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ABSTRACT

In this study, for the purpose of using Cornus kousa fruit as a material for health
functional foods, the total sugar and reducing sugar content, total phenol and
flavonoid content, total anthocyanin content and individual component analysis of
polyphenol compounds were performed by extracts of ethanol concentration (distilled
water, 20, 40, 60, 80, 100%). Antioxidant activity was also measured by measuring
DPPH radical scavenging ability, trolox equivalent antioxidant capacity (TEAC), ferric
reducing antioxidant power (FRAP), oxygen radical absorbance capacity (ORAC),
HepG2 cytoprotective effect and ROS production inhibitory activity.

Total sugar content of extracts was 834.89 mg glucose/g in 100% ethanol extract
and 559.49 and 561.44 mg glucose/g in 80% ethanol extract and 100% ethanol
extract, respectively. The contents of total phenol, flavonoid and anthocyanin were
20.08 mg GAE/g, 0.86 mg QE/g and 23.37 mg C3GE/100 g, respectively, in the
60% ethanol extract.

Catechin was identified as a major polyphenol compound of the C. kousa fruit.
The protocatechuic acid, syringic acid, gallic acid and chlorogenic acid were detected.
The total content of polyphenol compounds detected was also the highest at 358.47
ug/g in 60% ethanol extract.

The results of analysis of DPPH radical scavenging ability, TEAC, FRAP and
ORAC of extracts showed that 60% ethanol extract had the highest antioxidant
activity. In addition, the protective effect of extracts for HepG2 cells induced
oxidative stress by TBHP showed a concentration-dependent protection effect at 5~20
ug/mL, and was best in 60% ethanol extract. The intracellular ROS production
inhibitory activity of the extracts increased in a concentration dependent manner at
5~20 pg/mL and showed the highest activity in 60% ethanol extract. Therefore, in
this study, it was confirmed that the 60% ethanol extract of C. kousa fruit had the

highest total phenol and flavonoid content, antioxidant activity, protective effect of



HepG2 cells induced by oxidative stress and inhibition of intracellular ROS

production, and suggested that it could be used as a health functional food material.
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A SV AR IEekAA AdE Fd9 AT tiAF HH S
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LTS AT WoAAAd s a4 FAFSHAl superoxide dismutase

(SOD), catalase (CAT), glutathione peroxide (GPx), glutathione reductase (GR),
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Fig. 1. Fruit of Cornus kousa.
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2 So] B 5 rthRyu and Yook, 1971). Kim et al. (2008) Abgi}pito] 7}
k7t 80% olete® SFd7 FEote] T dE 9 E9Ek
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59 A4S Hd vk Uk Kim et al. (2010)2 GC/MSE ARg-3ho] Abdhi
, Gl EFFEEC dist AssFgESs AFRAssint. 1 49 =

J- O %2 quercetin, chlorogenic acid, caffeic acid, gallic acid, syringic acid,

Oft

-coumaric acid, catechin, protocatechuic acid’} A=Y QO™ 1 F quercetin®] AF
p p q
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L210 3 HL60° Agste] WAz 5= AW 23, Ax 3 AdY dos
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<, A2l Fol UThKo et al., 2010).

AR FREE HAESE A (hydrogen  peroxide), T SAFO| = Eho)Zt
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oxygen), & &dA A (triplet oxygen) w©°] Slom EQHYS FFx= st HE-gA

o Z7] Wil AAAEA WSS FHol oY TR JHE FLAIRTh
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3. gA3lA

b

°|i= SOD, CAT, GPx, GR, GST w°| Ut} SOD+= ZIAkstol 2= HAtss
AE Wgsto] Ao yehue SAe S3AATFE B4R, 1 Fel

© ANEZS CuwZns 7HA+ SOD, vEZE=gol 4 Mng 7FA& SOD G°]
EASTE CATE= SODell & ¥ FAkshrd o]gen EfsE Al
peroxisome®] @ 4>, xanthine oxidase$} P]EZTglol HAXPAL A A YA

slrAas FA4o] gl B AAR REsle] FAAZHE MEE HISE

i,
~|
S~

fr
1

o

18-S FTHChoe et al., 2003; Boo et al, 2011). GPx:= oj2] %7 o &A)a}
v, GA4Fe AdgS ot Y3 glutathione (GSH)E A8} glutathione
(GSSG)&, Hitstr4s 22 a7l Sdds v GRS Ef/sE =4
el EAstE flavoprotein .2 A|EFo] $1X|3tal, NADPH EAsle]| GSSGE
GSHE SHdA#A 7rdAo s AEIE wn3dozn A FX o 7)o 3tHKim
and Han, 2018). GST+ UW]-2]#14 © 2 electrophilic compounds®] &f =0l o] sk,
GPxol|l 93] ZeElgttiZs AAFOEZN ASGAEHYAZRE HEHES S
phase I & 4~°]THKim et al., 2017).

