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Abstract The aim of this study was to investigate in vitro
antioxidant activities of defatted Camellia japonica L. seeds
(DCIJS). The DCIJS were extracted using ethanol and then
fractionated with butanol (BuOH), ethyl acetate (EtOAc),
chloroform, and hexane. To evaluate antioxidant activity of extract
and fractions from DCJS, we investigated free radical scavenging
activities such as 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-
azino-bis  (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS"),
hydroxyl radical ("OH), and superoxide anion (O,") radicals. The
five extract and fractions of DCJS dose-dependently increased
DPPH, ABTS" and O, radical scavenging activities. The BuOH
fraction of DCJS showed the highest free radical scavenging
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activities among other extract and fractions. The contents of total
polyphenol and flavonoid in BuOH fraction of DCJS were 23.26
mg GAE/g and 32.39 mg QE/g, respectively. The polyphenol and
flavonoids contents of BuOH fraction has highest than other
extract and fractions. In addition, BuOH and EtOAc fraction of
DCIJS contained 102.37 and 165.05 pg/g of camelliaside B,
respectively. Therefore, DCJS has higher antioxidant activity and
may be useful as a natural antioxidant material.
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QA Wl A% hydroxyl radical (‘OH), singlet oxide
(0y) 59 free radical® hydrogen peroxide (H,0,) &< &
Qi ARE FEeh, Frhe SdaTe] A Ak
ZEHAE JOoItH1.2]. A8k 2EdHAE o, B, 288
AAEA S To] S Wy dye #AHEo] e A
o2 By uah, ST A AAIE g FAtsiAlel
e A7F FiLolr] s o] RoX| AL Avh{1,2]. FASIA
= free radicaldl]l 9|gt 4R Al itiF oz
H A4, 99d, DNA 59 A W £A8 He3t34]. 5
3 AAE ¥ 2Alde EHE, EEEXolE T fre
radical 2715 YeRe et A ELS THske A
o2 Higd wef, AAE Fulf 2AE o83 s g%
of &gk A5 S8 o] FoA|AL UTHS,6].
FHNIT(Camellia japonicay= &3 (Theaceae) 5L}
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F-(Camelliae)&oll &3l= , T etz
Aol Exsh= Zog dEA 7] sHT= &, T,
g=ollA] 1, 28 8 9% AE 52 g AF o &
Az olgEojgton, HZole AF % PEE A ToE &
L33 ATH7,8]. SWUF-o= triterpenes, saponins, tannins,
quercetin, kaempferol 59 A =LS el Aoz H
IEFom, ¢k Asl, FEF, 7 Sl g B ARE-
o AHEAEE Yele AR B EJrH8-10]. 53] Y
ede vy g4 7 B 53, d4 Ui B3 5 A
dol Hirxe] thekel AF A AR EEEI AUTH11-
13]. 9 FAE olg3sl] FHUdS Axdhs A A4
= FAHEQl fEboll= glutamic acid, arginine, aspertic acid
s ohi=At Sol i FrEol e Ao® HAETH14]
=3 5 fuF FEZE25E kaempferol oligosaccharide & 2
iR o= AE A|EgAdwe] wEEe 2oRE BT
[19]. o] gJoll=, B9 fuF F&=9] 3t &4 5 Aol
By mEt 59 oS Alxste A Arls FAHE
¢l B fabo] 75 ARG &E ThsAde] s A=
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ol v T fuF FEE 9 2YE] Aol B o

= FEg Aot mebx £ AFelAME T 78 =
9] jn vitro radical 2A% 4L E3)] ks 4L ol
3o, 7t FEE 9 25 FgrEode Egds, SHEe
ole, Fulvbre] X% &S camelliaside B ¥ 45 &
g 59 fute] gakst 754 AAIEA &8 7S ArlE

