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Abstract

The objective of this study was to investigate the antioxidant activities and anthocyanin profiles in the anthocyanin rich fraction
(ARFAM) of Aronia melanocarpa, which are considered functional substances and are available as food coloring agents in Korea.
Anthocyanins were identified by reversed-phase C18 column chromatography and HPLC-DAD-ESI/MS analysis. The antioxidative
activity of the acidic ethanol extract (AME) and the anthocyanin-rich fraction (ARFAM) was determined by scavenging of the
diphenylpicrylhydrazyl (DPPH) radical, the hydroxy radical, and the superoxide anion in addition to reducing power using a

commercial antioxidant as a reference.
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Welfoh Aol s e AZgel e X
T FE sEy BA BAe Fa% Adolth B

Z A4 2](black chokeberry)2til B2l oFEUY oK Aronia
melanocarpa)= FAFAC HAX 4] A5E FHLASH
ARSEDL Qo dulfrt 9f AHet f:’z}(Valcheva Kuzmanova

S & 20053 thF<eh(Lala G & 2006)S e Theksh
gt S HoaHRE 7}%];!_ o)t} ofzujo} wlEe
FEELS o H&FAE Adsta S AT

/\]—/\gﬂq%l-_/] HL/\gJ,]_ 0:1 u]-ﬂ_,] Ag/\].g 71—/\/\]7]:
A7} el ¢eA thHan GL T 2005, Olas B 5
2008). FA| AHEEE W 2R/l A 7}%} 2 ksl &4
< Yelg& Ao] okZyo} wlg]e]™ blueberrylt cranberry
B} o 2 g1k 248 Yelle AL 52 359
He4 SES A#o] rhZheng W2F Wang S 2003).

o=} Hg]el chlorogenic 2 neochlorogenic acid, 57}
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9] quercetin F=A4, ¥ Bd AAEo] 2 FF°o
Z3HE A ATHGu LW 5 2004, Oszmianski J2} Wojdylo

A 2005). =3 O}EHOMI 7H TR ZEHEAd 4t
3t e F st AdEACdolH olzyol Hig=
cyanidin-3-galactoside®} cyanidin-3-arabinoside, cyanidin-3-
xyloside, cyanidin-3-glucosides 47} &7F2] FEA|obd

© 2 FAd= o] ti(Slimestad R & 2005).

ST ohzUiole] AE W ARl B AT
R A ofEE % A REE A, EE 54 7}
FEYOMI ot AFE tyow o sl Wl
ofzUjole] SHEAlolI #3o] 7hx: mAF ATy

Hr7hs A YA X3 Aol I E]‘o 4
ojuf ol E3bE ZH7ke] FEAlopd S| Hlmol lo]
AE AdEA oY H(anthocyanidin)®] F5, 3IO]|=FA|7]
(hydroxy group)®] 7H<7, H-2d GO F/et 7, oA
3Hacylation)2] 5o 7103t A= 1:}% gatx 71z
S 7HAA HaL o]2dk §shE Fxol o) A= &
AESH ZA, BAl&E ol 2atd & o= A
(Wu X 5 2004)2 Telste] 2 Ao A= the ghalo]
U Foll 239 HEA bS] F/ B QFEAJoPd ] 9
3t Aggd AAE HE2 YT dev) vty I

s)oj T,
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AP AR ol 2 Yok B2 A e, 2013E4hE A
ol A, ghd A& Fdst] EAoll AHgS)
. AAABE FAAESI 243 o 100 mash size
3} sho] -20°C Bt AT FEAG F

&2 10 goll 0.1% hydrochloric acidE 73 SH/HTFS
A7¥ete] =z stellA] 2443 FE3H o1, ofF o}
JEAR}F EEELS AEARE FZEE94 C18 Sep-Pak
SPE 7FE ] X|(Water Co., Milford, MA, USA)S ©]-&3&}<]
2 ARl & SRTY 10% HEHEE AlFsta oAl W)
G2 85 BEsto] ARSI

Ao A8 AleF 1-Diphenyl-2-picrylhydrazyl (DPPH),
a-tocopherol, butylated hydroxyanisole (BHA), (+)-catechin,
quercetin, vanillic acid, ascorbic acid= SigmaAKSigma
Chemical. Co., St. Louis. MO, USA)e] EFAIFS A&
Eipied
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2. DPPH radical &7 & AH

