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Abstract

This study examined the effects of drying methods of Aronia melanocarpa on contents of total polyphenols and fla-
vonoids, antioxidant activity and anti-inflammatory activity. As a result, freeze-dried aronia extract (FDAE) signifi-
cantly exhibited higher contents of total polyphenols and flavonoids (155.76 mg GAE/g and 105.70 mg QE/g) than
hot-air dried aronia extract (HDAE) (134.93 mg GAE/g and 82.29 mg QE/g). Also, FDAE showed greater antioxidant
activity than HDAE in both DPPH and ABTS. For anti-inflammatory activity, NO production from lipopolysaccharide
activated RAW264.7 cell reduced at a dose-dependent manner in both FDAE and HDAE. However, reduction rate of
NO production is higher in FDAE (62.7%) than in HDAE (33.5%). These results suggest that comparatively, freeze-

drying is a better method for preserving the antioxidant and anti-inflammatory activities and of aronia.
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o] E4E HasA7le ARel o] AR/ Azl &
A o= G A Urh(Ezhilarasi et al., 2013).

2 AT e dFAxe sAURY A WHoE
AzAZ] 5 BEstE o2 olE o] g8t 3itst 75t
I FES S BT EA ot2Yol ThEs fl%H
G A2 E AL, A0 7sAd AR o]
& 7Fs S Eolaat skt

ME %
A=
=k

Aol AL&-3 ol Z Y oK dronia melanocarpa)y= 5
AHS Tl Ete] ARE-3FATE 2,2-diphenyl-1-picryl-hydrazyl
(DPPH), 2,2'-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid
(ABTS), dimethyl sulfoxide (DMSO), L-ascorbic acid, 3-
(4,5-dimethylthiazol-2-yl)-2,5-dimethyl tetrazolium (MTT),
Folin-Ciocalteu's phenol reagent, gallic acid, quercetin,

oN

al

potassium hydroxide, sodium chloride, potassium chloride
+ Sigma Chemical Co. (St. Louis, MO, USA)°IA +¢
Atk A EQ RAW 264.78 A E3-23) (Korea
cell line bank, Seoul, Korea)oll A H9F wro} AL-&3}i T},
M kol A}E-3F fetal bovine serum (FBS), penicillin-
streptomycin  solution, trypsin 0.25% EDTA solution,
roswell park memorial institute medium (RPMI-1640 with
L-glutamine)2 Hyclone Co. (St. Louis, MO, USA)®lA]
T8kt

FES M=

FAAZE -18°CY WEILolA A dEAZ & &
AZAZ71(JF200, Jeonjin E&C, Busan, Korea)E ©]-&3}<]
-55°COll A 48A17F B4 AAEIAT €3 xE E34x
7](CF-21WF, Jeiotech, Daejeon, Korea)E ©]& 3} 50°C
ol A 48x17F F<t AT ofZ2 Yol FEES A
Z 9 dF10x # ol2YolE 2 71(HMF-3450S, Hanil
Inc., Seoul, Korea)= 2|3t &, EUsE oflZrjolo
70% ANEES 108fF2 7hsto] 2412F 5<¢F 70°CE 953
3] FFZ3AT o] F 305 AF2ollA ZA Pz
71 o2, o3 #A|(5 pm paper filter, Hyundai Micro No.
100, Korea)s 53l ot & 7¢f 553 v 9595
7](Deep Freezer, DF 9010, Ilshin Lab Co. Ltd., Yangju,
Korea)& ©]-&3t -80°ColA F4Ws ¢ 5, 47127
(Freeze dryer, FD5508, Ilshin Lab Co. Ltd., Yangju,
Korea)= -45°Col|A] zxslaith. Algo Fighare 471
Z oFZYo} 6.01+0.08%, BF X oF=H o} 54+0.21%%
FAAZES] &F 11% =T

=21

Z 0|z g &5

Z ZY¥ = TF =42 Folin-DenisH S ©] &3ttt
(Folin et al, 1912). 3|4¥ A5 1mLel S/FF SmLE
31t & Folin-Ciocalteu's phenol reagent 0.5 mLE 7}3}

