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Antioxidant Contents and Antioxidant Activities of Hot-Water Extracts of
Aronia (Aronia melancocarpa) with Different Drying Methods

Eun-Sun Hwang'?* and Nhuan Do Thi'

'Department of Nutrition and Culinary Science, Hankyong National University
’Korean Foods Global Center, Hankyong National University

Abstract This study determined the antioxidant levels and activities of hot water aronia extracts by different drying
methods such as sun drying, sun drying after steam treatment, freeze-drying, and oven drying. The total polyphenol
content, calculated as gallic acid equivalent, was the highest in the freeze-dried sample (910 mg), followed by sun-dried
after steam treatment (779 mg), sun-dried (769 mg), and oven-dried (757 mg) samples. Similar patterns were observed for
the total flavonoid and anthocyanin contents. Freeze-dried aronia samples contained the highest polyphenol, flavonoid, and
anthocyanin contents as compared to the samples dried by other methods. All antioxidant activities were found to increase
in a dose-dependent manner. For the hot water-extracted freeze-dried aronia powder (200 mg/mL), the 1,1-diphenyl-2-
picrylhydrazyl (DPPH) and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) radical-
scavenging activities were 65.5% and 61.7% and the hydroxyl and superoxide anion radical-scavenging activities were
50.5% and 52.1%, respectively. These results suggest that comparatively, freeze-drying is a better method for preserving
the bioactive components and the antioxidant activities of aronia.
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2 Bopgl7lt YRSl wglFolth(7). = FgollA Al
Hopb Aol 6-79 ARE of2U o}l Kok E499 A T
7rollA] Al Fol] lom EoFH-gsdo]l f-tal Alulrt 7HASE
o goa Arkero] FUHE o= FPHI JYrkB). o= o}
ol ZYHEIRE, R, AEA o T AT
Edo] FEHY o, ol EFELS s E, o)k, |
AFK F AENA ol B e A= dEA AokO-11).
olZUofoll= ThE WE|Fol Hla| QtEAoI AAavt dF53] #
of F& 2HlS YERAL(9) o] Qe AFFaAIU HAAESE
2 888 F dve 7kl me E=oh(12). ofE Yool diH
o] Y& StEAOPIS cyanidinzt ZAEE wigA| 2] ez =AY
3l 3-O-arabioside, 3-O-galactoside, 3-O-glucoside, 3-O-xyloside
S 4 EBdo] HaE UThO).

olZUols FEAIZ|7F AgtEe] A Efe] Hantew
3 AR o]g3pldle AV Ao THEE NES FEl 2
S5 SUrT= Age] Fasith olZYolE JHEAES
gaal] faiMe et A 9 Az wye] Hash,
7tHAE ofZYols 7Axste] BUE AxstE AY 2 &
o] golsla Tkt g F8rlsAol Eut
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AZE AEL HEsE £U0R QE ALEod o
o, duHos HES A% 4F A, A, JPE 2
AR BQ) W Uerdth13). BAelE Adaze]
WE PR AMgSlel gou), Foolt 9%, A3A%, $2
Az W Se) A%sy A4He WSl $85Y Ak §
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T ozolo] 8 Ees
=, QHEAlOPY, FehuicolE 53} o] g4 BAE AL
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OFZ oW Aronia melancocarpa, black chokeberry)= 20131 9
Aol A& Gzl ofZ o} AiEgolr 8] ol Ag A
A FYsth o= Yol o]EAE AABIAL MTo] MA st
7 R(EENE, S F d3ix, $A71x 3 BAx)
o7 AZRANZA dFAZXE 2527°C A20lA 747 AZRAA
3, 28 T AdPARE 28 R7|(Tefal, Seoul, Korea)ol] 2 &
3L 7FEERA 717 SRteH ofRUolE Yol 5% B A
o] 2527°C A2oA 8-9U7F AXAAT. FAdxE §44
Z7|(PVTFD20R, Ilshin Biomass, Gyeonggi, Korea)S A}&-3}¢]
12A7F AZA AL, LEAZE 70°Ce Zgo] QoA 1247}
B9 AZNAT AZRAZ] A FE 4FE 7] (Phillips Electronics,
Seoul, Korea)E ©]&3l] HI3slsle] &8 AlEE ARSI T
2 A3 A8 Folin-Ciocalteu's phenol reagent, gallic acid,
quercetin, 1,1-diphenyl-2-picrylhydrazyl (DPPH), ascorbic acid,
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic  acid) diammonium
salt (ABTS)E Sigma-Aldrich (St. Louis, MO, USA)ZHE ¢
SIStk 2 o] RE Aok Bl A3tk EFAIokS AR