AE 2 WY

Ak
2,2'-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS),
2-deoxy-D-ribose, hydrogen peroxide solution, 2-thiobarbituric
acid (TBA), phenezine methosulfate (PMS), NADH disodium
salt, and nitrotetrazolium blue chloride (NBT)= Sigma-
Aldrich Chemical Co. (St. Louis, MO, USA)olA ¢35}
AH&-3F T 2,2-Diphenyl-1-picrtlhydrazyl (DPPH)Y= Alfa asear
(Ward Hill, MA, USAANA  FYU3H S, potassium
persulfate ¥ FeSO, 7H,0-EDTAE  Daejung Chemical Co.,
(Shiheung, Korea)ollX] +Y3F3At}. Trichloroacetic acid (TCA),
sodium carbonate, sodium nitrite, aluminium chloride= Samchun
(Seoul, Korea) A}l A4, Follin-Ciocaltue’s regent=Junsei
(Tokyo, Japan)AlellA], gallic acids= Kanto (Tokyo, Japan)A}ell
A Zyzy st Adge] ARS-SETE Sodium hydroxides=
Duksan Co., (Ansan, Korea)ll4l, quercetin dihydrate:= Wako
(Tokyo, Japan)ollX] +)3te] ARE-3}TE Camelliaside B= g+
LA E38}7])EH T4 (Seongnam, Korea)oll Al T3] 29
o ARg-skSATh.

A=
B 4] AHEE B fuhe $55 72 (Tongyoung,
Korealel 4 Aot AHgaisic. 59 fupe] 328 4 23

ZAl= A=A AEFHT|EAT4Ax(Seongnam, Korea)oll 2]F]
RN B AR 100 g SRR W2 ARI7E
A2E o83l AEEFEES AL F
W G} oS FEEo B HElsle] FA4E
2, F22EE, dHoAHOE, Yehe o7
ES AT Y Rt oEe FEE,
, dEoHAEo|E B8, S22y s BIE, 3
ZF 119, 0.29, 3.51, 1.25, 0.38%%] &5 veR
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2,2-Diphenyl-1-picrthydrazyl (DPPH) radical A ¥4
DPPH 2tz &7 #4-& Hatano (1989) 59| WS WS
of 2T 17). & f FEE % BES HF w20t
50, 100, 250, 500 pg/mLe] F%7F Z%=E 50% ethanolol] 3]
A3k H, o]5 96 well plateol] 212t 100 uL? &5t
%, 60 uM DPPH €92 7} well B 100 uL® EF3lo] 308
79 el Aeda Ase] WA gl 2

T X=E o 1= L
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ot
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F =7 (Multiskan skyhigh microplate spectrophotometer, Thermo
Fisher, USA)E ©|&3}4 540nmolY FFEE A3k
DPPH radical 224842 7+ well & 243 $H= 72 o8
Slof Theat ol A
DPPH radical scavenging activity (%)
=100—[(As—Ap)*100/A.]

Ay FEE A
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ABTS" radical 24 84 &34

ABTS" radical 2271 A4S Re 5(1999)2] HPES W sl
AR TH18]. 7.4mMe] ABTS Al2F3} 24mM potassium
persulfate A|2FS &33te] 2447 WE 2SI HESAIA
ABTS" radicalo] AHES FE3ITh o]F 20 uLe] S/
9} 180 uLe ABTS £9< 96 well-plateo|r] E3sle] 1027
U218 7 600 nmollM FEES SIS W 4wkl 1.090
THIIEE ABTS &g F7/FTol 3438l ABTS working
solutiong A|z=3lct s fu F2E ¢ #YES HAFT &
%7} 50, 100, 250, 500 pg/mLe] FL7} HEZ 343 F, o]
£ 7 A]E 20uL$} ABTS working solution 180 uLE 96-
well plated] zFzF Bt AollA 10252t -8 AlFTh o]
F B AE AREsle] 600 nmol ] SRR 3 2HsEIe
™, ABTS" radical 2752 TRt 72o] Alxlslsic),

ABTS" radical scavenging activity (%)
=100—[(A;—Ap)x100/A,]

e

Ay FEE AEE YUK A¥E, Age blankE 7Kg bz
T, A AEE A7 St

Hydroxyl (OH) radical £7 84 33

"OH &7 842 19973 Chung 5ol w2 HyS M3k
ZITH19]. & it FE= 2 2SS st 50,
100, 250, 500 pg/mLe] F=7} =5 PBSe| 3