ANgFo] olZUol FEFE(AME) 2 ofZUjo} AEA|
ohd E3Z(ARFAM)S FXH(25, 50, 100, 200 pg/mL)
2 A7} o2 100 mM tris-HCI buffer (pH 7.4) 400 uL
3 0.5 mM2] DPPH 1,600 uLE 371g 3 20837 oH4lo)
A RESAIZ] F UV-1200 UV/VIS spectrometer (Shimadzu,
Kyoto, Japan) 517 mmolX SFE=E 435I HBIlois
MS 1958). ojul 71&3x} DPPH7} Q1= initial (Ai), I
blank (Ab)E ZA3IH, A2 A7} T FRZ(As)E =F
3kal, RC50 (pg/mL)2 SES H7IsHA g2 tixae
HE 50.0% TAATE SESY sEE UYEH, 71E
o] &HiksbAIQ] a-tocopherol, BHAG S ¥4 d4bskE}
(+)-catechin, quercetin, vanillic acid®} 4% H|3}H T

3. Hydroxy radical & X

ol2Uo} 25 Y ofZUo} QRFEAJoP #2]9] hydroxy
radical &7 247142 Fenton HFg-ol| 2]3F 2-deoxyribose
7} hydroxy radicaloll ]3] 4F3}=o] malonaldehyde®
3H & chromagene FAst= ATE SHs= WHES
0] 83l HUnno T 5 1997). o}2Yo} F=&E 9 oj2

Al et e] 2] A 30 Al 55 (2014)

Yo} etEAjobd B3] =l A 7(5.952, 11.905, 23.810,
47.619 pg/mL) 0.075 mLE eppendorf tubeoll HIITE 1
mL2] 0.1 M sodium phosphate buffer (pH 7.4), 0.2 mL2]
10 mM 2-deoxyribose, 0.2 mL2] 10 mM FeSO4-EDTA,
0.2 mL2] 10 mM H,0, 2t} 7}stef 37°ColA & dHl=
4NZY ok Wk AATE 18 oS 1 mLY 2.8% (wiv)
trichloroacetic acidE 7}ste] ¥H&-S FAAIZ] Fof] ThA|
1 mLe 1.0% (w/v) thiobarbituric acid TBA (Sigma-
Aldrich)& 371t & o] 9kgd& B = 108 < A
25t & g4 WZA7]a, UV-1200 UV/VIS spectrometer
£ o] 835t 532 nmollA FBEE SA st AAsIA
Hydroxyl radical £AEA AL olZYo}l AEAJoA
28E2 Vb Fxol wel hydroxyl radicalol o]l
2-deoxyribose”} 4FslE= A& A= HIEE A4kst
H, 7]Ee] A AESHAIQD (+)-catechin, quercetins T
ZTOE A% HnEty

4. Superoxide radical A7{ed A

olZ2Uo} =5 9 ofFYo} EEAJoPd -89 superoxide
radicals 22718432 NBT (nitro-blue tetrazolium)3HH -2
AREsE] HA S TH(Parejo 1 5 2002). =, 3 mM xanthine
80 pL, 0.05 mM sodium carbonate buffer (pH 10.5) 1.92
pL, 3 mM ethylenediaminetetraacetic acid disodium salt
(EDTA) 80 L3} 0.75 mM NBT 80 pLE TFAH &3
of olZYo} FE= B ofRUo} AEAH] =S
4.908, 9.816, 14.724, 19.623 pg/mLe] FE= Z}7F A
stor, tix7= AR 4ESHAIR] ascorbic  acid,
quercetin, (+)-catechin 0.613, 1.227, 2.454, 4.098 pg/mL
ol FEE 747} st o] EES 25°ColA 10&
2t incubation 3FH, TFA] 1.0 mLe] XOD (6 mU/mL)E 3
7Fete] Hhg-& AlRFGE & 25°Co| A 2087F WHSSHA T
1% 0.02 mL9 6 mM CuCLE #7}ste] ¥kg-S %
AZl & 560 nmolM FREE SAHBACE FEE AE
A7} <ol - NBTEO gk AallsS 50% A7)
= gFE9 FX(IC50, 50% inhibition concentration)Z
e, 48 4EsAIR] ascorbic acid®?} (+)-catechin,
quercetin THZT O 2 A& H| w3} T}
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5. 1 A