AZHE gElsle] A 4F9 oo} HRAIR AR F
Al 25u9] FF 7¥ek & 100°CelA SR Zslas] 6A17F
FQF 33 WHE FESth. FEES AF $ IAAYEFET]
(EYELA, Rikakiki Co., Tokyo, Japan)= 553t & S4AXAA
sl gk & 20°Ce] s 9 Al ARSIt

0

oF 05mLe EF3 F 387 Ao WAl & 2% Na,CO,
SmLg Hrker H 2A17F Bt bAoA wESAIZl F, 760 nm
o] microplate reader (Infinite M200 Pro, Tecan Group Ltd.,
San Jose, CA, USAYE ©]83}9 S =(O0D)E 43It A&
o] e F ZTTE FL gallic acid (6.25-100 pg/mL)2]
FIXE 58l AR g gallic acid equivalent (GAE)Z UER)
At

—

Ot

EofH0|E & 24

olZ2Yo}l FZE(I mgmL) 1mLel 2% aluminium chloride
methanolic solution 1 mL& &E33F F 1587F A-2ox w3271
T 430 nm®ll 4] microplate reader (Tecan Group Ltd.)E ©]-&3}

FFEE 2SN AR FHE F Fohwols gL

quercetin (6.25-100 pg/mL)2] FFFAE F3t] A8 g quer-
cetin equivalent (QE)Z ERJATE

& CtEA|ofL! &2k 24

F UEAloRd 32 Giusti®t Wrolstad®] ¥ (16)0] 28 +
aigirh. AT ofkZYol A& 0.1 gl 0.1% formic acidE
3 methanol 5 mLS Yo] 2087} sonications &to] ArE9l
w2 2ottt o] FA4E 33 o RHESIT S-S 40°C
2] rotary evaporator (EYELA N-1200A, EYELA Co., Tokyo,
Japan)E ©]&3t FFHI} T FEZEME ol&ste] HET &
2 FH3ITE AIE 100 pLoll pH 19] £ 1,900 pLe} pH
o] 45 $FE 1,900 WLE 7z 7Kt vortexing ¢ ¥, 520
nm&} 700 nmellA] microplate reader (Tecan Group Ltd)E ©]§&
3l FEEE AT o Al 93] & tEA R FHF
< A4S

A

HJIO EI_|°1_', 1z

% AEAOP - (mg/100 g)
= (A x 449.2 x DF x 12 % 500) + (26,900 x 1)

A :(OD 520 nm—-0OD 700 nm) of pH 1.0-(OD 520 nm-—
OD 700 nm) of pH 4.5
4492 : cyanidin-3-glucoside®] 1 mol & ¥AF (g)
DF : Xl = 20
12: % 5y
500: AIE 100 gdo=® 3Hksl7] fPBled 12 mL FEUdC] A
B A 02 g0 & Vi #
26,900 : cyanidin-3-glucoside®] molar absorbtivity

DPPH 2iC|Z oM &M =H

olZyo}l F&E9 MAFHFE DPPH assay=z =% 3ISich
(17). 96-well plated]] ¥=¥ FZ= 100 pL2} 02 mM DPPH
(Sigma Chemical, St. Louis, MO, USA) £ 100 pLE FH7I3h
T 37°Cell A 3027t RESAIHTE Microplate reader (Tecan Group
Ltd)2 A3k 515 nmolld] S22 243100 A|82] DPPH
gz gt AAF T ofgf Ao SA4E = S o
Ygste] A=A