HaaA FatstAels 9 FAksHA gL A FAksHAZE ok §4d SAEsHA
= oA, AuoltA|, HEA ToE TREM 1 5 dsA A FAtsA

BHA, BHT, tert-buthylhydroquinone (TBHQ) 5©| 2% AtHolA vy o= A&
Hojgth HA FAs A= AEZ25EH FHl¥ =292 glutathione, thioredoxin,
carotenoid?} TFFSE WaFE 3}3HE, vitamin A, B, C, E 5°| Slth(Lee and Lee,
2016).

T A A AsHAlol Blste] kst o] skl H]go] A HE
ol oy dol st HFAHA Al BAEAS D AT Wolr ¢f

el
=
H] £33k WS f-3ske 7F v, 7 5 microsomal enzyme activity®] 57} & F



Zgo] Q= Aoz dHA UtkPark et al, 1991; Choi et al., 1992; Jeong et al.,

Pytochemical& A E A9 AFgAolA Aae BAw Fas B4 s
AP B 75E5e AT o] AF Al Azte] AREA Aoprhed Rge A

SSCHLim et al, 2004). 1 % &A1 A3} A

A Nes
5 ASS JAS: U ZIPAIY 7]5S 7 tHPark et al, 2011). FH Lol
FArsh, & % I T A Ves VAL e JoR Bude] o5
g Aok 9 A7 S A Al B AT o] Foj Ao St

FevEe B4 sl 27 ol Sol=m I§E AL YIS 3

o=
2, dad g 9 g2 wEp EgReolERe HEg R o|ERE FEE
O ZEtReolERe 15719 'Aa I4S V8 CR AY, BY, CIl A9 ®#a

Aol AgEe] Qi @eHlolthFig 2). CH ol A AbHlel wet Fig 33} ol
flavonol, flavone, isoflavone, anthocyanidin, flavanone, flavanol® <+ %™ BH|Z2tH

O] =+ phenolic acid, stilbene, lignan 5 ° % ¥ tH(Del Rio et al.,, 2013).



Fig. 2. Basic structure of flavonoid.

Polyphenols
Flavonoids | Phenolic acids | Stilbenes Lignans
Hydroxy- Hydroxy-  Resvertrol - Pinoresinol
benzoic aicds cinnamic acids
- Gallic aied - Caffeic acid
- Syringic acid - p-Coumaric aicd
- Vanillic aied » Ferulic aied
Flavonols Flavones Isoflavones Flavanones Anthocyanidins Flavanols
- Quercetin - Luteolin - Genistein - Naringenin - Cyanidin
. . C Amigeni  aidrei X g . - Catechins
Kaempfrol Apigenin Daidzein Hesperetin - Delphinidin . .
- Myricetin - Chrysin - Glycitein - Eriodictyol - Malvidin - Gallocetechin

Fig. 3. Classification of polyphenols.




EriFES AedA Ve 2ds FEdhe WY T SR, AsAlel AF
skl o8 A=A =4
of EZHOoRA FEEdo] HAEHL FMHA o™ =HASTHA THEEAIA A
S FelA v o R gitE e e olgdke FEWHOIthKim and Hong,
2012).
& AEY Ve Aue FES AW A FE e AREEsle
U Ax 5 528 S 9 5
ot A7 AT SUE L v FEEMe FEe At s =de 2 &
stal &0l #% FWME AHEshe Zlo] dwbAolm FFell ARSEH= /718
o= ethanol, methanol, hexane, isopropyl alcohol, ethyl acetate, acetone S ATt
Lapornik et al. (2005)<> 2l =A9] FEA|opA E8dsS §ujo] wep =
gafo]l ZEbAY 70% cEEs &R ste FEE
Hz3p FEAlobd ko] 2u) o] ¥ ¥/ SAHJAGAL Bash vp Qlvp B
Kim et al. (2006) =7°] =2 F7|&molA =2 dits &/do] yepdra
Bagk v gl

|

F718vl FE O3 ARES $xo B F2F 5 e FHo] A

S AAZE 7] wEel EREE

A 95 9 7IEarA el #we qiA, 2018). I GAZE FEo| skl AR

of = wAIZE A wEt AV sAE Ve EREAME Ve
i 7]EH s AR F Sle = dEEs &

AT ol A AR Al FEEE S AgsA,



m o+ 5 3

Aoz FEER A gel et AR AB5F0] Fobda ¢sto]
ggromd Setehs @ AN 28 AEE el fEel 44 wE
2o} Holh e AREe) Agwel A ATHOE WaF] wet Yy

2% AW 59 BAZE BAsn 9on olF IR AYW 4L Lobtuz

H

oAiletal A7& FXs] fste] AMRES A7 dA
TH(Suh, 2006). 71 & 13752 ES vl FEs] S7ket
ol FFUITol F auAbFold Ao HlE HITols AX wfFelA