Eotate] A2olA 8EZF WHEAIZTE 2 F 1%
sodium carbonate 10 mLE 7139 th S/TE o83+
HE FIE 25mLE B & A2 A 2417 F
QF WAg thg ¥4 F=71(CM-25000D, Konica Minolta
Holdings Inc., Tokyo, Japan)E ©]-83}¢] 750 nmol|A &%

ot

H
5 4 & A= He gllic acids ZTEZE
o] 23

g3lo] HEIHoRNE FAS FHloH, AT
=]

3 W 299 F FFROE Lrepheh

Z R0l g =Y

= ZgtHol= g Moreno et al. (2000)2] WS
o]g-sto] 33Tt 84E AlE 500 uLoll 10% aluminum
nitrate 1 mLe} 1 M potassium acetate 100 pL, 80% ©f| &2
43 mLE FANE H7KeE & A9 oA 40 53t

73
Atk XFEZZE querceting A3t REIHo=ZR
B S 7o, 33wk 343 & dapes
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DPPH radical 271 &4 X

DPPH radicalell ot &7 &4 Blois (1958)°] #
S o] &3l =3 =, 0.1 M sodium acetate buffer
(pH 5.5)Z o] &3}to] 3|4% A& 1mLol| 7.5x10°M DPPH
|4 2mLE kst &9st § 37°C gAolA 3087+
FeAIZl 3517 nmollA] FRES

)
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ABTS radical 221 &4 &3

ABTS radical 227 42 Re et al. (1999)2] WS
o]-&3lo] =43} Tth. ABTS radical cationS A %3}7] 9
3 7mM ABTS €93} 2.45mM potassium persulfate &
HE 12 TSI 30°C LaellA 12417 WA 54
1 % 5mM potassium phosphate buffer (pH 7.4)Z 3] 4]
ated 413 nmellA FHFE7E 0.70] HER S §48
ABTS £ 4mLe| 0.1 M sodium acetate buffer (pH 5.5)
2 34" AE 40uLE 7hste] 127 vHEAIZD F 413
nmoA B EE S8
M|ZZ= HHQE
HSEA ZHel ©]&3 RAW264.7% RPMI-16400]
A& AFESFA T 10% (w/v) FBSSF 1% (w/v) penicillin
streptomycing H7FeE EJA| & A 5ho] v gl AHE-3)
Rom 37°C, 5% CO, incubatorol| A 4 7HA o2 A
v FatHA] Ao ARE-SEATH

% ]
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MTT assay

RAW 2647 T3t olZyo} F&Eo
Carmichael et al. (1987)¢] WS ©]& 3 MTT assays
B3l SAHHATE vl wgs GAEE 1x10° cells/mLe]
FTEZ 96 well platedll 180 uLA seedingstal 5% CO,
incubatorol| A 37°C, 24X)7F Z A0 & HioFslict. 71 i
A 80 uLS A A ZF wello]l A|EE FEEE 100 ul
A Hrtsle] 919 72 Z7oA 48417 &< wiek &
7} wellell 5 mg/mLe] MTTE92 20 uL¥ 3 7kste] 44]
7k Ft vkt vl A7 & DMSO9} ethanols:
1:1 H&2 £33 95 150 uLd 2+ welloll 3 71sted
3087 50| HFEAIZl F ELISA reader (Versamax,
Molecular Device, Sunnyvale, CA, USA)E ©]-£3} 550

nme X FF =S S5

AL e

Nitric oxide (NO) A4Ad2F =X

ol Yol AAZ ¥ GFAZ FEHE nitric oxide
(NO) AT =L Lee et al. (2012)9] WS o] &3l
th =, A vjFE RAW 264.75 1x10°cells/mLe] F=
8]43k 5 96 well plated] 180 L% #F3lo] 2447 &
b wjFsta, AlEE 20 uL® A gtk o719 1 pug/mL
lipopolysaccharide (LPS)E 20 uL 2] 3}od 24X 7} ul] &Fa}
Aok MAEZ g 100 L2t 5H2] Griess Reagents &
Gate] Ad2ollA 1027+ ¥HgAIZ1 = ELISA readers ©]
&3t 540 nmollX §BE=E S48 sodium nitrite]
AR E o83k mFd o] NOTHS 4H=Esk3ltth