RS A5 (%)
=(1-A& A7) FFEAE T A7 §85) % 100

ABTS ZiC|Z ofd &4 =3

olZuo} FEE29] ABTS B 275S SAATHIS). 96-
well plated] F=¥ FZE 100uLet 02mM ABTS (Sigma
Chemical) €9 100 uLE 718 & 37°ColA 3087 WHE-A1Z)
t}. Microplate reader (Tecan Group Ltd.)E AFE-3}] 732 nmell
A FEEE ZH3SI%Th A5 ABTS izl g bz
T2 ofg A SHE FHE S Uit AEsiith

AAF 5 %)
~(1-NE el FYEAE

o
el
N

Frel §4%) % 100

Hydroxyl 2iC|Z x| &4 &3

of2UYo}l FEE9] hydroxyl 2tz oAl €4S Chung 59
WHA9S 2 A 92A w¥ste] S5tk AEHe] 1 mM
FeSO,/EDTA £ 02mL, 10mM 2-deoxyribose 0.2mL, A&
02mL, 0.1M phosphate buffer (pH 7.4) 12mL % 10mM

H,0, 02mLE A# = 7kE Foll 37°Cellx 1A17E BheA1R &
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2.8% TCA €9 1mLE 7}8I3L 95°C 87304 10827k Wkg-A
721 & FYst 532mmollA SHEE g3 AR Y
Z AT ol e ZA4E 3% TS Uidslke] AkEi
Inhibition (%)
=[1-RAE #F7He SF=YRE F J7H9 $545)] % 100

L L

Superoxide S0|2 ZiC|Z N &M =X

olZUo} FEE-9| superoxide 0] 4752 Wang 59 W
HRO)SZE FA3ATE AIE 005 mL, 04 mM xanthin, 0.24
mM nitro blue tetrazolium in 0.1 M sodium phosphate buffer,
pH 8.0, £2:94(0.048 unit/mL xanthine oxidase in 0.1 M sodium
phosphate buffer, pH 8.0) 0.5 mLE #7138l 2 E§ste] 37°C
oA 2087 WH3AIZI ¥, 1 mLe] 70 mM sodium dodecyl sul-
fateS H7bete] N3-S AAAZTE FFEE 560 nmolX 4
stal Al®e gt AT ofefl 2ol oJsf ALttt

Inhibition (%)
=[1-(& JA7Fe FFe)RE T 27 S8 x 100

ey =8
olZujo}te] AL Oyaizue] WHARNEE ZH33H A&
1 mLe] €12 2+=H200 mM, pH 6.6) E 1%2] potassium fer-
ricyanide 1 mLE A2 71k thg 50°Ce] 8734 207
WA T 710 10% TCA €4& 1 mL 7Hted 13,500 gol
A 1587 Al e & AL A 1 mLell FFF 2 ferric
chlorideE 22t 1 mLA 71sted &3¢k § 700 nmollX] S84 =5
243t HEZTEE ascorbic acidES A|59F FUFEE A|Z

sto vlaLstlon, ¥ 4= Fos Yehiddt

12 JE

i

4 24

A AFtel| thet SAIX = SPSS software package (Version
17.0, SPSS Inc., Chicago, IL, USA)S o|-&3l] Ha3 FF=H3}
2 Yehlil, 7+ Azl 7kl ANOVA 248 sl F9
e g &, F940 Ael7t e @l tiEiA= Duncan's
multiple test2 p<0.059] FFAA FAIXA KoL A3

£ EojgE, & S0l U & otEAlON & 24

=, ZTEtE o= 9 QEEA]
ohd ¥ EAAI= Table 13 Zth ol2Yole] F ZvE:
T mg gallic acidg 71¥)°] TF 1gd $EUXS Al
910mge 2 7 wtoH, 28 ¥ AdJAR(T79 mg), YF=
(769 mg) B LEAZ(757 mg)dt ofZU o} =02 EA eI
ol2ole] F FgHwo|E TS querceting 71FOE T 1
g BAAZE ABoIA 901 mge® 7P Egon AR &
A3 7A %855 mg), AFAZ(769mg) D LEAZ(62.0mg)d o}
2o}l o7 YRt of2Yole] FHE F AFEAOI T
=% 100g3 cyanidin-3-glucoside TS 7|02 FAAX
15014 0.14mgo 2 714 Eow, dgAx, LEAx 9
$ dFA=RS ABAA ZHz} 0.10, 0.08, 0.07 mgeZ 7t
BES VERTH

o rlo
y

B »