(self-medication) ENE7} Aty WA g2 Adls =3 B2 &HE sta gl

web] A747)% AF e BAow she A7t ool ksl 5
M3 glov 1 F AR JsAel dE el wobd HE aAERE f

al., 2015).
A TR E AEUY dujeli ojg] /)54 2o FaHel gov §
3 ANBAL HEE Zow BIEIT A% =3

1 =
W FArs 2SS A & 5 e FERd B Bae Al Ao
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2) F A% L Eepuiwols FF B4

T e &% 42 Ko et al (2017)94 WS ALgste] B s 74 &

= 20 pLell 75 700 pLE =33 ¢ Folin-Ciocalteu A]©F 100

£ ,
2
olo
12
flo
>

grato] 2A12F HEEAIZTE o] % 20% Na,COsE 100 pL¥ 7183l
7t A8kl microplate reader (i-Mark 168-1135, Bio-Rad, USA)E A}-8-3le] 750

T EotE ol TS Ko et al (2017)2] WS ARESte] 24T 24 5
100 pLoll &g 300 pL, 10% aluminum nitrate 20 pL, 1 M CH;COOK 20
=dstom ol TN FHT 560 uLE 7heko] 1AIRF WA R

o] % microplate readers AFE3lo] 415 nmol|lA FFEE SASGT T SR -

e
G

=
—
il

ol

o= SIaES querceting EFEARE AREEFe] ZA HEA o7 FAbsdt)
) HPLCE o] 83 %229 Ealsis 4% ¥4

7zt FE=E0 EYdHE 3= high-performance  liquid  chromatography
ARgste] EASIGITHTable 1). 2 AT-ellA] AHE-S
ZYyve gEe RdFELS v #THTable 2). Column YMC-Triart C18

5
=
o
:
72}
E.
:
g
g
&)
m[m
OFO

column (250x4.6 mm, YMC, Korea)E AF&3}3 S ™ column®] &%+ 40C=E A4
ko] A5t ol EA > A: 0.1% trifluoroacetic acid’} 3% S, B: 0.1%
trifluoroacetic acid’} 3HH-¥H O EYEZHS AREEG O™ o]FAY /52 1

mL/min, 73348 245, 260, 320 nm =71 stol] A4S S35k}
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Table 1. Analysis conditions of polyphenol compounds using HPLC.

Content Condition

Column YMC-Triart C18 (250%4.6 mm, YMC, Korea)
Column temperature 40C

Wavelength 245, 260, 320 nm

A: 0.1% trifluoroacetic acid in water
Mobile phase
B: 0.1% trifluoroacetic acid in acetonitrile

Flow late 1 mL/min
Time (min) A (%) B (%)
0.01 90 10
5.00 80 20
20.00 80 20
25.00 80 20
. .. 35.00 75 25
Gradient conditions 50.00 75 25
55.00 40 60
57.00 20 80
62.00 20 80
65.00 90 10
70.00 90 10
Injection volume 20 pL

Table 2. Retention time of polyphenol compound standards.

Label Standard Retention time (min) Wavelength (nm)
a Gallic acid 5.033 245
b Catechin 10.144 320
c Chlorogenic acid 10.456 260
d Caffeic acid 11.866 260
e Syringic acid 12.438 320
f p-Coumaric acid 16.115 260
g Protocatechuic acid 26.019 320
h Myricetin 30.962 260
i Quercetin 47.477 260
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4 F FEAR FF B

T QFEAobd eF #2412 Li and Jeong (2015)°] WH-E WP sl +A8k%
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[o]
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EN
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krtl
o
oQ
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o
~
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=8
ok
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s
s
1o
B
(e}
(e}

=t
mM CH;COONa buffer (pH 4.5)5 717} £33t o] AR st A5 qS 4
2 o] &3} 2™ UV-spectrometers AFE3F0] 520 nm%} 700 nmeol|A] ZHZ}e]

=29 T AEA ] AMATFE cyanidin 3-O-glucoside

Total anthocyanin content (mg/L) = (A x MW x 1000 x DF) / ¢ x L

A (absorbance) = (Asio - Az0) pHio - (Asio - Az0) pHss , MW = Molecular
weight of cyanidin 3-O-glucoside (449.2 g/mol), DF = Dilution factor, ¢ = Molar
absorbance of cyanidin 3-O-glucoside (26,900 M'cm™), L = Cell pathlength (1 cm)

a
e
it
10,
ofk
£
o
et
o
e
o

180 uLE 7Fsto] &3tstk 5 bAdof 307 FA5HSltE. ©] % microplate readers

flo

ARE3Eo] 490 nmell M FFE=E SJSH3ITh DPPH radical 2715 vt &

AAE2 S AFE3F 9™ DPPH radicals 50% AASt=dHl Q-5+ A5 &

o

RCs, 0. & X 7|8t}

DPPH radical scavenging rate (%)= [l - (absorbance of sample - absorbance of

sample blank) / absorbance of control] x 100
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2) Trolox equivalent antioxidant capacity (TEAC)
TEACE Zulueta et al. (2009)°] WS Wg3te] F743F3Uth ABTS radicals A
AA17171 918l 7 mM ABTS, 2.45 mM potassium persulfates $FAoll 2447+ HEX|
AlF o Ao AFREL7] A e ABTS radical 895 734 nm 3-go A 3%
#hel 0.700] HEF STHTE AT o]F 7} FFE 50 pLell ABTS radical
LN 1 mLE =38t 357 WA § UV-spectrometers AFE-3ll 734 nmol| A &
Aotk ZFEALE toloxE ARSIl on AAdd HEEHdo=w A
)