15mL tubeell Z}ZF 100 pL™ FEF3FATE ©
FeSO4-7TH,O-EDTA, 10 mM 2-deoxyribose, hydrogen peroxide
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A g, 47 E9E 37°C9]
o] 3 28% TCA 1mL, 1% TBA
Sk 7HES T WZAIA 490

7k 200 uLA Hrbste] WS
incubatorol| Al HHS-A]Z T
1 mL solutions 3|43l 208 &
mel|A] 4= E Y3

‘OH radical scavenging activity (%)
=100—[(A,—Ag)x100/A ]

Superoxide (0,) radical &4 &4 -"—"-’ﬂ
0O, radical 22752 19723 Nishikimi &

=9SALTH20, HE 57 50, 100, 250, 500 ug/ mLe] FE
7t HEE Mg s fuF FEE 3 FEE AR 500 ulst
0.1M Tris-HCl (pH 7.4) 100 puL, 0.1mM PMS 200 uL, 0.5
mM NBT 200 uL, 0.5mM NADH 400 pLE 727z} &3t H
Ao 1087 ¥ESAIZL F, 560 nmollA] SEES ST

O, radical scavenging activity (%)
=100—[(As—Ap)*x100/A.]

Ay FEE AEE A7k A¥F, AgE blankS F7ie Oz
=
=
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FolinJJ- Denis (1912)2] WS o
AH21]. SHRT sEHE Mg
EIE AR 50 uLE} 10% Follin-Ciocaltue’s
, 700mM sodium carbonate 350 LS &% 5]
4027+ ‘i% 12& t}. o]F 96 well-platel] 2zt B3 5 600
el T3S A0 HE TS gallic acids ©]8-3)
o ARHE AAds H Bt gallic acid equivalent (GAE)
slaFo 2 JESITh

T
°H1 3
ot

e o
=)

EeRxolE ¥F 33

Zekr wol= TS Moreno 5(2000)2] HHd wl A¥
AYPsiadet22]. SFol sME 79 fF FE2 9 7Y
A& 125uL2} 5% sodium nitrite 75 LS E35te] 627¢
2o|A "HEAIF T ©]F 10% aluminum chloride 150 uLE
7K & 587 WESAIZIL 1N sodium hydroxide 750 uLE
7ksted 1587 ‘ﬂ}% 121 5 96 well-platec]] —‘?——7,‘—?5‘}01] 492
oA FEEE SHEAT. FetR o= FE2 quercetine
o]&3le] AHFMLE FAZ T AHHsto quercetin equivalent
(QE) T AEait).

ruZ e tlo oh ok

High performance liquid chromatography (HPLC) £4&
53 camelliaside B ¥ ¥4

HPLC #42 DGU-20A (Shimadzu, Japan) 71715 A1&-3}
g5t em, B0 AMgE 271 ¢ A7 mE ol &
uje] vlE 5 =4 7L Table 13} 2tk 94 ZEL Cp
column (250x4.6 mm, 5um) ZHS ARSSIGTE ©)E &)
ZE 0.01% formic acid®} acetonitriles AFE3FH o™ 1.2
mL/min2] f402 8v& FY3I3tl Camelliaside B7} peak

Table 1 High-performance liquid chromatography experimental conditions

Parameters Conditions

Sample injection volume 10 pL

Column temperature 35°C

Flow rate 1.2 mL/min

Wavelength 203 nm

Mobile phase condition  Time (min) 0'0;:{3 i(z/ir)mc Acetonitrile (%)
0 100
2 95
10 95 5
20 90 10
30 90 10
40 70 30
60 0 100

_\.,

E Yelll= 203 nmollA peak HAS S48 A4S Sl
camelliaside BE F=H=Z 3|43l 2431900 #HE% peak
o] HHo=Z XFE THE ;d—}ﬂo].oq S8 E7 9] 6]—301'__ Al=3)
ATt

fllo

A 24

RE A¥AdE Ha + BFERn=6)2 YERNSIT. Statistical
Package for the Social Sciences (SPSS program (ver. 20;
IBM Co., Armonk, NY, USA)E ©]&-3}>] one-way analysis
of variance (ANOVA)E 3 & Duncan’s multiple test
(<005 olg3le] 7k 2] Bt 7o) frole AT

