pg/mL)
B)
120
B hot water @ 50% ethanol m 50% methanol
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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.

Means£SD (n=3) with different letters above a bar are significantly different by Duncan’s
multiple range test (p<0.03).
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