S (mM TE/g)Z YeER| AT

3) Ferric reducing antioxidant power (FRAP)
FRAPZ Guo et al. (2003)9] "H-ES ®wigsto] F43F3ATE FRAP Aok 300
mM sodium acetate buffer (pH 3.6)2} 10 mM 2.4,6-tripyridyl-s-triazine, 20 mM
FeCLE 10:1:19] H| &2 Egalo] A8kt 2t FF& 50 pLol 37Tl 30+
7t HEEA1Z1 FRAP Al9FS 150 pL 7Fsto] 37TColA] 1583 RESAI AT o] %
microplate readers AFE3to] 595 nmellA] SHEE SASISY. iEEdEE
FeSO 5 AEslgion Ay Koz 7AZ A8 1 g FeSO, 3H4EmM

FE/g) o= e 2Tt

4) Oxygen radical absorbance capacity (ORAC)

ORAC 42 Cao et al. (1993)2] WWS WEsto] =
78 nM fluorescein 150 pLE st 37CelA 1023F WAsHSlh o] % 221
mM  2,2’-azobis(2-amidinopropane)  dihydrochloride (AAPH)E 7}ttt JH T+
microplate readers ©]-8-3}9] excitation 485 nm, emission 535 nmolA 603t 1+
Ao R SA3AH Troloxs EFAIFO R ARESE AFHde® Ax AR 1 g

3 trolox &% (mM TE/g)= YER ST
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4. HepG2 N|¥ RdoX FE2E9 A3 &4

A
o

1) HepG2 A|3Eul <k

2 Ao ARE-¥E MAEFT human hepatoma=H-E] -2 ¥ HepG2 A= HjA|
= 5% FBS$} penicillin 100 unit/mL, streptomycin 50 pg/mL7} ¥f-%¥ DMEMS
AFEsEE o 5% CO,7F 33 %= incubator (HERAcell 150i, Thermo Scientific,
USA)OIA 37CE A A TAR flaskoll A vl Fetaint. =8 B A A
H AXE= oF 80% confluent ¥ S w] A3} T}

2) AlE AES 4D AFJAEYAZRE AE RS 53

HepG2 Al ¥+ 24-well plateo] 5x10% cells/well®] TEZ 7 wello] 53}t
24A|17F F-of] 7]EE] wiAE A AL FBSE H7beA| @& wiAE wEeiglon
Ay Al ollghs s FEES 5, 10, 20 ugml FEE 72 A2
oF 12A]7F & ARSI AEYAE [FE5H7] #18ke] 100 pM  fert-butyl hydroperoxide
(TBHP)E A3kl 12A13F &b wjeFetsith. o5 7} wellell 1| mgmL 559
MTT AleFS Yol 2A1F ®RESAIZ]aL A|AS S DMSOE “©] formazan
=7 skaith
B AT

crystale 521 ¥ microplate readers AF-23F0] 540 nmolA %

AE BT g3 v 22 Arkd e AFgske] AE AEaR

ﬂllﬂl

<

32

Cell viability (%)= [(absorbance of sample - absorbance of blank) / (absorbance
of control - absorbance of blank)] x 100

3) Az ul FAAARFTROS) AE IAE

ROS AN AAls2 w9 WHe AREetel SAsHt HepG2 Al
96-well plate®ll 1x10° cells/well®] FE=2 7 wello] 3} Th 24A13F o] % 7]&
o] WAl E AASIA FBSE H7bshAl ok wiAZ wEsielow Abguby Anj
et FEW FEES 5 10, 20 pgml FEE 22 A sk 1247 3 50

rh
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7Fske] 90F 7+ HESA|FH O v A E DCFO &3 EE excitation 485nm, emission
530 nm®| 4] microplate readerg AF-&3Fo] 5433t ROS A5 control®] &
FE S 7S % ko] ROS A% control kel Hl= YERU ST

5. BAEA

v AT A3 ddes d@e + 2FEAE vEhddeh 4 AP SPSs
(Statistical Package for the Social Sciences, ver 18.0)5 A}-&3}°] Duncan®] Ttz 9
7 7J (Duncan Multiple Range Test, DMRT)& AA|& o 2H FASTHO=E H
A5 THp < 0.05). =3 7 AH] AAAGS FRISHaLAF Pearson's correlation
analysis ©]-&3to] AAAAE Ao 2 A AdEHe Fo82

NS (Not significant), ‘(p < 0.05), "(p < 0.01), ""(p < 0.001)Z FE7]3}t}.
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FEEY FETEL 3570~41.90% HYUE EFSTHTable 3).