A3 2 3F

Fuhre] ol WE 5 FUURe] tgtt RRRRE &
Zrsl @l Bk Ah BAlEa QIvH23-26]. FUUE e
H,0,2 F=9 Al% ~Eg|2o] )3 HCE AlZ 23 a3}
7F AE ALE RIFEJOH, yltra violet (UV)ZE F=d 2k}
2 &4k thek HaCaT ZHEAIE S a3t e 7oz W
SLEATH2324] S X FEEE A 2EfAR
=5 QA9 MEAEANM BT B oA L ks &
e e 14.5].1,].]0}\0111 Y &Aool G =5 mdd)
] malondialdehyde % 7HAE vehHo] 5“}5} Z32 i% iy
¥ BE &3} RuEATH925]. T e F2Eo 3§
k3l 28 7149l nuclear factor erythroid-derived 2-related
factor 2 2% 2HE T3l sl B4l e FoE By
ATH26). 53] ULl o2 F9 F o, ¥ Fol igh
*@} 59 AP d+te s Rud v, 59 fut

o] @A g Aqe FE53 AA ol wjebA —“E:
ﬂ—Loﬂ"iL =9 et —ir%% 2! —5':33%91

_\ni re e oSL‘ L)
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Fig. 1 DPPH radical scavenging activities of ethanol extracts and fractions of defatted from Camellia japonica L. seeds. Values are mean + SD (n =6).
*dDjfferent letters are significantly different (p <0.05) by Duncan’s multiple range test

80

70

60

50

40

30

20

ABTS* radical scavenging activity (%)

d

-

d C

R AN | iR

050 ug/mL m100 pg/mL @250 pg/mL  O500 pg/mL

C

Ethanol Butanol

-10

Ethyl acetate

a
cbﬂ
R N

Chloroform Hexane

Fig. 2 ABTS' radical scavenging activities of ethanol extracts and fractions of defatted from Camellia japonica L. seeds. Values are mean + SD (n =6).
*dDifferent letters are significantly different (p <0.05) by Duncan’s multiple range test

DPPHollA f2d ¢t

[e)

A3l FE)9] free radical> AFskA| 9}
3le] DPPH-HESAEHA Hablox] waiioz o] ¥
veRdel] wal, AAE §8 A9 radical 2A% =X
538 el 24 Hrtel gl AR QITH27). B AT
A F 2 F3E9] 50, 100, 250, 500 ug/mL

== u
&l
m B3
32 2

7

¢
ol

1

=

e

TE=EE X
54 DPPH radical £24% &3 43, 325
E9 %7t S71el Wt DPPH radical &7%5°¢] S718-E
A 5 AATKFig. 1). 53] HEe BEIELS 50, 100, 250,
500 ug/mL ] EEolA ZFzd 2253, 41.58, 74.70, 84.04%°]
FHE YEo], BE F=oA T FEE 4 £3E4 H
3] DPPH radical &7%5°] E=3ith FE-E #3&E o= o

o 2 o

golAElo]E EEEo] 50, 100, 250, 500 pg/mL 2] F5olA]
717} 9.19, 18.46, 36.89, 59.33%2] FXE Uehlo] thgow
=2 DPPH radical 248 eSS & 4 ASdch
ABTS" radical 2% v|wZF <E4st 9] free radical!
ABTS7} @418t =33 Wb Al FA02 Ao] wisty:= e
£ ol g3l Atksl &4 Wi g olfEe W F ey
oltH18]. T ot FEE % EYEY] radical £75S ERl
317 E5 oA ABTS'

=
3l 50, 100, 250, 500 pg/mL<]
radical 2715 34 23, A BYEE AL A F=
2 BIEL pry) Z713) wel ABTS' radical £71%50] %

o
78S & 4 ATHFig 2). 53] FERE E3ES 50, 100,
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Fig. 3 -OH radical scavenging activities of ethanol extracts and fractions of defatted from Camellia japonica L. seeds. Values are mean + SD (n=6). *
dDifferent letters are significantly different (p <0.05) by Duncan’s multiple range test

