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Abstract - This study was designed to investigate the possible uti

ilization of Castanopsis cuspidata as a source of antiseptic

agents. The leaves of C. cuspidata, extracted by 80% ethanol, were sequentially fractionated with n-hexane, dichloromethane,
ethylacetate, and n-butanol. In order to effectively screen for a natural preservative agent, we first investigated the
antioxidant activities such as DPPH radical scavenging capacity, superoxide radical scavenging capacity, and xanthine

oxidase inhibitory activity of the C. cuspidata ethanol extracts

and fraction. Using a screening system, we found that the

ethylacetate fraction had the strongest antioxidant activity, which followed a dose-dependent manner. The antimicrobial

activities were shown in the ethylacetate fraction of C. cuspidata
the highest antimicrobial activities against microorganisms test

. Among the five fractions, the ethylacetate fraction showed

ed, which were Bacillus sublitis, Listeria monocytogenes,

Staphylococcus aureus, Escherichia coli, Salmonella enteritidis and Salmonella typhimurium. In addition, leaf extracts of

C. cuspidata could be suitable for the development of food pres

ervatives.
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et al., 2006; Kim et a/,, 1999; Choi and Rhim, 2008;
Choi et al, 2006), &, AAE| EAsl= 3tdA 2
ol-ggte =M AlFo] AR M E WSSt = AaE
o] 0]F0]Z| 1L QtHCho, 2005; Topisirovic et al., 2006).
Pt 2ol gt At Wz RolA] o]8dh= AlEo]
U SRz 27t &5] He AlEso] diFEolth(Park
and Park, 1994; Maregesi et al., 2008). £3] FFa}
= Sy -rgoﬂ oF 27%< A8kl Qlow, dnfi=
Algo g AR, ke oA = ol ZEs HAL
25, Ad5o /\}—Q—EH 2tH(Yoon, 1994; Kim, 1996),
UHato] diat Ale|sha s/l shakst afel ajot sL;,L
ol ot 50| wol ool v, relAs
Wstel o 230l ABgIIEel tie B8 2
Aol otal B x| o] A Qlth(Lee and Shin, 1991; Kong
et al,, 2001; Yun et al.,, 2004),

R A EQ] AR Castanopsis cuspidata
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var, sieboldil= AE ¢ WEOZE XFFog JH,
S, Efolgh Goll R, Syt ATk, &
S golictold Ao ZiE3ch(Lee, 1998). F= Zﬂ—r"ﬂ
A shde wet Wol East Frfs g2 AU 9
A AL, golut Jofl JoA B7|e gt} HTole Oj“H
O] FFE Aol A ook Aol Bof A5l
ojFojF ot Yt £7] & o83t oY AFES 1%
F A4 o|th(Kang et al, 2002; Lee et al., 2010). & &
FoIA AUAREA HEANT B TASRIRY
AL olgelel R 22T U £AH uaRe
/\L]@}/\g g_g %Lﬂﬁi}% 74/\140}1 /}11 xixm«]o]q— o}x{M
2 s SIt AEAI AL HEAZA] A 1A

VR

H Agof| ARgoF LAY Castanopsis cuspidata
var, sieboldii Nakai) 9-& at}Al &2 200 mA| & Q] 4=
& ollA 2007 11870l Askal et E=E ol
ool AHena HEFTPIATE ST oA
7} A48t tHLee, 1979). HAE A1Eo] gHL A
3 JBRI-20071102001)& Al&sto] #5621
ST AT FEo] Baskglch HE

oF
[e]
A T ST F v = Eafske] 2EE el

il

et

r
mr I
=]

Ae3F L Aot
2 49 488 25

s

8% 5 % 652 A4kl Agsten

= dHHE 3%, IHA
(Table 1), HiA
Tryptic soy agar(TSA), Brain heart infusion(BHI)