= 40% AEE FEE FES 41.90%% 7P =how 80% vk

ZE9 FELS 3570%% 7P @Egdth ok Gl g FEEY &S E F
9 = ot

ZEoA 3890%= 100% etE FFE9 37.63% XU =T8S B
X

rl

e
i
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o
o
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>
o
il
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i,
)

Table 3. Extraction yield of the Cornus kousa fruit extracted in different ethanol

concentrations.
Extracts Extraction yield (%)
Distilled water 38.90 = 0.62 bc
20% EtOH 38.23 £ 0.58 cd
40% EtOH 41.90 £ 0.70 a
60% EtOH 39.30 £ 0.17 b
80% EtOH 3570 £ 0.20 e
100% EtOH 37.63 £ 021 d

Means with varying letters (a—e) in the same column are significantly different by Duncan multiple

range test (p < 0.05).
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Table 4. Total sugar and reducing sugar content of the Conrus kousa fruit extracted

in different ethanol concentrations.

Total sugar Reducing sugar
Extracts
(mg glucose/g)" (mg glucose/g)
Distilled water 684.25 + 8.17 e 483.47 + 1243 ¢
20% EtOH 757.40 + 3.12 d 483.42 + 16.78 ¢
40% EtOH 786.92 + 3.79 ¢ 51297 + 2185 b
60% EtOH 783.39 + 4.09 ¢ 524.60 + 11.67 b
80% EtOH 823.29 + 9.60 b 55949 + 21.01 a
100% EtOH 834.89 + 2.71 a 561.44 + 21.85 a

Means with varying letters (a—e) in the same column are significantly different by Duncan multiple
range test (p < 0.05).

Ymg glucose/g: mg glucose equivalent per sample 1 g.
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2) T dE 4 EStE o= o

ZdlEe AE o RHe A=A 23 dAEEE 2 FAEe
< 7FA ™ phenolic acid, flavonoid, stilbene, lignan® % *F¥ T} ZEtR 0| =+
Ce-C3-Cs® ®A=7AS 7FA™  flavonol, flavone, isoflavone, anthocyanidin,
flavanone, flavanol® w=F¥TF SR wo]=9 3}5t&Eol= quercetin, luteolin,
myricetin 5 °] Yo FxF 5O Q] & FAssS 7= E-olt
(Del Rio et al.,, 2013). APEUY A FE259] F dles 9 Z9R o= &k

Table 59} Attt FEE9 F d+= W Zgtp o= ek 77} 11.93~20.08 mg
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Table 5. Total phenol and flavonoid content of the Cornus kousa fruit extracted in

different ethanol concentrations.

o (ing GAE/g)" (ing QF/g)”
Distilled water 11.93 £ 0.13 f 0.09 £ 0.01 f
20% EtOH 1580 = 0.18 d 0.50 = 0.01 ¢
40% EtOH 19.22 £ 0.07 b 0.72 £ 0.02 b
60% EtOH 20.08 + 0.20 a 0.86 + 0.02 a
80% EtOH 16.08 + 0.20 ¢ 0.44 £ 0.02 d
100% EtOH 1249 £ 0.12 ¢ 0.40 + 0.01 e

Means with varying letters (a-f) in the same column are significantly different by Duncan multiple
range test (p < 0.05).
Ymg GAE/g: mg gallic acid equivalent per sample 1 g.

Ymg QE/g: mg quercetin equivalent per sample 1 g
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2} 2k B ¥ Kim et al. (2010)9] AGA¥E FHudte] F 9F9 ZldE

T=dE2 AAsglon 4 Ayt 5Fo] #1EAtk(Table 6; Fig.

acid, protocatechuic acid’} low Th39] SIAE=L 2> PAsteS 7HAe =
A2 d#x SQlth(Papadopoulos and Boskou, 1991; Kono et al., 1997; Yilmaz and
Toled, 2004). &9 3= 5 BT FE=°lA gallic acid9l catechin, syringic
acid7} 35402 AZ5 A S chlorogenic acidi= 100% ol¥H& FZ= A peak
7F YERA] 9o ™ protocatechuic acide S F T8 100% OEE FEE A
peak7} A E A ¢hokt} TSh catechin®] T2 145.64~287.01 pg/gl] WHE B
= FEENA MY =2 S Ho AtEuy drjje o EYHsE dEd
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Table 6. Polyphenol compounds content of the Conrus kousa fruit extracted in different ethanol concentrations.

