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bioautography 2.2 Algadct. dezre 3429 ethyl acetate 7H8-%+ Klebsiella pneumoniae
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ABSTRACT

Antimicrobial activity and antioxidative activity of the organosoluble extractives from the leaves, bark and xylem
of Quercus dentata were investigated. Antimicrobial activity was tested by paper disk method and bioautography
methods. The most pronounced antimicrobial activities of leaves parts were ethyl acetate solubles fraction against
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the Klebsiella pneumoniae by the paper disk method. The strongest activities of bark parts were ethyl acetate sol-
ubles fraction against Bacillus subtilis, Klebsiella pneumoniae. Ethanol extractives from xylem parts showed high
activities against Bacillus subtilis, Staphylococcus aureus, Klebsiella pneumoniae and Vibrio parahaemolyticus.
These antimicrobial activities of ethanol extractives from Quercus dentata were in order to xylem > bark > leaves.
The strong inhibition zones of the ethanol extractives and its fractions of xylem showed Rf values in 0.41 ~0.63.

In leaves extractives, the petroleum ether solubles showed lower antioxidative activity and ethyl acetate insol-
ubles showed higher antioxidative activity of 70% compared with the ECs, values of the control. Antioxidative
activity of bark and xylem extractives showed higher approximately 2 times than the control except the petroleum

ether solubles.

Keywords : Quercus dentata, antimicrobial activity, antioxidative activity, paper disk method, bioautography
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[ Lo Bak Xylm |

— extracted with 95% EtOH

[ ]

— extracted with LPE

%
[~ extracted with Et:O
- extracted with EtOAc
o e
EtOH : Ethyl alcohol E40 : Diethyl ether

LPE : Light petroleum ether  EtOAc : Ethyl acetate
Fig. 1. The separation scheme.

2.3 B30 U 2E 9y

Hg 2y B9le A AlRE 95% olEEd
T2XZE AgelX AAAA FEson, 33 wi
F&39ct. 4 F2E8L oA Whatman No.
22 A3 g, 40TAA A F
petroleum ether(LPE), diethyl ether(Et,0),
ethyl acetate(EtOAc)E €32 d& 2Z3ld
Fig. 13 2] £33 cH(Kim, 1998: Moon et
al., 1997).

HAUF dgg 28 9 $IE9 FFAde

Table 1. The list of bacteria used for antimicrobial activity.

84 100,000ppm FE2 ZA G, 27
streptomyein® 100,000ppmo.2 ZA &te] AlE
157 A=

2.4 Paper diskgoll 28t B7M AN

2.4.1 BATF

AEFR AT AT G AFE 9% T
Al Table 13} 2t}

24 23T Y g

7 B9 deg $28 9 EHE9 7 74
e AEAHEAHLS agar plated ALRF Z4%
& Aldo2AM paper disk¥el wal @asigc
F= 10°ppmoZ A E 2 A&E clean bench
WollA] da#d paper disk(F7Z 8mm. 57
1.3mm @ AdvantecADd 5048 FFAN F,
g €438 AAsSAIMoon et al., 1997;
Park et al.. 1994). WA+ DIFCO pH 6.8+
0.2 AWM E ALgdAct. & wEIeRe
30g/ 19 NaClg #H7sle 23AA 469
incubatore] X (Fi&)sHtt FHuAE 2 7
% A"gwdt A7l ¥ petri dishe] slse A3t
o 15m] 53 sHor 2P, o] A¥E H
WA ERe] A28 AHA7 paper diskE Y
ZHA)1A 28T incubatorolA 24~48417F Wl <kal
A,

2.4.3 7 By

dHY AN ANEE FHAIZ paper diskE
H g3E] JEe o8 Fol A¥AHE Vel
€ clear zone®] A& 2% F L9 Yoz
ANANE Fite dzTg ¥ wsHcHKim et
al., 1997). ol" HEFEF streptomycin sul-

Gram's stain Bacteria Address

Gram(+) bacteria Bacillus subtilis ATCC 9372
Staphylococcus aureus ATCC 13301
Pseudomonas aeruginosa ATCC 10490
Klebsiella pneumoniae ATCC 13883
Gram(-) bacteria Escherichia coli ATCC 15489
Salmonella trphymurium ATCC 14028
Vibrio parahaemolyticus ATCC 33844
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fate® AH&3tic).
AEANEY (mm) = (H29e FA - &
9 H73) /2

2.5 Bioautography®oll 2|8t #74A ZH

2.5.1 3AF

Paper disk®¥dl 2% 78 A, g8y
ol vlmA FA Jelie 3% T& Hdio 2
Aoz gt

2.5.2 HEUY

FaEH #FAsdE EA9 FAWPoesm
TLC(thin layer chromatography)& o] &%
Bioautography®¥& ©] &3I4t 5. 1989).
TLC plate(Silica gel 60Fss4, thickness
0.25mm : Merck el 10°ppme 2 ZAF zt
49 FHEE spot® @&, cyclohexane :
ethyl acetate(7:3, v/v) A/ &uld] Po] 208
Zr AAARAY. TLC plated ARAIA ANLuiE
#4738 AAF F clean bench ol ¥o
UV(ultraviolet)dtel A 2412t &<t TLC plate®
AMdo] BEE2 YEHAF| L, 2~3A2 WX e
T ANE BEEol FAHMA Fof YAHEE &)
Rt TLC plate® AAT ¥ FHFBRE 28C
incubatorell Al 24~48A)zt wheFsl ),