Difco(USA) Aol A FHQ)stof AME-3FAT, 3 DPPH(L,1-

oe e s

FARRII 3250 St 9 3

diphenyl—2—picrylhydrazyl), NBT(nitroblue tetrazolium),
S 71 HFO] A|9FE-L Sigma Chemical
Co, (VSN Z28] I51e] A1, F5 8 W A
o U Ei SRACRE AEI,

xanthine oxidase &

TSR 9 —Er%*% 80% 01]E‘ri FE\PIEE 1R}
252 20 298 S)iKn-hexane),
)22 2 EH(CH:Cly), ]E‘O}*ﬂﬁlolE(EtOAc) Hep
(BuOH)S Z2F A835l0] $ajzlor B3} A% =
E3E A RE %) wEle] §AARIR AzAA 2
AE #8285 3 82 &3A1A 0.2 um membrane
filter(Advantec MFS Inc. USA)E A|43}0] 4Co] B3}
steiA g A B B4 o)tk

Total Phenolic compound Sk 24

o w54 249l phospho—
molybdic acid®} ¥H-3-5}o] 72?*—'1 & Uetli= e o83t
Folin—Denis F'H-& 0|23} % tH(Singleton et al., 1999),
7} A|&of Folin—ciocalteu’s phenol reagent(Sigma, USA)
2 zatsle] 387 vhe A Ak v Ao 2 M sodium
carbonates Zgsto] A-2oA 1A]7F Fet vhE-EH &
725 nmoj|A] Microplate reader(Powerwave XS, BioTek)
25 E ZX*’S}@‘ t} ¥ZEZL tannic acid(Sigma,
NS 4 T AR 2

b t‘;jLEOl:% g/ mg tannic acid® YERYSIc)

Phenolic compound &=

Total Flavonoid ¥F &%

Total Flavonoid 3}¢H&E9] shefe Bkl HIH-S: o] 83}
o] zx%—s}gﬁu}((]hoi et al., 2006), ZF A]Zof 5% NaNO;
E Ao A AT -, 10% AlCLE 3
715t éﬁfﬁ? Aol A 587 §HG-AIZTH 1 M NaOH

Table 1. List of microorganisms and media used for antimicrobial experiment

Strains Media Temp.(C)
Gram Bacillus subtilis (KCTC 2213) TSA/TSB 37
positive Listeria monocytogenes (ATCC 19115) BHI 37
bacteria Staphylococcus aureus (ATCC 25923) TSA/TSB 37
Gram Escherichia coli (ATCC 25922) TSA/TSB 37
negative Salmonella enteritidis (KCCM 12021) TSA/TSB 37
bacteria Salmonella typhimurium (ATCC 14028) TSA/TSB 37
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SHE Egsto] 37CoA 117 BHGAIZ] -, 510 nmO]|
A Microplate reader(Powerwave XS, BioTek)=Z 5%
T2 24519 254 rutm(Slgma UsSA)E o] &
Slo] LETHG BAT T AR F Eehriols F

£ g/mg rutin® &

DPPH radical &2A84 &3

3LAIS)EFA-S DPPHE 0]&310] A|R2] radical A2ASS
2519 tHNara et al, 2006), =51} HIES
o =R &AXl AlZHE 20 mM DPPHE Z3tsho]
158.7F et oA whE AJZIZ 517 nmo]|A] Microplate
reader(Powerwave XS, BioTek)® 4 =& Z43}%}.
DPPH radical & &752 A& A7t} v|Z74E vl
5to] 1050 50% AA%S ey w2 Uehfgct
2O 2= SigmaAl?] butylated hydroxy anisole(BHA),

ascorbic acid, troloxE ARE-S}STY

S methanol

Xanthine oxidase 94| ¥ Superoxide £AHE4Y &3

Xanthine/xanthine oxidase(Valentova K, 2005)9]|
95t uric acid 42 290 nmoA F71E SHEE =4
SHRAAL, 2O 2= allopurinol(Sigma) & AHE-SIITH,
Superoxide®] %2 nitroblue tetrazolium(NBT) 4w}
HOZ 560 nmo] 4= =43 cK(Silva et al, 2007),
Hg-ole 7+ A|59} 0.5 mM xanthine, 1 mM EDTAS
200 mM phosphate buffer(pH 7.5) 100 pLoJA &H|3}
911 50 mU/mL xanthine oxidaseS 7}8}o] uric acid
o] AL FE3l4tt. Superoxide &AL ¢ HES-
ool 0.5 mM NBTS Z7}ate] 37 CollA] 2087 WA
t}, Xanthine oxidase YA Y superoxide &7 T4
TR 50% 2T 1) U ARe) R0 &
Nekgon, 7k AR 33 wEsel ABS A0 3