=1 a

ol2 o} FZE 9 ofFZ Yo} FEAOPI #Fo] 3
82 Oyaizu®] Wyl we} S8R THOyaizu M 1986).
0.2 M sodium phosphate buffer (pH 6.6) 1 mL, A& 1
mL 2 1% potassium ferricyanide 1 mL< 7}slal, o] &
AEES 50°CAlA] 2043 ¥HSAIZ] F 10% trichloroacetic
acid 1 mL< B3tk ¥H&o] ¥ E3dES 1000 rpmell
A 1083 dAEEEe 42 A 2 mLI WEE 2



ofu]o} £:2% Ul o}z |0} QhE Aol 28] 9]

mLS 23 0.1% iron chloride €< 0.1 mLE Y&
UV/VIS spectrophometers ©]-8 SFEE 700 nmolA]
Aslgh WA Fe 3 Fe?'71e] transformation®l] 2
st AEAE el F3 % o]l 45 =2 3
98 Uit tix7=2s 48 ARl ascorbic
acid, a-tocopherol, (+)-catechin, quercetin® AF&-3}53T}.

AN o

5. SAIXzE|

Ao 33 W AN on, fo4 AEL 9k
statistical analysis system 6.0 for windows program (SAS
Institute, Cary, NC, USA)Z ©]&3Fd ANOVA analysis
2} duncan‘s multiple range test 'WHOZ 5% Tl A F
odE B

I, Ao 2 n=k
1. DPPH radical A7 &M

oo} 35 B ofZ Yo} QtEAloRd 2E2] DPPH
free radial &7 AL YHHF O T A EA| o Ho] &)
3= polyphenol 3§1&<1 (+)-catechin, quercetin, vanillic
acid?} HlustATh HAFAASse AFA4E RS A
HHoE do7|= Whgol| A= 434 free radical
of AAE AlFate] 4kste] Xa#g-& AAAZIT 4hs}
A free radical-> A Ul SR Tl @3} A Z o)
Ad S5 ASIAIA gol] It AY DNA 5ol &4
doA Zhg AWS doye ASZ UHA ATHAmes
BN 5 1995). DPPH= d4tst SZ2RE A} &2 &
A o HgtZdE HEEUEA FFT7F wsgol
mel e Ao dAEE AEE ARE 3t it
3} 58& =435k Wolth kAN o] W2 DPPHYF
pH, ¥ J8]3 &% T1gstA d&e v Aol &
o2 AdHA YthYoo KM 5 2007).

oo} 3= B ofZ Yo} QtEAloRd 2E2] DPPH
radical 2AE442 34 4HSA|L polyphenold 3H3HE
273 vlwste] v A4S BT IC50 (ug/mL) #k
o] Z}7} 148.04 L 74.08 pg/mLE UER} of2Uo} F&
& Ho} of2 Yo} FEA R B4 T & DPPH
radical &7 &4 Table 10 YERHATE o]} B]aste]

[

Mish e anp 8575

e

o= AR 4 4kskA|Rl BHTZF 13.59 pg/mlL,
a-tocopherol©] 16.50 pg/mLe] ZA¥} e YERAAI (4)-
catechin® 11.79 pg/mL, quercetine 12.92 pg/mL<S UE}
UA=T] (+)-catechin, quercetin®] ZHH]Z LA 0] =
S AL FY3 o-catechol LELS 7HA 1L Y& GFA &
Ef2] polyphenol®] 5AE 7Rl Q7] WESE ALRFH
™ ofzuo}l QkEAJohd #32] A9 o7 o-catechol
52 7L e A FE] polyphenol? AR
Az LS 7HA7] HaliA = o2 Yol FEAoPT &
g =9] 74.08 pgmLETH H2& 75 pg/mL oo =7}
g sojof & Zlow FohAth ¥ vanillic acid®] 73
200 pg/mLe] ZAFAAME IC505k= YERHA] E31H3
o]k AR w57t STl = w9 BHA fAIE A=
d] ©]= vanillic acid’} 7FX]& o-methoxyphenol T30l 7|
Qlle] EARFG3le| o HA}HF(electron concentration)
o] Aoxo] 7] o2 AyzhE oIt