Polyphenol Contents of polyphenol compounds (png/g)
compounds Distilled water 20% EtOH 40% EtOH 60% EtOH 80% EtOH 100% EtOH
Gallic acid 12.01 + 6.50 14.65 £ 0.02 10.92 + 0.28 11.20 £ 0.37 12.25 + 0.27 1.08 + 0.09
Catechin 145.64 + 1.52 207.14 + 2.92 242.55 + 3.00 287.01 + 4.39 276.04 + 1.46 181.48 + 0.32
Chlorogenic acid 0.02 + 0.10 1.32 £ 0.08 1.03 + 0.02 4.70 £ 0.01 1.71 £ 0.02 N.D.
Caffeic acid N.D." N.D. N.D. N.D. N.D. N.D.
Syringic acid 10.76 = 0.33 16.37 £ 0.07 16.03 £ 0.24 24.03 + 0.51 17.98 + 0.24 10.07 = 0.24
p-Coumaric acid N.D. N.D. N.D. N.D. N.D. N.D.
Protocatechuic acid N.D. 19.79 £+ 0.12 33.41 + 0.85 31.53 £ 0.16 37.53 £ 4.12 N.D.
Myricetin N.D. N.D. N.D. N.D. N.D. N.D.
Quercetin N.D. N.D. N.D. N.D. N.D. N.D.
Total 168.43 259.27 303.94 358.47 345.51 192.63

Data represent the means (n = 2).

UN.D.: Not detected
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ok B Distilled water 20% EtOH
o]
o]
2
0 a
ST, K <
o]
0 o ) % 0 » B w0 o ) ) 0
mAL
T 30% EtOH 60% E¢OH
o 0 B 0 ) 0 & min 0 0 2 ) )
mAL rrF-J.IF__'__
e (770 30% EiOH T 100% EtOH

a I 0 I ] I I ] I 40 I i) I I a0 I min - 4] 10 I o ' 0 I ' 4
Fig. 4. HPLC Chromatogram of the Cornus kousa fruit extract analyzed at 245 nm.

(a): gallic acid
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_girrr-%rrr {100,

o] Distilled water 20% EtOH
2]
w0
JAP'SMMJML—
o
0 0 2 ENERER ERE ® om0 o ) R i
mal
o] 40% EtOH 60% EtOH

i) i} il n 40 50 i) min i} 1] pri] 3 40 5D
nf’%rrrﬂ'rrr:'.ll}
' 80% EtOH 100% EtOH

N

; 10 0 ] 40 &0 I 80 min ] 10 2 0 40 50
Fig. 5. HPLC Chromatogram of the Cornus kousa fruit extract analyzed at 260 nm.

(c): chlorogenic acid
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Fig. 6. HPLC Chromatogram of the Cornus kousa

(b): catechin, (e): syringic acid, (g): protocatechuic

fruit extract analyzed at 320 nm.

acid
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SLEAlOR Mk A8 23t o] F2 FHE] Yom i oo Fx
A H7

of o& thefst AMS Yehils EEtEeo|=A ZEdE EAE AF] A
210 % cyanidin 3-O-galactoside, cyanidin 3-O-glucoside &
of Zalar itz o] we oz By Hl tHLee et
al., 2009).
T AdEA P ke FEAoldo] pHell of& 7t Al FxA o] Yo
L -9 oxonium HE]7F pH 1.0°14, F21°] hemiketal JE}7} pH 4.591 4] $-A
st A5 7|HEC. % pH differential method®ll et 57 3131 th(Hong et al., 2012). At
- Al FEE0 T dEAd RS Table 73 Aok FEEY F UE
Aobd e 4.15~23.37 mg C3GE/100 g M9 ZE HHEAoH Fujo] oL
FE7F FUHESE dheEe ZoHo] 60% olEe FEEA] 23.37 mg C3GE/100
gl 2 7FY ¥ shapo]l AEHJ o 80, 100% NEHE FEEANMHE 60% e
< FEad vluste] v v @s BT FARSE 9232 Kim et al
(2014) HEAEEE] QEEAlobd HAGA Aol 60~75% s s &

e AREE o M w2 EACH d%e &2 7 itk T3 2(2015)

v
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Table 7. Total anthocyanin content of the Cornus kousa fruit extracted in different

ethanol concentrations.

Aauavw

(mg C3GE/100 g)

Distilled water 415 £ 0.04 f
20% EtOH 14.83 = 0.03 e
40% EtOH 20.41 + 0.03 d
60% EtOH 23.37 £ 0.05 a
80% EtOH 23.01 = 0.07 b
100% EtOH 21.19 £ 0.02 ¢

Means with varying letters (a-f) in the same column are significantly different by Duncan multiple

range test (p < 0.05).

