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Abstract

To investigate biological activities in Aronia melanocarpa various drying methods were employed such as vacuum
freeze drying, hot air drying and cold air drying. DPPH radical scavenging activity and ABTS radical scavenging
activity of vacuum freeze dried Aronia melanocarpa was higher than hot and cold air dried Aronia melanocarpa.
Vacuum freeze drying method showed the greatest contents of total phenol (15.34 g¢ GAE/100 g), flavonoid (3.10
g GE/100 g) and tannin (2.46 g TE/100 g). Total anthocyanin content decreased to 163.52 mg C3G/100 g and
50.15 mg C3G/100 g for hot and cold air drying, respectively. Vacuum freeze-dried method increased the total
anthocyanin content (743.09 mg C3G/100 g) when compared with fresh Aronia melanocarpa (163.52 mg C3G/100
g). Total proanthocyanidin content of vacuum freeze dried Aronia melanocarpa has increased to 6.21 g CE/100
g more than eight times compared with fresh Aronia melanocarpa (0.71 g CE/100 g). Chlorogenic acid and
neochlorogenic acid content of vacuum freeze dried Aronia melanocarpa were higher than hot air dried and cold
air dried Aronia melanocarpa, increasing about three times compared with fresh Aronia melanocarpa. These results
suggested that vacuum freeze drying is optimal drying method to enhance biological activities in Aronia melanocarpa.
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A=

2 Adof] AFEH ol Yol F(E S 19, 2013194k,
Nero #5)°14 83 A& FY4ste] 20T ©lste] We
Aol B A RZ AMESIITh AR A2 2 &
< 98l olzYele] o, £V, HA] T ol & i) FAx
= AR AH T E71E AAS AIRE Q2702 AMS
Atk

A=y

A A& Azl olZ2YolE o] &3t T FAAZE,
dFx 2 YTz stk Aesadze AesEdd
Z7](SFDTS-10K, Samwon Engineering, Pusan, Korea)E- ©]
f3lo] A7, A xE €U 27](0F-13508, JEIO
TECH Co., Ltd., Daejeon, Korea)E ©]-8-3l4 50 CllA] 60A]
2, W3 zE YE7127](SIM-4, Shinil Industry, Yongin,
Korea)Z ©]-&-3to] 20Tl A 156413t B AZ31 e} A
Z F olzyole] R NFFHAAZ 09%, 54

Z 1.19%, BEAZ 359%2 Ao & Vet A%H ol
Yol T A7) (FM-909T, Hanil Electric, Seoul, Korea) % 1
B =0t B35lo] 40 mesh A= o] Fato] BA G AJg8

s

FEA M=
A EA S-S A FE2Y2 123 of2 Yo} 5 goll
80% et & 50 mLE 7}l 3FW )7t Fzkg

=
heating mantle|*] 80C, 34|17t 5% T Whatman No. 2

oA 2 cistste] AT oS B APl ALgALh

DPPH radical scavenging activity &3
DPPH(a,a-diphenyl-3-picrylhydrazyl) radical scavenging
activity= Blois(19)2] W& WEste] S35t 04
mM DPPH(in ethanol) 0.8 mLe]l ol gh-& 2 F&3~4 mL)S
715t 3 ERg Aol FHE #o] 095~0.99 MUt H=
= ole-&e] e 243 F A8 02 mLol| dellA 2gd
AR ko] o er-S-3} 04 mM DPPH €9 08 mLE 3 7}3lo]
10z B2t 28l Zeg T 108 <9k AoA vEgA17
T 525nmollA] §BE #2 575tth DPPH radical
scavenging activity'= &4 8/d 0] 50%°] F-&3t= Al 59