250, 500 pg/mLe] FEolA ZzE 9.11, 1691, 43.15, 71.81%
o] £ Yehfo], RE FEo4 TE F2E 9 EIE

H|g] ABTS' radical &2A5°] =8t} Hehs 35 o=
dolAElo|E EEEo] 50, 100, 250, 500 pg/mL 2] T
A 7¥z} 338, 6.83, 18.81, 35.45%2] FAE Yehfo] theo
2 =2 ABTS' radical £2AE4E UepdS & 4 Aok
DPPHE free radical 274 %S =A3s WHogE Sole
radicalel]l thek Asl A4S vehlW, ABTS'= cation radical
2ATE A A WHoE POl radicald] st A3
A4S LERITH28,29]. DPPH 2 ABTS' radical &7 24&
F 7143} dkg =7F t}27] wj&o radical &A

SE3te] A% A
ol zol7t Ao, FARE AES vYeRlle sloz HIEH
TH28,20). & AolME u fu} 3E 9 22| DPPH
2 ABTS' radical 271 4ol i3k Zjo]E YeRlA|qt —‘jr\‘z_}
% E3Eo] 7P 9% DPPH © ABTS' radical *74

Uepglon, tgoz oEopHolE HIEo] <=3t DPPH
2 ABTS' radical 24%S Yepllo] fARE 43S YepdS

/~o
R IV

BgraFE «] oJ8] £F % "OH radicale fenton
& H,0, T+ peroxynitrite®] #3|ZFE YA TE radicale] &
ZoltH30]. ¥ ¥ F=F H =9 50, 100, 250, 500
pug/mLe] FE=oA "OH radical 27 &4 =4 A3, X8 &
T FEE 2 BYEA 80% ©1’de] "OH radical 227 &
AL UEHE & AUATHEFig. 3). 39 %HL-J °ﬂ‘:4'£ =
E, FEE 29E, JdHolEHolE EQE e

wrg) |

T2 B
=L

&, AR ES 500 pgmLe] FEA 77} 8168, 90.54,
86.03, 88.68, 96.60%<] FX|= UrE]r"uo el & 4 Ak
53] ZE 9 49 FE2E 2 E£8E9 "OH radical £2AE
’dol 80% ©1dde YERfe], ¥ AFedA] =74 DPPH,

1o
ABTS', O, 5 Y& radical 94 "OH radical &7 &4o]

Vg $5Re ¥ 5 A

0, radical® 7P %710 AAEE SAALZY] UdF i
catalaseS} 7+& A3l Gl olF] EalEo] ukeAdo] kst A
o2 A UTH31]. 28} transition metals®] SRS

5 st 2AE B8 AIZ B olE AR A #AE
SPIE Aow nuAKp B A 23R 2 Y
=2] 50, 100, 250, 500 pg/mLe] EEClM O, radical 71
54 A, T R FEE 3 2= st Sl
2} 0, radical 2715 ©] Z7l8le] FreEAoZ O, radical
/\74% o] 71k & & AUMATHFig. 4). 53] FeE E¥=

O

o,

£ 50, 100, 250, 500 pg/mLA FEoA Zhzk 2454, 37.68,
4789 53.07%2] FAE UHEpisleH, e FEE B 29¥E
o vlg] ZE FxolA 7P & 0, radical &27%S YER

At u}~_&, odolMHlo|E HEEEo] 50, 100, 250, 500
pg/mLe] F=olA zHzk 13.77, 28.01, 41.96, 48.25%2 ?ﬂe
LERf o] -rE} FYE o2 953 0, radical 245
‘/}F/M]oq‘:} ek B Oq%oﬂf\i 7V 3 radical &A1
yehd Feks B3 E9] A 500 ug/mLe] sEolA 70% ©]
Aol DPPH, ABTS", OH radical 2A S e,
0, radical 2A%9 A% 53.07%Y FXE Yehfo] t&
radicalel] |2l H| w2 ‘;&8 radical 227 4L JeRNA