2 el

r:Ll

Y9 23

P4t 242 Disc diffusion assay HH-S AHESHATH
(Hayes and Markovic, 2002; Mothana and Lindequist,
2005). 7+ #3F= 10 mLe] AR | o] HZ3}1 37 CofA]
18A17H4 33] Altf wljoFeto] g Aldwt2 ARSI
o, 7}z+o] Aldd =2 0.5 McFarland .2 10°-10°
CFU/mL =7 3+ ¥ pour—plate Wil +8F FHH|A|

Q3519 Zkzke] A8 50 mg/ml EEE F
= paper disc(Whatman No.5, 8 mm)oj
78] j—r AR, BuiE e8] LA, ARE
Hokaj 2] o discE W2FA|7) L 37CoflA] 24417 wjF
gk 5 disc Hof AAE AEA sl (clear zone, mm)9]

il
l-'E]
o[-[‘ E
75

FUEF.

A A s (Minimum inhibitory concentration, MIC)
R BSA g 4

| AA 8l = (MIC)+= Micro—well dilution assay W
(Amster, 1996; Al-Bayati, 2009)¢| wtz} =A3}4ict
2}7+0] I %S 0.5 McFarland ©2 10°-10° CFU/mL
7} =4 3 3 96 well plateo] B}, 7k A RS H&
HE 10 uLAR 223t 24A|7F vlekslAt Al aijokel Q]
ZAl A& Microplate reader(Powerwave XS, BioTek)
2 650 nmo| A A3 MLA S-S o) 2 Hhy
o7 77k A|RE 1 mg/mL BE& X g]ste] vjokstg]
t} o] AR)718l 24X 7oA B ghS AL TS

3} e A ol galel ASANEL ettt

% inhibitory effect =

(control — control blank) — (treatment — treatment blank)

(control — control blank)

A U
o= FollA] 4.26 g W NS FoN 4.9 ¢ T3 24t
L Gl 7.00 ) olEE ek, PR o
| ollshe F&2e

9] oekE FEE 482 oF 25.69%°]1L
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fgl 7k SAHEEE % Slat 6,28%, UEREuE 6.44%,
o dotAE|o|E 20.2%, FEHE 23.33% 181l 84 &

’

90| 33.78%2 7Y £ $8 R

Total phenolic compound ¥ Flavonoid &
sisdl 2R AR 27} dAER de) Bl 9)
1l phenolic hydroxyl 1% wj&of theFst Ajej&Adof
o:]g r 74 o Ol—g:]);] olr,} 3} D}—HH;Q_L]- ﬁng}t /\éxal
& OAE A2} 2Rgsto] AFAE R RN
FEI SO g V5L 7}XIE]-(L1u 2004; Ryu et
al,, 2008). FABIE Qo] ol FHET £AH B
il 5 et ol g 1
S}ItHTable 2), & EdHls IFE otk FEE00A
404,07 mg/g, Ato|A 79,43 mg/g, HIZZH|THA]
307.29 mg/g, o otAgo]E A 925,14 mg/g, FEHEo]
A 344,79 mg/g, 1Pl 8 R EO|A 95,86 mg/g
2 o opAlelol= 8=o] Fagol /14 ek, T

o] gufe] FEeEE el Bl Ao uig-
=%y, 53| ofdotAHo|E £ E2 oehe &5
v oF 2.5 v 71 S71E= A3 Bt (Lee et al.,

2010), ZefEwo|E Hmy SRR dFo|BR 7 A

29 F SetileolE o2 ¥ HeA e LT
BEe HA F SRR kolE A oHEE FE=0l

A 68.65 mg/g, BAitol|lA] 8537 mg/g, TEEEH|TolA
87.04 mg/g, cdotAHO|E)A| 148,89 mg/g, HEH&
A 70.88 mg/g, TLe|il 84 EEEolA 7.91 mg/g=
UrERY Sitt,

P32
wm} 249] 7P A 7)1 §2)7)9) Hhge
$8)7] A7 282 SAatr]ZH(free radical) ol A
Z]_ Folsle] AR 20| 3FAMEl BT ol oA
AA|sl HE AFLETHAK and Giilgin, 2008), LAt