TEE AN ICo#e® YE I

ABTS radical scavenging activity &3
ABTS radical scavenging activity= Thaipong 5(20)<]
HP S WElslo] 233191t ABTS free radical 2 443 Al
7171 98l 7.4 mM ABTS £%90¢] 2.6 mM potassium
persulfate S 1:12 E3Fato] Garoll A oF 2447t WHS-A]]
% ABTS free radicale] A H £N-E 99.9% ethanol =
5]A18le] 734mmel| A FFE gkl 1.540.10] H =5 243}
%tk 24H ABTS € 27 mL 9} A8 03 mLE £5
B 5ok gAY F T3mmold FHE ke SH e
ABTS radical scavenging activity'= 227244 0] 50%°1 -5
e ARS FEE AN ICoo R Yehih

£ d&= g2 53
% ¥E -2 Folin-Denis'H(21)2 o] 83l %3131
t}. Gallic acid(Sigma Chemical Co., St. Louis, MO, USA)E

o

=

gole] EEAFTHES A 7, Al M7k o
5 ARe) $EE 233Gk FET 29 AR 1nL

Folin-Ciocalteu 0.2 mL2} 2% NaNOs; 2 mLE % 7}8he]
q

2 i

204 30+ B WHEAIZ] £ 700nmol A SR E w2
7 3lod, gallic acid equivalent(g GAE/100 g)Z ER
o}
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M
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Z FetE ol e 2t 25 0.5 mLol| diethylene



1020

o

glycol(Daejung Chemicals & Metals Co., Ltd., Siheung,
Korea) 5 mL¢} 1 N NaOH 0.5 mLE 37}k vortex(J-MF,
JISICO, Seoul, Korea)Z2 &3}3t &, 30C &43(B-491,
BUCHI Labortechnik AG, Flawil, Switzerland)oll 4] 1A]7F
B RESAIZL F 420 nmoll A FBE g S5k
(22). Quercetin(Sigma Chemical Co.)= ©]-&3}o] T+ &
A& 2443 T, quercetin equivalent(z QE/100 g)=
B ATt

S Paaver 5(23)°] WS WY st S5}
5 mLol 1% KsF3(CN)s 1 mL9} 1% FeCls 1
o] T3k &, ARoA 5% FF vEAIR
T 720 nmel A FFE #& S46rh Tannin acid
(Samchun pure chemical Co., Pyeongtack, Korea)E ©]-8-3}
o AT 24 S 2 tannin acid equivalent(g TE/100

9= Tk

o

% CtEAOfL! EE A

Z ¢tEAlold &aF2 pH differential method(24)S ©| &
3lo] =431tk A& 0.5 mLol| 25 mM potassium chloride
buffer(pH 1.0) 4.5 mL<} 0.4 M sodium acetate buffer(pH
4.5) 45 mLE 27 H7tste whAI7] &9 520nm ot
700mme A FBE #hE SHATE F FEAOM ke
ofgfe] 22 Fall eI

Anthocyanin content(cyanidin-3-glucoside

AxXMWxDFx1,000
ex1

equivalents, mg/L)=

A(Absorbance)=(As520nm-A700nm)pH1.0-(A520nm=A700nm)pH4.5
MW(Molecular weight of cyanidine-3-glucoside)=449.2 g/mol
DF(dilution factor)=dilution ratio of sample
1,000=factor for conversion from g to mg
e(cyanidin-3-glucoside molar absorptivity)=26,900 Lxmol ' xcm’'
1=pathlength in cm

ZZ2EAOH T Bk £F

Z2otEAJolYd $HF-e Hagerman(25)¥} Sun 5(26)2]
S Mg sle] 233tk A& 1 mLoll 1% vanillin (in
methanol) 2.5 mL<} 25% H,SO, 2.5 mL(in methano)E 22
T 30C 3-2%(B-491, BUCHI Labortechnik AG, Flawil,
Switzerland)l| A} 20% E<F ¥WEEAIZ] & 500nmel|l A S =
b& S48k th Cateching o] &3] FFHFFHS 2
<, proanthocyanidin equivalent(g PE/100 g)Z WERY

32 ox T

e

T2 ZAA-FEE A A23H A|7E (2016)