Fus SHES S|t RIEAOR, ¥d 55 ¥
gl ERA, 35422 aromatic ringell Rt olide] 4
2ksl7)(-OHyE 7}111 ATH33]. EEls skke 5 P 2
WS 2R She FepHolEE C6-C3-C65 7|82 FZHo= 3}
H Tl SRHE e 2E|EAlelE FHIE ookl 2Ee] EX)
Sl UUH34). SehHeol=s ¥Rl ZEdE 3gES 3%
&= W SAske o] 7 o2 sigtedt gGAl Adst
= 54 YeY, 53] free radical® A73ke TEHoR <l
3 sl B duA UuH33-35] Y fu FEE 2 2
g=9 T g9 4 ﬁE}LOl S Table 20 VERH
Ak T fub oEkE FEE, FEE £IE, odotAlE o]
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Fig. 4 O, radical scavenging activities of ethanol extracts and fractions of defatted from Camellia japonica L. seeds. Values are mean + SD (n=6). *
dDifferent letters are significantly different (p <0.05) by Duncan’s multiple range test

Table 2 Total polyphenol and flavonoids contents in ethanol extracts and
fractions of defatted from Camellia japonica L. seeds

Sample Total polyphenol Total flavonoids
(100 mg GAE/g) (100 mg QE/g)
Ethanol 17.60+0.17° 7.83£0.14°
Butanol 23.26+0.41° 32.39+0.92*
Ethyl acetate 19.92+0.42% 5.42+0.14¢
Chloroform 4.1740.12¢ 3.2020.16¢
Hexane 0.8120.12¢ 0.63+0.08°

Values are mean + SD (n =6). **Different letters are significantly differ-
ent (p <0.05) by Duncan’s multiple range test

Table 3 Contents of camelliaside B in ethanol extracts and fractions of
defatted from Camellia japonica L. seeds

Sample Camelliaside B (ng/g)

Ethanol 46.55+2.57°

Butanol 102.37£7.07°
Ethyl acetate 165.05+10.35%
Chloroform ND

Hexane ND

Values are mean + SD (n =3). *“Different letters are significantly differ-
ent (p <0.05) by Duncan’s multiple range test. ND, Not-detected

E 235, FEEXE BIE, i BYE2 717 17.60,
23.26, 19.92, 4.17, 0.81 100 mg GAE/g®l FAZ JeRATH
53] Fekg B38| Fgus ko] /P 0o, el
2 JHolMHolE F8Ee] EEus Tl w2 A ¢ F
UATE T Fub ek FEE, FEE BIYE, odomH
o|E RIE, FEEXE FIE, i 2YE9 SgHxolE
Stek =4 A3k, 724zt 7.83, 3239, 5.42, 3.20, 0.63 100 mg

ol 7P e AS & 7 YA

MUELO= quercetin, camellianoside, epicatechin, kaempferol
5o gt SHhErolE RS ek AR R
[36]. 53] FWLE-2] Fxloll= tsubakiosides A, tsubakiosides
B, camelliaside B 52| kaempferol oligosaccharide AI€<] =
ghalcol= ARo] ReHATH3T]. 15 F camelliaside BE
A AEEY] T4 FEEC FREAYE T8 AR
EEE A dom, T A0 AFEHEA &8 7t
0l A= HArETH38,39]. & Aol w9 4 5
=5 % ®B3E9] HPLC #4913 chromatograme Fig. 59 A
Akt TF3HHE2] chromatogram¥} B - 243 A3},
retention time 42.08%-°l4 camelliaside B7} &elE)on o]
= 7Y fu e FEE, FEE ZE 9 "ol
S159] retention time= YXsh= AL ERIFL &
F2E 2 EgEo] gF3l JE camelliaside B $F
PLC 34 H#E 53 A& A5, 59 fy oeke
FErE FEE, odoHOlE EEEA 717} 46.55,
102.37, 165.05 pg/el 215 HERNJATK Table 3). ¥FH 9 &
v FE2ys 9 ik BYEqAE HEERA &9 wEA
ANEE, FEg, dEoAH ol ES Sz & ¢ 3 A
camelliaside B7} & B& & F Aon, 53] ddopAH]
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Fig. 5 HPLC chromatograms of camelliaside B (A), ethanol extract (B), butanol fraction (C), ethylacetate fraction (D), chloroform fraction (E), hexane

fraction (F) from defatted from Camellia japonica L. seeds
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