W Qo] ofekg 252 W SA1H 2380 a2

Table 2. Total polyphenol and flavonoid contents in ethanol extracts its each solvent fraction from C. cuspidata

Extracts/ Content(mg/g)
Fractions(fr.) Total polyphenol Total flavonoid
80% EtOH extracts 404.07 + 6.57 68.65 + 1.58
n-hexane fr. 79.43 + 2.02 8537 + 1.58
CH,CL, fr. 307.29 + 8.08 87.04 + 2.36
EtOAc fr. 925.14 + 20.20 148.89 + 1.58
BuOH ft. 34479 + 7.58 70.88 + 1.58
Water fr. 05.89 £ 1.01 7.91 £ 0.79

The data represent the mean £+ SD of triplicate experiments.

Table 3. Comparison of antioxidant potential by the ethanol extracts and its various fractions of C. cuspidata

ICso(ug/mL)”
Treatment DPPH radical Xanthine oxidase Superoxide radical
scavenging activity inhibitory activity scavenging activity
80% EtOH 16.26 = 0.92 37131 + 13.85 81.08 £ 2.50
n-hexane 114.50 + 1.49 > 1000 42434 + 6.63
CHCl, 22.66 = 0.03 NA 81.61 + 2.57
EtOAc 11.99 + 0.02 152.47 + 10.09 25.80 = 1.23
BuOH 19.74 + 0.59 399.20 + 5.95 64.28 + 19.63
Water 172.42 + 10.02 > 1000 637.37 + 85.82
BHA” 2270 + 0.61 NA NA
Ascorbic acid 3.90 + 3.22 NA NA
Trolox 8.62 + 2.20 288.60 + 4.4 189.9 + 2.03
Allopurinol NAY 3.12 + 0.17 22,65 + 0.35

YCso values were calculated from regression lines using five different concentrations in triplicate experiments, 2)Butylated hydroxy anisole,

’NA: not available method.
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doll gt Z7HE Table 39| YEIct, DPPHE| free
radical 22AZYE ek 355, Do 0| EQ} F&t
< FY52 222 BHA 59 A9 vlastol e
s FEox|A] o= B 2L 9lom, ICsake 2t
16.26 ug/mL, 11,99 ug/mLy} 19,74 ug/mL= YERGTH
AR Gl o] o gotAHo|E EElE oAl 74.88
ug/mLE o] dufjof H|&jA DPPH free radical AAHE
3 8 =4 Uetddth(Lee et al, 2010).

Xanthine oxidaset hypoxanthine2 AFSIA|AH ZF 4|
O % uric acid®} AbAE AYASHH 4hafe] 7)o g4k
S77h A2 RE S Eal A E Akafe]7]E Al
EO| £ 2gltk(Silva et al,, 2007), ES superoxide
radical= A|3Eo] S-3l5F AFAS2]7] 2 Xanthine oxidase
O} nRIZIA R A0 &S YOT|BR o|2) olF &
Adkz Ak S 717 S48 w9 $25H(Ak and

Giilgin, 2008). Xanthine oxidase A3} 413} superoxide

radical 242 xanthine/xanthine oxidase system. 2
2 27319ich 71 A3} xanthine oxidase A3 2L ofgk
= 355, ogoME | EY Fets 8= oAl ICogtol
373.31 ug/mL, 152.47 ug/mL7} 399.20 ug/ml-< UFe}
WAL 71 9] Y A] HEEol A= B4S WA ot =
superoxide radical A7 SAL et 25 9 £X}4
o= B APolA B4o] Jlen, 53] o dopAH|e]
2= 7 ICsofko] 25,80 ug/mLE HETE ARE-
Allopurinol ¥} Z-& 4239] superoxide radical 47| &
92 esict, teld TSRS 08 Soet gt

of A= T & 5 9l JoR AleH

o (m

S

o

B 24

ARG U] oeks 22ED 17 £920] F
+EA-L Disc diffusion assay WO 2 Ag]sro] &
3

Ju2 S ST AYhe Table 491 At ofEs &=

Table 4. Antimicrobial activities of ethanol extracts its each solvent fraction from C. cuspidata against microorganisms

Clear zone on plate(mm)l)