Ymg C3GE/100 g: mg cyanidin 3-O-glucoside equivalent per sample 100 g.
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3. AR G 2229 Fus BY

1) DPPH radical ~7-5
DPPH radical &7 S Axp7p F5sto] Ao ®epAls 7FA] = DPPH7t
ol B T HAAFdToz <l ddxo @5
2 3 A3l A o]th(Kang et al, 2002). AFEUE dn S
=% 2] DPPH radical 2A &4 Table 83 Zt}. oetS &% F=E° DPPH
RCsy at W= 283.64~1190.30 pgmlLE ZF 5 7+ Fo 29l &Ado] vpely:
o 0~60% EE FL MM v5 gEF R FAo] FUIER o o]
AEEoAE vhah &S 60% olfhE FE=< DPPH RCsy @k 283.64
ngmlz 7Y FS AAZEES HAEd ol 60% e FEES E
= Ao® HQl

rlr
o
o
il
~
=
o M

phenolic hydroxyl (OH) groups©] DPPH radical A~ 5ol 9
o}

B AFo|A DPPH radical 2A% S & dx 2 Zgtp-olt dheky) §AFSH
7A&S BT Son and Ryu (2009)°] Aol oJstd F =4 &l 7HE

= Wb AlEeld DPPHE =tz A dAdo] 7B rskion o= ke

AHAAZE Ak Bastgivh webA 60% oleE FEECA TP we dE
gF= H3A7Il DPPH 427150l 7 =4 S48 JAoR2 ARHY 60% ol
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Table 8. DPPH radical scavenging activity of the

different ethanol concentrations.

Cornus kousa fruit extracted in

Extracts

RCs"

Distilled water

20% EtOH

40% EtOH

60% EtOH

80% EtOH

100% EtOH

78322 £ 5.19 f

550.05 £ 6.64 d

410.84 £ 12.26 ¢

283.64 + 25.60 b

596.71 + 10.76 e

1190.30 + 19.27 g

BHT

3881 = 244 a

Means with varying letters (a-g) in the same column are significantly different by Duncan multiple

range test (p < 0.05).

YRCs: Concentration required to reduce 50% of DPPH at 30 minutes once reaction starts (ng/mL)
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2) Trolox equivalent antioxidant capacity (TEAC)

ABTS radical<> potassium persulfate®} ABTS®| 23] A% free radicalZ= %=
s Y, Fabstse 7 Aol 9l A AR ENEHE Ae ol &ste FAt

3} &3 =% Wyolth TEAC oz yehd atgyy duj 2EE9] ABTS

radical A~ %2 Table 99 Zth oehe =¥ FEES TEAC # ®ele
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Table 9. Trolox equivalent antioxidant capacity of the Cornus kousa fruit extracted in

different ethanol concentrations.

Extracts TEAC (mM TE/g)"
Distilled water 6731 £ 135 ¢
20% EtOH 91.93 + 1.67 b
40% EtOH 117.13 + 1.03 a
60% EtOH 119.40 + 0.96 a
80% EtOH 90.88 + 1.50 b
100% EtOH 4220 + 1.06 d

Means with varying letters (a-d) in the same column are significantly different by Duncan multiple
range test (p < 0.05).

YmM TE/g: mM trolox equivalent per sample 1 g.
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3) Ferric reducing antioxidant power (FRAP)

FRAPW - ferric tripyridyltriazine [Fe(II)-TPTZ] &7} w2 pHelA 3H4kst
=4 93| ferrous tripyridyltriazine [Fe(I)-TPTZ]Z == HEl &
of -32-0]

A Z=ZE9°] FRAP S Table 103 7+

=2 2]

7]'X]'15 ==

ofgts = FZEC FRAP 3t W+ 10.98~187.81 mM FE/gO = 0~60% ©I
Be s WA E s EF oz Fdo] FItE] 60% oflehe FEE A
187.81 mM FE/gZ 7}H& %2 FRAP #h& HUTH AT 5% ok F=5
o= TAasteE AEFS YERITE Pulido et al. (2000)2] Ao wEwW 2] & A
A F2E dA=m FFES FAbst @S A FaoR sk Eo] #
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Table 10. Ferric reducing antioxidant power of the Cornus kousa fruit extracted in

different ethanol concentrations.

Extracts FRAP (mM FE/g)"

Distilled water 46.00 = 2.34 ¢

20% EtOH 108.67 £ 1.92 d
40% EtOH 173.79 £ 4.16 b
60% EtOH 187.81 = 4.75 a
80% EtOH 124,78 = 2.48 ¢

100% EtOH

10.98 + 0.86 f

Means with varying letters (a-f) in the same column are significantly different by Duncan multiple

range test (p < 0.05).

YmM FE/g: mM ferrous sulfate equivalent per sample 1 g.
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4) Oxygen radical absorbance capacity (ORAC)

ORACH > W= 7% Fmstdyael o8l aetd 253 559 & 4t
ste] SAMHOR AUddA 4% dles dovle FNRRRE 42 dxd
Algol g3t REseEE BF7FeE o Qlth ORACHS A4S} in viro A3 FolA
QgAY 7HE Aol =vkal HarE v QoW 2.2°-azobis(2-amidinopropane)
dihydrochloride (AAPH)®ll 2]3l] A/ ¥ peroxyl radicale] AtshsS = 2o <
3l aARoEA ZEjgtuze] Al S FFER ST F e AdNen
(Rhim and Choi, 2010). AP HF An] FEE° ORAC k> Table 113 Zt}.
ORAC #2 0~60% olleE &% WM s Aoz Fakst &4o] T7tst
o] 60% oS FEENA 721.55 mM TE/gZ 7F4 ¢33 A4S wich whd
80~100% & ol A= BAo] AaH v

Table 11. Oxygen radical absorbance capacity of the Cornus kousa fruit extracted in

different ethanol concentrations.