S 5o de AAELS FHAPLETAARE BN
st om, EA 2] SPSS program (ver. 22, IBM Corp.,
Armonk, NY, USA)S ©]&3t] #AHEA(ANOVA) %+
test= HAEHATH ZF AIEE 7He] RO AES AAIEHA
3, A% Duncan's multiple range test (p<0.05)& ©|
&3kt

ERE kS
s ¥ & E2tE 0=
2 AN otZYol sHZ FEE(FDAE)H €%
A% FZE(HDAE)Y ¥ ZddHE
g GAE/g, 13493 mg GAE/gC &, &
ZolE Tl FelH o= E9ith FDAES HDAES]
F ol Tk 747} 105.70 mg QE/g, 82.29 mg

Ot

N
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o] AFAZ FEE FEE V8 F ZgE o=
o] =4 Yelstth(Table 1). oF2Yole] A A4S
St Chung (2014)= =tU4t of2Yole] 70% ol e

Table 1. Contents of total polyphenol and flavonoid of Freeze
Dried Aronia Extract (FDAE) and Hot-air dried Aronia Extract
(HDAE)

Sample" FDAE HDAE
Total polyphenols (mg GAE/g)® 155.76+1.33*Y  134.93+1.44
Total flavonoids (mg QE/g)” 105.70£7.82*%  82.29+2.13

Data represent the mean+SD of three independent experiments.

YFDAE: Freeze Dried Aronia Extract, HDAE: Hot-air dried Aronia
Extract

Ymg of total polyphenol content/g of sample based on garlic acid as
standard.

¥mg of total flavonoid content/g of sample based on quercetin as
standard.

 The marker (*) indicates significant difference between the FDAE and
HDAE by #-test (p<0.05)

59 F ZevE gE & ESPE ol 98 Chung
117.20 mg/g3} 32.50 mg/g 2.2 R 73}$ 3, Hwang et al.
2014y & Zgu=e] FFE 192 mg/ge & Histe] 2
AFAe} FASE 2E B 4 AUtk Kim et al. (2016)
Azgo] W Az T Fdlse] dEFS 4%
AR, dF7AZ, E30XR, F47E T2 o] St
o}l B3 SF A, Yook et al. (2010)2 EL=7EHAE ]
Z ZYvE 2 AEA oM TS B A3, FAAx
ANE7F GTAXAERT H B2 FX & Bty Biys)
Atk Gurr o g J 20X EAYE e A AEHES
gHste] FadEe] FE7F g4A doju A59] HE 3
ZetH o= o] FUbskE AL E HALE A TH(Peleq
et al,, 1991), @FAx Al FAIZF] A E S &
dEeo "srh wAlste] FAAx HE F EEEsd
ZetE o= Fafo] B S E 02 Helt
Shtst 2y

FDAE$} HDAE®] DPPH radical 2753 ABTS radical
2ATE T AE BT TR Sl e folHew
Z7}8t9 2™, FDAEZF HDAE® Hl3] A wxo) A
DPPH ¥ ABTS radical 27%5°] FoFHoz & Ao
e TH(Fig. 1). FDAES] DPPH radical &7 €/3-2 20,
40, 60, 80, 100, 150, 200 ug/mL &= z+z} 13.01,
33.80, 4541, 58.82, 79.86, 85.32, 86.93%= U}E}utr).
HDAE?] DPPH radical £2A84 2 72 T4 10.93,
20.69, 32.46, 48.13, 64.57, 74.45, 80.14%31t}F. ABTS radical
a7 e 7P B2 Fx=<Q 200 pg/mLe] F=NA
FDAEE 90.44%¢] ABTS radical &7 4% Jehid
o, HDAES 87.72%%] &2 &7 45 Yeiddth
W 2] 72 ABTS radical &275S AN Aol olshd
250 pg/mLe] T A ofrtolHlE], M, 2k, ot
7} 56.2, 28.8, 90.5, 40.1%2] ABTS radical 275S X
(Lim et al., 2015), TF2 H|2] 7ol H|8] o= o}e] gAjo]
=5 AL & F ATk Ao OE of2Yol E5F
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Fig. 1. The electron donating ability of Freeze Dried Aronia Extract (FDAE) and Hot-air dried Aronia Extract (HDAE) using the
DPPH assay (A) and the ABTS assay (B). FDAE: Freeze Dried Aronia Extract, HDAE: Hot-air dried Aronia Extract. Data represent the
mean£SD of three independent experiments. The different upper case letters (A-F) and lower case letters (a-c) indicate significant difference
(»<0.05) among the different concentration and sample of each extract by Duncan's multiple range test.