Chlorogenic acid % neochlorogenic acid &2 &3
Chlorogenic acid 2 neochlorogenic acid= A& &4
0.2 tm membrane filter=2 ] 3}3F & Zhimin(27)2] *H ol
w2} HPLC(Waters 2695, Waters Co., Milford, MA, USA)S
o] g-ate] A Bt Th FA271-E Table 19 YERAATH
ETF2 chlorogenic acid(Sigma Chemical Co.)%}
neochlorogenic acid(Sigma Chemical Co.)E |83l EF
AFFAE A% & A9 S ALtk

Table 1. Operating conditions of HPLC for the analysis of
chlorogenic acid and neochlorogenic acid

Tnstrument HPLC (Waters 2695, Waters, USA)
Column Atlantis dCyg 4.6x150 mm, 5 pm
Mobile phase A Methanol
Mobile phase B 4% Acetic acid
Flow rate 2.0 mL/min
Time (min) Profile
A B
0 5 95
Gradient(%) ’ > >
10 40 60
35 90 10
40 5 95
50 5 95
Injection volume 10 pL
Oven temperature 30C
Detection UV 360 nm
SNz

A= i ETUAE o] &8t YR,
214 #2912 Statistical Analysis System(SAS, Version 9.2,
Cary, NC, USA)S o] §-3lo] ANOVA #2415 A% &,
Duncan’s multiple range test% p<0.05 F=ol|A] 22 273
= AAs T

27 o 1

DPPH radical scavenging activity
Az" o) m2 of2yYole] DPPH radical scavenging
activity ICso(mg/mL)+= Table 20l 1 #k-& YERATE ICs
e s 2o FURYS ek, e az
A} v wslR S w AFFZ2AE ofZYole] ICsate]
072 mgL2 713 e g ehel 1Y we Paa
< Ad Aoz yehdth 45z 3 ¥FAxE o= Yo}
o] ICsoat2 27} 0.97 mg/mL, 1.60 mg/mLo] % 1L, A=
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2.86 mgmLE AZx F olZYo}o] ICs#k} Bl wet &
w sk kst S etk

Orak 5(28)2 G371z 9 FANXI ~E=HE Eg
dufj o] DPPH radical scavenging activity ECsoZk-2 2H2} 6.96
mg/mL, 2.13 mgmLE FIFAZTET TAUAZ Al o =2
gatele 2 Aok B 18k th Hwang?}t Nhuan(30)9]
AT = of2 Yo} H45-552] DPPH radical scavenging
activity =747}, Eﬁaﬁ?‘: Al 70C 82 vl o

o sl B8 AU Aoz e} B 2d Azl
2 A JeE Atk % 120) o] gaks} A Re
SR dF % A a2 23 %3&?329—

Az Aol #HETE ffoéﬁ} gAo] m& 3R 01?42%

12 Tz} vlwell S W WE
Az A 9 v ilslE s X]” Ao 2 Yepstet], ol
ofZY o7} 9 ARt Bt WFol A Akdol =FH Ao
FEFE v Aoz AY7HHET

Table 2. DPPH radical scavenging and ABTS radical scavenging
of Aronia melanocarpa depending on drying methods

DPPH radical scavenging ABTS radical scavenging

Sample activity ICy (mgfml)  activity ICs) (mg/mL)
Fresh 2861034 1.60£0.19"
Vacuum freeze drying 0.72£0.11° 0.38£0.05"
Hot-air drying 0.97£0.23° 0.5820.11°
Cold air drying 1.60£0.15° 0.46£0.08"

?Values are meantSD (n=3).
PMeans with different superscripts within a column indicate significant difference
(p<0.05).