A
El
=
A

s |y

F(()_'

Jeong 22y FAHOE FET ol2Yol BHe| F HE 3%
I ZHEwolE RHES S0, £ A= SEES F

R o= 3gHEo] Z}7t 7454 mg/gs} 74.6 mg/gR HAIEHA

My o

T A AEE FFE sk 2y 305

Table 1. The total polyphenol, flavonoid, and anthocyanin con-
tents in aqueous extract powder of aronia obtained by different
drying methods

Total Total Total
polyphenol flavonoids anthocyanins
(mg GAEY/g) (mgCE?g) (mgC3GY/100g)
Sun drying 769+34.5° 76.9+3.2% 0.10£0.002°
Sun drying after ~ 779+37.1° 85.5+2.6 0.07+0.001°
steam treatment
Freeze drying 910+43.2° 90.1+4.6° 0.14+0.005*
Oven drying 757+29.6 62.0+£3.9° 0.08+0.004°

Data were the mean+SD of three separate experiments.

**Values with the different superscript within the same column are
significantly different at p<0.05.

DGAE=gallic acid equivalent

JCE=catechin equivalent

9C3G=cyanidin-3-glucoside

2 Ao} fAbeHAl dehgth 3, S AsdE S et
gzuge] F dEdaFol 2zt 9.0mgeg 2 53mgglE Hi
22)9 v} A, A EF B2 2] Gje] F Asdwgs
20.9-28.8 mg/gZ HI1(23)5 0] ofZUololl= thE wlg|Fol vls|
=2 HE=sRES Isle 28 € 4 Utk Kim and Shin (24)
2 BRA B@71e] F wEdEe A= wEt 9.38-12.84 mg/
g0 2 B vigs DrolA 7P B2 dHE sghEe] X
Sl Aoz RIS ool AxE T Wl ZEE
siRtEe] e WiElRe FF 2 sl Tl wE thEd
n)&3he] geutd 71odalal S-S & ¢ Urh24,25).

Kim 526y Az w2 2wz shid & =3k

> dFAZ £o7 F 59
E3RHES] de] Skl Basted B Aol fAbsHA o
B FEEAM =
HEFHES 2163 mg/100 g0 & QEAZS Tl 3HF147.9
mg/100 g BT} EUTHL BT it o= AF &9 H=
AEe fr1eH Boke B 22 FA4o] st guldA &
F&ol £1(17), A2A AYE & A5 AEHE 975t
el Be7t 44 dolu A9 wE 2 FefEyol= g
go] Frlshs AR HIEI UTH28).

Yook 529y X% 7FgRAME] F AEAOMD TS H4
g As} —70°ColA FAAZS A|FEIF 80°ColA FFEAZRS
R0 28] 71F =& EAlod S ¥ty RSl B
9} fAke 23S Jelih

AxdHol e its 2y
AxNE Gejsto] Alxd olmlo} deFawe] s &

A
4J-e DPPH ZZ 4£7%, ABTS @H)Z 271%, hydroxyl 2}t
7 27, superoxide anion THU]Z AT H FLFE] 571
oz =43t

ol2Uo} E4FEE2] DPPH it 2AEAL Table 29 7+
t}. DPPH zlZ-2 wepd sstEz dvtsl g8 Ad 22
I whgsled Az A4E ol g ulb
He 540 dt30). olR2Yet FEES] vt TUEFE
DPPH 2tz &AAZEE S8 T4 71ZS ol o} AR
o] 7% 200 pg/mLolA 65.5%<] DPPH &tz AAEAHS B
o, dFAZ, 28 T d3Ax 2 EHZRS DPPH U &
AL (52.0-59.7%)°1 HIs] =A YERsT) ol2Yol &5 200
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Table 2. The DPPH radical scavenging activity (%) of aronia
extract powder obtained by different drying methods