H|Z of2U o} FZ& 9 olEYo} QIEAol B3 &
9] DPPH radical &A&A o] 34 d4+elAY polyphenol
A seE dxrEo 22 848 Uepdgloy &7
2], Zdng], X EF) A DPPH radical &~4&43S 7
Ae A3} 1C50%k0] 280~340 pg/mLe] FFolA izt
o] il R ISR THOszmianski J2F Wojdylo A 2005).
ol9} Hlwste] B ofEUo} FEEFS TE Hlgl{F B
ot oF 2ul, of2Y o} QFEAloI EEES] 79 TE W
2l Bk oF 4u) oo w2 ks A4S 7R 9
22 ¢ 4 ok Lidija J $(2007)] Hao] o)sd o}z
Lo} 3FZE9°] black currant red raspberry, blackberry,
sour cherry, sweat cherry, straw berrye] FE2EHT o &
2 F AEAoR F 2 FHE FFE A ol w
2} trolox equivalentol] 23+ ZHo o3 7} w& Ak
3 EA48 /Kga stk #yk olyzgh Bermudez-Soto
MIJ2} Tomas barberan FA (2004)= oFZ4Yo} duf7} 714
= kst Aol ofZYote] xFHE A Je FEAOL
o] of 33%9] TREE 7Hits HuE T3k, of=
ol QtEAoM REES] A T FEE HY QME
Alobdo] 7kAl= BolAdell st HAFoFo] EaL

radical & &A% o] =t AS & 4 o

Table 1, DPPH radical scavenging activities of water extract and anthocyanin rich fraction in fruit of Aronia mefanocarpa

Samples o-tocopherol BHT AME"

ARFAM?

(+)-catechin Quercetin Vanillic acid

ICsp (ug/mL)  16.5+0.2°" 13.6£0.2° 148.01.5°

74.1£0.3°

11.8+0.7° 12.9+0.5° >200"

DExtract of water containing hydrochloric acid (0.1%)
2)An‘[hocyanin rich fraction of Aronia melanocarpa fruits

Mean values+SD from triplicate separated experiments are shown. Mean with difference letter (a-f) within a row are significantly

different at p<0.05.

Korean J. Food Cook. Sci. Vol. 30, No.5 (2014)
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2. Hydroxy radical 4 Z#XN

Hydroxy radical(-OH)-2 &4k F WH&-/Ado] w9 7
st QA AFslell FH AEE she o2 dEA A
(Chung YC & 1997). 53] hydroxy radical> DNA
purine ¥} pyrimidine @715 FAPEA 0= FAsIA] TheFs}
A AZAE B olYg} deoxyribose-itS F4
DNAAFES] Aik(scission)e Yo7ty <&, TWAHSS,
A7t Es HESd, HA4S g, A2 H 9

P 4

3 A= SAEC] %ol BEuEI JTHRice-Evans CA
= 1996).

Fig. 1014 R+ vk} 2o] quercetin®] 73-%- 23.81 pg/mL
28] Al 16.31%2] hydroxy radical 24848 YERA S

5t SETE &2AEA0] wokA 47.62 pgmL A
g Al 27.11%2] &2AZEE UERARATE =S (+)-catechin
o] 7% 23.81 pg/mL A Al ANEAEE UepiA ot
7} 47.619 pg/mL X 2] Al 16.24%2] £2484S e
ot ol2UYo} FE5, ofEZUYo} EAII &9 7
9-97.23 pg/mL A& Al 7+ 13.00, 6.46%2] 2ATAE
YERN ST Hydroxy radical A3l€d-S hydroxy radical
< 50% TR AdfsheH 87 H A= FE(ICS0)E
Bl &S o quercetin?} catechin Z}Z} 79.24, 143.41 p
g/mLolRal ofEYo} FEEL 469.10 pg/mL, oFEUo}
StEAloPd BB E-2 36777 pgmLe 55 eI
(Table 2). Quercetin®] 7-%- hydroxy radicaloll tigh 4A
ZAgo] g =ob A hydroxy radicalS AAAE
282 4 AsH olH7 olf+= quercetine HARHS
e =2 HHAPS 7HAEE hydorxy radicalel A &
2UAE FAY F 7] HEeE ARHXIY. WA
(H)-catechin®|L} ofZUo} QFEAOPA EFEo] 7
quercetin 20h ThA 2 45 YRS ot
L (+)-catechin®|L} o}ZUo} QtEAJopd R 3 Eo] 7
hydrogen peroxideE A&Ask= 715 ¥4 ok} hydrogen
peroxide 285 A5t hydroxy radical®] WA A
sh= 71 o= Agste Ao ® AE Xtk A Fenton
HE-S-ol A 2-deoxyribose, FeSO4-EDTA, hydrogen peroxide
(H20,)TF 3718 Aol 13k 2-deoxyribose, FeSOs-EDTA,
hydrogen peroxide (H.0,)] &0l (+)-catechin®]1} o}