Strains conc.(ug/ml) EtOH n-hexane CH,Cl, EtOAc BuOH Water
B. subtilis 100 — — — 10 — —
250 9 — 10 12 — —
500 10 — 12 14 9 —
1000 11 — 14 18 10 —
L. monocytogenes 100 — — — — — —
250 — — — 9 — —
500 — — — 11 — —
1000 9 — 10 12 — —
S. aureus 100 — — — 9 — —
250 — — — 12 — —
500 9 — 9 12 — —
1000 11 — 11 14 9 —
E. coli 100 — — — 10 — —
250 — — 10 12 — —
500 9 — 11 13 — —
1000 11 — 13 16 9 —
S. enteritidis 100 9 — — 10 — —
250 — — 9 11 — —
500 — — 12 13 11 —
1000 9 — 13 16 9 —
S. typhimurium 100 — — — 9 — —
250 — — — 10 — —
500 9 — 9 11 — —
1000 11 — 9 12 9 —

UDiameter, 2)Noinhibi'[y zone was formed.
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Table 5. Minimum inhibitory concentrations (MIC) of the ethylacetate fraction from ethanol extracts of C. cuspidata against

microorganisms
. Growth at various concentration(ug/mL
Strains (hg/mL) MIC(ug/mL)
0 31.25 62.5 125.0 250.0 500.0
B. Subtilis +) + 2 - - - 62.5
L. monocytogenes + + + + - - 250.0
S. aureus + + - - - - 62.5
E. coli + + + - - - 125.0
S. enteritidis + + + - - - 125.0
S. typhimurium + + - - - - 62.5
YGrowth, ?No growth.
OF. subfilis
o B L monocyiogengs
B aureus
s BE coli
E'Q &0 Ll enteritidis
: ok MY fyphimurium
3 * T
60 3
% J_ w0 *
= & wk
L :
=40
=
||
p [EN 1A, ]
EtOH n-Hexane CH,CL, EtOAc BuH Water

Fig. 1. Growth inhibitory rate of C. cuspidata ethanol extracts
given are means = S.D. of triplicate measurements(*: P<0.05,

I A BEE FoA detE FEE, HEEEvu

oEotAlElolE &S AYEert SUtErE Pt
3 Uetll= AsAsigt 27171 nlgd e 274 F7tst
At a3k FAH9l B subtilis® 12 £ coli,
P aeruginosa®| A AJSAsfeke] 22 18 mme} 16 mm
9] clear zoneQ & Tt B0 A YERISITE <=AH4

3= SollA Fol 7 A vehd o dobAglol &
829 oA seS S A5 Bsubtilis, S,

aureus?}t S typhimuriumo|A 62.5 ug/mLE 7} 2
si20]4 A80] AL ALk Table ). E3 AT
Q0] ke 2B £A4 BB SEES | mg/mL
o2 mAEe] ek A &S S4skthFig. 1), 1
A1} t 2 2ek} odotAglo]E £250] 659 vl
dafiA w2 AeAsleEs Uit 1 F HEzzrw
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its each solvent fraction against microorganisms. The data
*: P<0.01).

B352 B subtilis, L, monocytogenesit S typhimurium
of sl 80% Fr2 == Adfa= UErHIL, o dotAl
E|o|E B3I Eo|A= L monocytogenesol 98%2] 714+

=2 AeAdes YESH. &, A3 oeE
FEad 2deY e IR IESE
B BAE THAIAL e & 4 sl

ool AuE &, AU Sl ofEE FE=
o e galetet o] vlEdE & 4 lem,

ootAElo|E EEEofM= atetet Fat B4 At
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3k U-IX{ }ﬁﬁ}%‘r’\jﬁ DPPH 4&AZ4], superoxide
radical &A A
cvgolst, 1 2, gl
J‘XJOEE 7} P%;é%i%{;§}§% 40 L}E}q%Ht% Eﬂ%}ﬁi&]o
e 222} SUIIES SEUR AT F7 o
B35 v|3|| Bacillus sublitis, Listeria monocytogenes,
Staphylococcus aureus, Escherichia coli, Salmonella
enteritidis 18|11 Salmonella typhimuriumo|A o|&o}
AlElo]E E2l=o l"‘ﬁ a4E E]‘HE} oA AulE &
& HEA S o] A%
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