ABTS radical scavenging activity

ZAzHPHo] w2 olZujo}le] ABTS radical scavenging
activity ICsoak-> Table 20l YERNSATE ICo#k S W35 4
Az olZYo}l 038 mg/mL, WIFZX of2Yo} 046
mg/mL, EF1Z olZYo} 0.58 mg/mL, A3} 1.60 mg/mL
To g A YewETh

ABTS radical scavenging activity+= DPPH radical scavenging
activity 23tel] F-g-5to] AFEdA=x ofmHolelA 71
E2 FAakstE & JERN 1A RE, DPPH radical scavenging
activity} ©2] ABTS radical scavenging activity'= & &7
ZHRO WFAxAA B e S AU e FoE v

¥
AN
& b= o

Az g otz ole] F 7= kS Table 3¢
Uehi g h 14—57ﬂ74?<01-i14 o}7} 1534 g GAE/ 100
UrEM%Oi , A7} 6.19 g GAE/100

= Ob__’ A= Ao Ve
1z ol2Yol= Z+7; 1049 ¢

GAE/100 g, 11.82 g GAE/100 g& g3la & Aoz
et

Hwang ¥} Nhuan(29)% G 223 TAAZ ol= Yo}
o] & ¥ S 9.1 g100 g7 H sk, Chung(30)
< es %—%af} TAUZ ofZYole] I s TS
117 g/100 go.& B sl B Ao ALeE AFEd10x
ofZuofo] Hlaf vt FFS YERHUTE. Wangensteen 5
GOl 28t 4712 2 ol2Yole] | dHe B F
= 1.08~2.31 g GAE/100 go] 9 & o}21jo}e] FEEo
w2 F s el A7t e EodFUT Kulling
T@E okmUole] FF, FEAIT], AR, s F e Sl
upet 74 Aol 9 & F Atka Bastod, of2yo}

94 & 151 5‘%—8— FE28, FF 5 D 2l o)

o

Jﬂ ?J%Wr kst G g duAE TR E

Ao g dei derl@8), & A= F v ol
P B& A3sd0x okmyolellX 71 &8 4t
= YT 7Hg 3304 s AR 7o 4
polyphenoloxidase ¢} peroxidase 2 Abs} & 0] 2h-gof ©
s TAYsk=wE(32), 2 0117\1 d¥dx 8 ¥Edxrt
Az Hla) e ‘/}F/Pﬂ AL w2 A%
2= 9 7 Az ARte s QlE Zil_ﬂ% 3t = A

33 & op| Aew AztE.

Table 3. Total phenol, total flavonoid and total tannin content of
Aronia melanocarpa depending on drying methods

Total phenol ~ Total flavonoid ~ Total tannin
Sample conlt)ent cogl)tent cogtem
(g GAE'/100 g) (g QE'/100 g (g TE'/100 g)
Fresh 6.19£0.94" 0.69£0.07° 0.68+0.03°
Vacuum freeze drying  15.3420.61° 3.1020.40" 2.46+0.16"
Hot-air drying 10.49:091° 2.130.14° 1.87£0.02°
Cold air drying 11.82£0.10° 1.85£0.13° 1.4240.09°

l)GAE Gallic acid equivalent.
QE Quercetin equivalent.
TE Tannin equivalent.
“Walues are mean+SD (n=3).

9 feans with different superscripts within a column indicate significant difference
(p<0.05).

Z E2tEo|=
Ao e ofZYole] F Zefi o= e
?ﬂ%%éﬂé 3.10 g QE/100 g > GFA % 2.13 g QE/100
> WEHZ 1.85 g QE/100 g > A7} 0.69 g QE/100 g
gi UERGTHTable 3). & ZelH o= dhake Axvt
Hel we} zko] & e °iJ4 A% Aol AZET) oF
341 E2 e Fiste Ao JEhyTh
AzxZP4L Z }_01 s3HE Eallddl d3e T
52

2ol net gepA e, 24

H
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9)e BAHAZ 2 70T QEAZ ol2Uo}e] F ZejH
ol= S 7H7} 9.01 /100 g, 6.20 g/100 g, Hwang 5(34)
& olzZyo}e] F Zalr ol 3ol 0.53 g/100 gO &
Hyste] B A doldt 295 eI =T, o=
ofzYole] FF, FAY], MR, Hx2xH, T80
S el 7 88l ofgt VIRlstE AR Azter.