¢

Ho W Ho

40 + Quercetin B (+)-Catechi

Inhibition (%)
r
(=]

10
0 ‘ .
60 80 1
-10
Concentration (ug/nf)
A

50 4
40 -

® ARFAM BAME

30 -

Inhibition (%)
(38
=

Concentration (ug/mf)
(B)
Inhibition rate of hydroxyl radical by different
concentration, (A) Quercetin and Catechin, (B) extract of water
containing of hydrochloric acid and anthocyanin rich fraction of
Aronia melanocaroa Miquel fruits ARFAM).

Fig. 1.

1o} QtEAlopd 8 Eo] A2 A% 37 532 nmol
A FBETF oA STRIAAL olERt olf= ofE Yo} ¢IE
Alohd &) EAsks HEAORT Aol (+)-catechin
/d¥-0] 2-deoxyribose 52 Conjugated =S FA3FH7]
jZoletal AZtE™ o] B3l hydroxy radicaloll ©]&
4L A7 WMo ®E AZEh o83 A= Ku
M 5(2008)°] Eargk uke} 20| (+)-catechind} 22 &4k
A7} guaicol-HRP(horse radish peroxidase)-H,O, system
S 9|83} hydrogen peroxide?] AAZA HAT=H
21©] hydrogen peroxide 427 &A4Jo] tha wrom HRPO
o) 4kslE guaicol®] (+)-catechin®} 72 phenolid &H4H

Table 2, Hydroxy radical scavenging activities of water extract and anthocyanin rich fraction in fruit of Aronia melanocarpa Miquel

Sample

AME"

ARFAM? (+)-catechin Quercetin

Hydroxy radical scavenging activity (ICso ug/mL”)

469.1421.7¢

367.8434.4° 143.4+66.4° 79.2+18.7°

DExtract of water containing hydrochloric acid (0.1%)
2)Anthocyanin rich fraction of Aromia melanocarpa fruits

Mean values+SD from triplicate separated experiments are shown. Mean with difference letter (a-d) within a row are significantly

different at p<0.05.

Al et e] 2] A 30 Al 55 (2014)
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3. Superoxie anion radical A7{gHd

AR AkskA 14kt I FF AREE AA
2A9] 0.4~4.0% HEE free radical, superoxide(O;-—)=Z
AgE ™ A3 superoxide= THE Reactive oxygen species
(ROS)Z Mslo] A3A = AR AEFE
fasles Aoz dHA Aok A4 O Z = superoxide
= U kst wolr)dellAl superoxide dismutase
(SOD)ol|l o8l w=A] FLsFAH0)E AT 1
g} o] Rl ksl oA A7 MEW 48l Sl o
FE FAh= 247 B2 AS AARHoE 4hsA
ZE# 27t dojuHA| HH o] 48td ~EH A= A3
o7 Al Y AEAS] &4 oAU AZEdE o
o7 T8 9E )t (Korycka-Dahl M 5 1979).

olZYol FEFE 9 ofFZUYo} AdEAPI HEF9
superoxide anion radical £AEE SA3I] T It
S}A2} polyphenol &&=} Bl ZINTable 3), °F=
Yol &5 9 of2 Yo} FEAJoPd 13 E9] superoxide
anion radical AAHZA]-S ascorbic acid4} quercetin, (+)-
catechin B th= $2 2AGAHS YeRHSITh 349 Kim
YC2} Chung SK (2002)7} 2113k upe} o] k=t of-g-2
=9 & ZY9=s & superoxide £AZAF Ao
AZ B4 ABAST7Y 08111E B Z o2 Yyt
o] A¥e} HwF S wf ofF o} FEAOP] EEe] A
T AdEANoIA 22 ZEHlsA 3=l superoxide
anion radical 2724 Uehll= ZoE dAdhEojzith
Al of2Yol FEE9 79 HlE FEA oIS 3
TFo] gGEAlOP] FIET UHA YBlRARE, FE=9
2301z & EYHEA FFEY 71ddd st <F
EAopd B33 FARE 759 superoxide anion radical
271845 Uehlle 2108 FehEo|xith