Table 4. The hydroxyl radical scavenging activity (%) of aronia
extract powder obtained by different drying methods

Conc. Sun Sun drying after ~ Freeze Oven Conc. Sun Sun drying after ~ Freeze Oven

(ng/mL) drying steam treatment  drying drying (ng/mL) drying  steam treatment  drying drying
12.5 6.3+1.5° 7.6+1.2° 9.2+1.0°  2.1+1.1° 125 4.8+0.9° 4.5+0.7° 74+0.5°  3.4+0.2°
25 10.2+2.1%® 11.441.3% 12.9+1.0°  6.4+2.1° 25 8.7+0.6° 9.8+0.3° 12.2+0.4* 7.9+0.2%
50 18.5+1.5% 21.6+3.0° 23.0+£0.6" 16.3£1.7° 50 11.4+2.3% 14.4+1.5° 244420 13.0£1.2°
100 30.6+1.8° 35.9+2.2° 40.0+2.4*  30.8+1.9° 100 22.8+2.4° 24.1x2.0° 454824 203+2.5°
200 52.0+1.8° 59.7+1.8° 65.5£2.9°  53.1+0.6° 200 37.0£2.5° 40.8+2.8° 50.5+2.0°  33.042.2°

Data were the mean+SD of three separate experiments.
*®Means with different superscripts in the same row are significantly
different at p<0.05.

Table 3. The ABTS radical scavenging activity (%) of aronia
extract powder obtained by different drying methods

Data were the mean+SD of three separate experiments.
*dMeans with different superscripts in the same row are significantly
different at p<0.05.

Table 5. The superoxide anion radical scavenging activity (%) of
aronia extract powder obtained by different drying methods

Conc. Sun Sun drying after ~ Freeze Oven Conc. Sun Sun drying after ~ Freeze Oven

(ng/mL) drying  steam treatment  drying drying (ng/mL) drying steam treatment  drying drying
12.5 1.8+0.6° 2.1+0.8% 3.3£1.6° 2.3+1.6® 12.5 3.9+0.8" 5.1x0.7° 7.7404*  2.1£0.6°
25 7.3£1.0% 5.7+0.8° 8.8+1.4° 6.4+4.8° 25 8.7+0.9° 9.4+0.8° 15.0£1.2*  7.5+0.4°
50 13.042.4° 12.242.0° 19.340.9°  7.942.9° 50 18.0+0.6° 13.1£0.5"  27.9£0.7°  9.6£0.7°
100 30.7+£2.1° 29.1+0.5° 36.9+2.2°  23.1+0.8° 100 33.3£0.5° 33.9+0.9° 43.140.4°  21.6+0.9°
200 52.94£3.6° 51.3£2.0° 61.742.4°  45.0+1.8° 200 40.0+£0.9° 42.9+0.7° 52.1+0.9°  35.0+0.5°

Data were the mean+SD of three separate experiments.
*dMeans with different superscripts in the same row are significantly
different at p<0.05.

pg/mLollA @ BAZE A 8(53.1%)s LFHZ AlE(52. 0%)011 H]
3] thAk =& DPPH #HZ &AZAAE Bion o
B4z Atoldls TAIARL foxtel7t gisith

olRuUo} F&E9] ABTS 2tz 427242 Table 39 et
Wtk of2Uol FZE9 ABTS o]zt AAZAHL olzio}
FEE] FE(125-200 pgml) ojE=FHo 7 =yl ol2Y
o} FEE F&=7F 100 pg/mL ©lsllXE 37.0% ©18ke] ABTS
g 2ATE BIoY ol2Yol FEF F&=7F 200 pg/mL
o7 FUN5hl wet oF ﬁé?& A RS AQdsta BE Az
o] AFoA 50% ool =& ABTS Bz &7 A& JE
Wt TAAxg O}EL]O} ALLA 7% 200 pg/mLolA 61.7%
o] ABTS HZ &ASE S Hof, 9371%, 28 & d371x
2 9B Az ABTS )z 2434 (45.0-52.9%)00 &) <
AHog A e

olZUo} FZEE9] hydroxyl 2FHZ 2752 Table 49 L}E}
Wk Hydroxyl oz w777} uﬂ_r 3 HkgAdo] 7ksk &
Qg Ay o] BRI 4A vheste] Al QZH&
e T2 FeE dEA ATG). 75_3_&?1 ofElo}
+9| hydroxyl 2}tz 27 2/de] the of Hs =4 L}
Efth @ 271%x0] AS tE AIEE H]OH hydroxyl gz &
AZAo] 7P Wokon, 200 pg/mL FEO| ofRYol FEE
A AN EZF] hydroxyl S &A% Aole FAAZ(50.5%)