DPPH radical 27 433} ABTS radical &7 &
APeE Aol M E TAAZES olZ Yoty ditstd
2de] 200 ug/mLolX ZHzE 65%S}F 61.7%2] AAEAES

Y AF732(52.0-59.7%, 45.0-52.9%)°
l.:

PE

H]
S A3E B (Hwang et al, 2014), ©]
o} Al 2 E 0] 83 AFA T JA}SH
HFQtH(Kim et al., 2006; Yook et al., 2010).

Azl g Quate] wlo]ARgo|lH &0 F &

J

R
pu

rz H

guE o 2 23l EA4(DPPH 2 ABTS radical 227
e ABAS A3 Park et al. (2013)¢] Aol w=
W 5 Ax uAe F ZYuE g kel S
o = *o*%* S Hth mEbA, 2 *e‘fz.ﬂzjiﬂroﬂAL Az
o] mE F ZeEvled F EEtR o= g WSt
ofs) FitstErgol Al 2ol 7t WA S 7A4 2 AlE .
MNZ MES

olZyol F&E2S 100, 200, 300, 400 ug/mL FEE

[e]

RAW 264.7 cellell A 23g wjeo] AEAEE A4,
FDAES} HDAESIA &5 300ugmLe] FXxolr ztzh
82.6%, 84.3%2] Lge Ho 300 ug/mL7HA 80% o4

o] AE AEE&S YRtk £ A@EAE EQE NO
A QA AEA AFERSY FEE 300 mg/mL ©|5H=
A A THFig. 2). ¥ A= ofRYole} e W H
ofAbslHE] B EFH gl M= S lA 20, 100, 250,
1,000 ug/mL == A2 YS = RAW 264.7 cello] s}
o AEZAo] YehtA e AFAe} FAFSITHChoi
et al., 2015b; Kim et al., 2017).
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Fig. 2. Viability of RAW264.7 cells by treatment of Freeze Dried
Aronia Extract (FDAE) and Hot-air dried Aronia Extract
(HDAE). FDAE: Freeze Dried Aronia Extract, HDAE: Hot-air
dried Aronia Extract. Data represent the meantSD of three
independent experiments. The different upper case letters (A-C) and
lower case letters (a-d) indicate significant difference (p<0.05)
among the different concentration and sample of each extract by
Duncan's multiple range test.

3}, FDAES®} HDAE B5F F%7} Z715d w92 o
2 NO Aol AstE Ao, FDAES] As&o]l d v%
o] 24 HDAE®] Hlsl| fro]& o2 YdrhFig. 3). HDAE
£ 100 ugmL FxolA LPS A2 ¥wdlS uw NO
Argo] Ae 7HAadtA] YA T, FDAEE #2439 AE
BRI, 300 ug/mL F=o1X+= FDAEZ}F LPS X &]of| H]
3l NO 3L 62.7% #2A1Z1 ©l Bls] HDAE= 33.5%
el 23T opAbslHlE, of= Yo}, ERH ], B AY
E 59 HElRY T Ee A AdAFeM =
LPS 1ug/mL H2A] 200 ug/mL

SO Aol A
£ 2742 BYEu(Matchett et al., 2006), ¥ 23z} B
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Fig. 3. Nitric oxide production in LPS-stimulated RAW- 264.7
cells by the treatment of Freeze Dried Aronia Extract (FDAE)
and Hot-air dried Aronia Extract (HDAE). FDAE: Freeze Dried
Aronia Extract, HDAE: Hot-air dried Aronia Extract. Data represent
the meantSD of three independent experiments. The different
upper case letters (A-E) and lower case letters (a-d) indicate
significant difference (p<0.05) among the different concentration
and sample of each extract by Duncan's multiple range test. The
marker (*) indicates significant difference between the FDAE and
HDAE by #-test (p<0.05).
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