£ ed g

AzHpgel W ofzuolel % v ke 2135A

142 g TE/100 g, A2} 068 g TE/100 g 202 =A Yehsitt
(Table 3). AT FANZE T2 AZWHd B8] 2 vd
s Fretar dslew, Aaket vlwstl s wl o 4uf

E2 FEFE UEhhdoh

Kim¥} Kim(35)& A2yl W Ay F559] gd
g 53 A7, LEAx 9 BRARE FAAZ vE)
2o 2kS Jehiitia Hadte] B ARA3) ke AgS
YeERAQITE o] 1L A% A ghd A R0 Wi o3t
Aztz AzbEd vb, WEARE 3z v W
2ol AZEHYAE, el A7tz Qs Bhd AJEd

Z tEAOIH

Azxgol] e ofzYole] F tEAopd g 24
A 7= Table 40 YR T FZA127] 743.09 mg
C3G/100 go. & 7H¢ =& & Uehila, A= 16352
mg C3G/100 g9 #= YUeEliglch g3z d3dxe
7}7} 101.10 mg C3G/100 g, 50.15 mg C3G/100 g© 2 A 2}HH.
o w2 e UEiglet, ole StEAloRd e doll tf

Table 4. Total anthocyanin and proanthocyanidin content of
Aronia melanocarpa depending on drying methods

Total anthocyanin
Sample content content

Total proanthocyanidin

(mg C3G'/100 g (g CE’/100 9
Fresh 163.52+3.18" 0.7120.24¢
Vacuum fresh drying 743.09:24.19° 6.21:0.48"
Hot-air drying 101.10+2.10° 3.18+0.35"
Cold air drying 50.15+2.35° 2.6040.12"

’C3G, Cyanidin-3-glucoside.

ACE, Catechin equivalent.

Walues are mean+SD (n=3).

9Nfeans with different superscripts within a column indicate significant difference
(p<0.05).

@ el @ Aoz Y7H

Hwang 5362 A74-£%0] olzi]ole] A4 P9
B7ke A3k, WEAAE 4G/ 743 A ohzLje} 4
7 vlmA SR SEAE, WA E 4717 kel np
2} ofzuo} Aav) Zadhe 4% UeiRid Basl
St} Horszwald (17 A% W] weh ofzi]o} 5%
Bo) GEACI FFE 24T A, ARLET} £S5
% QHEAloRd §go] s 202 et 257k olE
Alopd gael] Gk ML ow naddd & 4g
o AFFAARE GEAEY YFAR WA RE L%

e A I T
, EAZE 2wl o JPo Axs: B AL

EE 2RdA #2 AR Fet Axshe Ao

& S et

ZZotE Aot Bt

Z2RFEAJOR YL ot 21 olo] 3HrH 3= 3ot
FA R0, 234 Thd o2 B-type ZESHEA o 3}
monomer?] F2 MBER{FY O 2 (-)-epicatechinS $H-3} 1L
AowH(6), 7HEIZle FH FEe 1.5% F=2 T
ATH3B).

Az wg ol 2y o] ZRIEAoY ke
Table 4] YERIATE 2 F5A7137} 6.21 g CE/100 g2
2 7P w2 e UEhil A, €% % 3.18 g CE/ 100
g a3 260 g CE/100 g, A7} 0.71 g CE/ 100 g =2
Uetstth 352z AR of ol w2 TS
st e Ao YETh