= 43

71&2] &4F8kAIQl ascorbic acid, quercetin, (+)-catechin,
o-tocopherol &A1& ascorbic acid7F 7H =& g S
YER ™ quercetin, (+)-catechin Z12]3L a-tocopherol

4,

rk
rio

| —*— Ascorbic acid

| —&— Quercetin

g 07 | —®— (+)-Catechin
= 06 | —®— o-Tocopherol
o

—¥— ARFAM

2 05 A

T T T 1
o 10 20 30 40 50

Concentration (#g/mf)
Fig. 2, Reducing power of several antioxidants and anthocyanin
rich fraction of Aronia melanocarnpa Miquel fruits (ARFAM).

o] o2 w2 9YES yehislt olek Hlwsile

o ofgUo} FE= B ofEUo} FEAOPD £33 7]
E A F 7 oFs g ES YERA a-tocopherol

2 Yehgon el FEE xo
o] Z7bshe AL Lehh, of
= 9l ojLjo} eHEAobI B o] 50 pg/mL
4 B BE gEH FUALL Uehlof
st 542 A1 gol e,

[ —

V. za2g

ol2Yo}l HIZ|ZERH FEE FE= XX
UGEAOPI #8& 53t ofZUo} FEE ofEY
o} ¢tEAJopd R3)o] a3l F%(DPPH radical 473
d, hydroxy radical €43, superoxide radical A~AZ 2
3UE) S dolRgtt} DPPH radical 24842 T4 &
AFSEAIY polyphenold 313HE tiZwa vlaste] e
A4S BT 10502 ofRYo} FEE(148.04 pg/mL)
Hr} of2Yo} QFEAJoPd £38(74.08 pg/mL)olA T &2
DPPH radical &7 42 YT} Hydroxy radical 2
AL 57t ST S AAEA0] BolAlE Ao R Y
Eftom, ofZUo} FE5, ofZUo} JFEAloPd #&&9
789- 97.23 pgmL A A 27+ 13.00, 6.46%°] hydroxy
radical 244 Yel)ATh E3FF hydroxy radical S
50% TFO 2 Asst=t QT EXE B E(C50)2 H

Table 3, Superoxide anion radical scavenging activities of water extract and anthocyanin rich fraction in fruit of Aronia melanocarpa

Miquel

Sample

Ascorbic acid

AME" ARFAM?  (+)-catechin  Quercetin

Superoxide anion radical scavenging activity (ICso pg/mL”)

1.14+0.18*

16.0442.68"  14.72£129°  3.24£025°  2.3620.25

DExtract of water containing hydrochloric acid (0.1%)
2)Anthocyanin rich fraction of Aromia melanocarpa fruits

Mean values+SD from triplicate separated experiments are shown. Mean with difference letter (a-f) within a row are significantly

different at p<0.05.

Korean J. Food Cook. Sci. Vol. 30, No.5 (2014)
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2 Al quercetin} catechin ZtZ} 79.24, 143.41 pg/mL, ©f
2ol FE257 #8=2 27 469.10 pg/mL, 367.77 p
gmLe] FEEF YERRITh ofZUo} QEEAJoPd £33
QEEAopA T} 2 Z2]5EAd 31§=E0°] superoxide anion
radical £2AZAES YERH, of2Y o} FEEE FEA
old B33} FARGE 2] superoxide anion radical 4~7]
e vEsT S8 HA A= 7 ofd g S
BRIl a-tocopherol HT= W A4S BYAT A &
55 EXS W Ao Itk AEES JEhAA
olZyol FE&E 9L B E] 50 pg/mL o) gelA F2o&
Wk w5 oEF 489S YEio] 4ks 58S Ut
A3 Aol 71t E A
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