T AFAZ(40.8%) > LFAZ(37.0%) > LEAZ(33.0%)

so2 =7 YEtth 200 ug/mLe] ol2uol FEE FEolA
28 F AsPAzI A7 hydroxyl 22 271%5°] 40.8% 1+
i} d3g3Az AlFEolA YRt 37.0% Rk thA =2 hydroxyl
gz 2AGEE Bov BAH frode gl

olZUo} FEE9] superoxide 2ol FEId &AL Table
59} 22t} Superoxide =01 E}ﬁ]?‘(o ) AARAEL X150l
ok tstE o] AeAog AY e sz depRkE A

off
(RO
BN

o
to

&

Data were the mean+SD of three separate experiments.
*dMeans with different superscripts in the same row are significantly
different at p<0.05.

Aoz v = UsAE FAs] fs e ol8Ha At
== =
o

(20). TAAZS AlF2] A% 200 pg/mLoAlA 52.1%2] 2~AEA
=2 E@l dFAx, 28 F dFUx 9 e Bx] 4A7F(35.0-

Sa=i=
=9 g % Table 6ol YEk
2 EZ0] electron®]h
hydrogeng A& + U= 58S A7) A3l 29 o1&+
a 9;1‘:]'(32) g e o] A2 AHrEr
AA7E A &2
%&E—ﬂh% Uy, =& 39498 7He S2YTE 8RS
ol = JeEhIt(33). B FE(12.5 pg/ml)2] ol2yo}l &
EolXE Zhzte] Azl whE o] Ajolrp AR oF
oL}, ofZuol FEEL] FErt FUI5l wEr S| xjo]
7} FElo] HAHAL e it B4 assayet FARH
A7z AFA 7Y T2 $YE S VEE 84X A8
Me 7P e Eh8S YRtk okEYol $H(12.5-200 pg/
mL)°] Z7Hgel wet % oEH o R Fdge] FUIsIAT

E=AAZ3 olgUole] dtal EAo) q.f': AzH o Ha)
o =7 Ueigen ol $A7AZx o F dE, EeHeo]
= 3 Aol Bl ohe ) 3 9 Sl e 2
I AAE T Aok Az wE 2E JFERAET}
Asw ] o Azl Lf]r ity vl 5o A
M= F EevE sistEe] § °] 715l wet stst &
go] S7tetha Harskal gle A} & sk A
o2 UhERgTh29,34).

LEARE v Az vE) ilsEd 1
o] 7P YAl YEsith ole AT
de] &do] 7aE AoE Alsdy. Ax ¥ F
3} G5 Y8 F= F0E BHIHI Y} &
BUolE XA & FaAES FE57] fI=) 10

kil

Flﬂl r_rEE

F¥E of
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Table 6. The reducing power (OD at 750 nm) on the Fe** to Fe**
transformation of aronia extract powder obtained by different
drying methods

Conc. . Sun drying after
(ug/mL) Sun drying steam?reagtment
12.5  0.080+0.001*  0.079+0.001* 0.084+0.001° 0.076+0.001°
25 0.096£0.002* 0.094+0.001° 0.102+0.001* 0.087+0.001°
50 0.163+£0.001 0.156+0.002° 0.183+0.002" 0.150+0.001°
100 0.250+0.006°  0.237+0.002° 0.282+0.003° 0.227+0.002°
200  0.403+0.003° 0.361£0.003° 0.47620.003* 0.351+0.004°

Freeze drying Oven drying

Data were the mean+SD of three separate experiments.
*Means with different superscripts in the same row are significantly
different at p<0.05.
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