Osxmianski 2} Wojdylo(6)= ©tZUole] #l&= 33taS
A% A7, ZREAoldo] ¢k 66%E T/d5taL Lo
o, ZH=ofA AujE ofZole] ZRIEAoPd ke
5.18 g/100 go|2tal X3t th Wu 5(39) v|=4k o=
Yole] Z2EAJoP 3FEFE 0.66 g/100 g0 2 K 31313
o} ofRYole] FF 4 A4Sl W& ZEIEA|opd
ko] JEFS nXE Fo g9low deld JEet@),
Wangensteen 5(31)-> of=U o}o] F3H ZETEA ol
9 ek 22143} Moskva 2.46 g/100 g, Hugin 2.82 g/100
g, Nero 3.74 g/100 g, A prunifolia 4.79 g/100 ¢S 2 H 113}
, T whet kel zbol7t e Sttt B
Holl AH8E ofZYok(Nero)o} Hlwatd & o, oF 54)
= AR Yeht ofzyole] ZRtEAJopd

2 FTUAYE A mE Afolrt & FoR
Z4EH, o] 71A] 873 QIAbEe] B R ofro}
TR S nAE Zew YAdEn

0 o> o O w2

S
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Chlorogenic acid &zt

Chlorogenic acid(CGA)< caffeic acid®} (-)-quinic acid®]
ester= A gpgtEolm, AP A 2ZA Fag A9
= 3t of2Yolo] FARC R U Arhe6,40). A
WellM = #itsl A1 de] A A&, Zul2EHE A
3 AA & F kst 2Hgo] loj@l) AsHEAIA R 2
g2 o, ek AAL & Hol ) ¥re] WS g
A st 9&E k).

Azl w2 o214 ole] chlorogenic acid -2 31
& 4712 180.08 mg/100 g, E-F713 112.28 mg/100 g,
WEAZ 7076 mg/100 g, A7 60.71 mg/100 g =22 e}
WYTHTable 5). A5 2AZE Aatol| vla] o 3u), dFA
2= 9 2v) =2 s JERdTh

Table 5. Chlorogenic acid and neochlorogenic acid content of
Aronia melanocarpa depending on drying methods

Chlorogenic acid content Neochlorogenic acid content

Sample (mg/100 ) (mg100 ¢)

Fresh 60.71+5.24"7 45.24+324°
Vacuum fresh drying 180.08+10.48" 125.09+9.54'
Hot-air drying 112.28+7.35" 88.24+8.42"
Cold air drying 70.76:6.12° 65.32+5.5%°

"Values are mean+SD (n=3).
24\ feans with different superscripts within a column indicate significant difference
(p<0.05).

Osxmianski 2} Wojdylo(6)< oFZ2UYo}e] H= 315&E &
A A3}, CGA7} 301.85 mg/100 g DWL. 2 ¢F 38%2 2]
Sl 2l o2 H3l9lt). Slimestad 5(43)S CGAZ} flavonol
Ho} o] @ol gy o] 9lon, ofZuole] CGA T
61 mg/100 g FWS.2 Hydte], B 2ale] Abe} v 2t
2 UYERHITE Rop (@442 o2 ote] #5E CGA
Shake 113.12~196.10 mg/100 g, Nero #E< 193.15
mg/100 golgtn E 13}3th Ochmian 5(45)< 5
CGA 3gH&Fo] 72.0~96.6 mg/100 g°]™, Nero &< 75.2
mg/100 gO = Husle], B AFae Folgt A7E e
Atk ofZYole] CGA e 22 FTYATE & Ao
£ Uehyol, Eel T2 Aol ohle), S84, 412
2] & Thekg 734 8Qld| PiFe whe o= Az,

- 1
o

o I

Neochlorogenic acid &zt
Neochlorognenic acide ¢ Zgus IFE=2
chlorogenic acid®] ©]’d @ Ao1™, 1z} Tkt A
oA ztol&E 4= ¢lt}. Neochlorogenic acid= S o 4] o]
SFEEAC 7S 7R I o @d6), Ssta o] #
oat= ez deA Uthd).
ZHol upE of21Yo}e] neochlorogenic acid -2
FAZZE 12509 mg/100 g, &-F71= 88.24 mg/100 g,

L
ofd Y

WE1x 65.32 mg/100 g, A7} 4524 mg/100 ¢ TO2 LE}
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