Extracts ORAC (mM TE/g)"
Distilled water 169.57 £ 12.18 ¢
20% EtOH 45562 + 1.48 d
40% EtOH 666.90 + 15.63 b
60% EtOH 721.55 + 21.90 a
80% EtOH 52294 + 3.74 ¢
100% EtOH 118.49 + 19.78 f

Means with varying letters (a-f) in the same column are significantly different by Duncan multiple
range test (p < 0.05).

YmM TE/g: mM trolox equivalent per sample 1 g.
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Fig. 7. HepG2 cell viability of the Cornus kousa fruit extracted in different ethanol

concentrations.
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Table 12. Hepatoprotective effect on TBHP-induced cytotoxicity of the Cornus kousa fruit extracted in different ethanol concentrations.

Concentration(pug/mL)
Extracts
Control TBHP 5 10 20
Distilled water 2090 £ 0.70 d 16.96 + 3.34 dC 4441 £ 4.67 cD 59.44 + 2.02 bD
20% EtOH 2090 £ 0.70 d 2497 £ 1.74 dB 5545 + 1.52 ¢BC 78.36 £ 2.78 bB
40% EtOH 20.90 £ 0.70 ¢ 33.00 + 4.88 dA 63.97 + 2.77 cAB 70.07 £ 3.27 bC
100.62 £ 3.65 a
60% EtOH 20.90 £ 0.70 e 31.34 + 3.55 dA 68.20 + 521 cA 84.60 + 3.08 bA
80% EtOH 2090 £ 0.70 d 17.06 + 1.13 dC 41.25 £ 432 ¢D 69.53 £ 1.53 bC
100% EtOH 2090 £ 0.70 d 22.31 £ 1.74 dBC 46.24 £ 9.18 c¢CD 73.98 + 4.28 bBC

Means with varying letters (a-¢) in the same row are significantly different by Duncan multiple range test (p < 0.05).

Means with varying letters (A-D) in the same column are significantly different by Duncan multiple range test (p < 0.05).
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Table 13. Intracellular reactive oxygen species (ROS) scavenging activity of the Cornus kousa fruit extracted in different ethanol

concentrations.
Concentration(pug/mL)
Extracts
Control TBHP 5 10 20
Distilled water 3.79 £ 0.36 dC 344 + 0.16 cE 2.41 0.04 bB
20% EtOH 3.62 + 0.39 dBC 3.08 + 0.03 cD 2.26 £ 0.36 bB
40% EtOH 3.10 £ 0.13 dAB 2.51 + 0.08 cB 1.89 + 0.13 bA
1.00 £ 0.02 a 483 + 0.03 ¢
60% EtOH 296 + 0.18 dA 2.23 +£ 0.04 cA 1.66 = 0.07 bA
80% EtOH 3.54 + 0.17 dBC 248 + 0.01 ¢cB 1.73 + 0.08 bA
100% EtOH 3.53 + 0.38 dBC 291 +£ 0.04 cC 2.52 £ 0.15 bB

Means with varying letters (a-¢) in the same row are significantly different by Duncan multiple range test (p < 0.05).

Means with varying letters (A-E) in the same column are significantly different by Duncan multiple range test (p < 0.05).
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Table 14. Correlation analysis between total phenol and flavonoid and antioxidant activities of the Cornus kousa fruit extracted in

different ethanol concentrations.

TPV TF? DRCs,” TEACY FRAP? ORAC? CPE” ROSY
TP 1 0.935" -0.875"" 0.940"" 0971 0.979™" 0.592" -0.832""
TF 1 -0.678" 0.774" 0.8317" 0.861" 0.756"" -0.857"
DRCs 1 -0.979"" 0.955"" -0.927"" -0.353N8 0.560"
TEAC 1 0.988"" 0.969"" 0.391N% -0.658"
FRAP 1 0.992"" 0.449" -0.756""
ORAC 1 0.512" -0.800""
CPE 1 0.579°
ROS 1

Data represent the means (n = 3). N.S: Not significant. p < 0.05, “p < 0.01, " p < 0.001.

UTP: Total phenol content, »TF: Total flavonoid content, ?DRCsy: Concentration required to reduce 50% of DPPH at 30 minutes once reaction starts (ug/mL),
p

YTEAC: Trolox equivalent antioxidant capacity, FRAP: Ferric reducing antioxidant power, YORAC: Oxygen radical absorbance capacity, ’CPE: Cell protective effect,

®ROS: Reactive oxygen species.
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