2.5.3 #4594 AdH

Incubatorol A HikAIZl Og /MY EEEo
SR o giE Hoo gFgAd 2§ clear
zone?] BAH=AE #sd). $Tgde v
9 clear zone9 Rf(Rate of flow)X & Alta}
4t

HOAH
4E £4

2.6 gM2EER9
2.6.1 YAutg
FAAko A HEd BAdY Hdde

DSA(diazotized sulfanilic acid)& AM&3tgo

o, o} Z 29lo] FYE ¥EE 10°ppmeE =

A&tAdxn, AMENE cyclohexane : ethyl

acetate (7:3, v/v)& Ah&slg.

2.6.2 845 BFEEFTS HE H[m
F718E o BHEA Flde TLCE A}
433tk TLC plates] ¥= 10°ppme] & E3}

BEFEH 12% & spotdld cyclohexane : ethyl
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acetate(7:3, v/v) AEuld)A 2083 AANA
o 89E AAY o HAE UV 245mm= &
A 8 F, 50% Be BT 105¢C Az7)0
1083 #A3ld #4A A, Bioautographyel
A AFEYE B RFXS SUAA F2EAo)
A ete=rte BEEAT. AR vad AHEE B
EHEA flavonoid®¥ e 7FLE (+)-catechin,
(+)-taxifolin, rutin, (+)-catechin hydrate,
flavone, flavonone, quercetin dihydrate°|%
lignanf & 5% 2 & pinoresinol,
syringaresinol, todolactol C, lariciresinol p-
coumarate, e-intermedianol& A}&3lc}h.

a,

2.7 EMEES AY

FIEd-E 2AEP] A8l ZF 29 Jee
Z2E 9 ¥YES 2ppmolMEEH 100ppm7HA
10949 w2 2A%9Y. $a8849e DPPH
H(Yoshida et al.. 1989)o.8 =33},
DPPHe ®r-g4& BHT(butylated hydroxy
toluene) & HZF2 3o ¥lm HEsIYh. BHT
9] Z+ Fxd el DPPHE radical T34 &
¥232EA 518nmolM FR=E 728 2F 8o §
AgFA ] EAR dd. 4 ANasEe uEs
£ 4ml9l 0.5mM DPPH €9 1mlE #Hr7}std
% Sml7t HES sz, §d980 2 &dE + ¢
EE vortex® & 3023 WA Fo] UVED
AE AR 518nmolAd FFE #2428 2HEY
t}. blankel A& W& 4mldl 0.5mM DPPH&
4 ImlE E¥A7 2= DPPH £98 FA @
B Mg ALt 3aEy AR e 93
o #itsl &E¥E 0.5mM DPPH &9 g
50% &%= 242E el A9 %2 (ECsy)
2 ZEAI8ItH Yoshida et al., 1989).
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3.1 Paper disk#of| 2|3t &M HH

3.1.1 9 &89 gagd

Ao dEE 328 9 2 REHEQ ZF Fo
A3 YAHNAIE e Table 28 2l e
q@E&FEEY BHEL Escherichia coli,
Pseudomonas aeruginosa ¥ Salmonella
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typhymurium@& A Yoz 4% Fof o
d BAHE JetWAdd. Vibrio para-
haemolyticusttel W& A& petroleum ether
7185 diethyl ether 71859} ethyl acetate
7AERA D FFEAAE BT

EHE F 2 ¢ dis A S 34 Jeid
Y EL ethyl acetate EE&5Hen, A8
< Klebsiella pneumoniaeztol Walx 14 2
A vergsn, HEwtAe]l 2. 14mmEA 279
streptomycin 7.32mmodl H]& < 29%2l As)
EAE veldc)

3.1.2 0| x&89 ¥FEM

7 dE€E FE2E 9 7 BB Fo W@

CAES - ANR 235 4AF

AZAHN LR dae Table 29 20}, g 32
E7 ¥¥EE Bacillus subtilis, Staphylo-
coccus aureus, Klebsiella pneumoniae %
Vibrio parahaemolyticusttel] &l 3784l
et e=d, petroleum ether 7HgRde &7
gAdo] JEMIRA] &skel. Salmonella typhy-
murium@ol e+ diethyl ether 7Hg3oA
e 84S 2Hon, 28] Urx RN
© ®Ae] YElR gt EHE F 7zt @l o
& Azgde] 7t & AL ethyl acetate 7H&%
o9z, WET7e vlmaled Klebsiella pneumo-
nige@el e A#WwAEo] 4.56mmZB WNEF
7.32mmel B8 o 63%<9 B4 AsHrt YEigte

Table 2. The antimicroial activities of ethanolic ethractives from Quercus dentata leaves, bark and xylim.

Bacteria EtOH LPE Et,O EtoaC EtOAc Strepto-
extractives*! solubles solubles solubles insolubles mycin*?
, 0.75 0.17 094 093 1.45%
Bacillus
. 3.40 - 197 4.67 4.23* 8.34
subtilis
4.68 258 382 429 4.56
0.64 0.23 0.74 040 0.76
Staphylococcus
2.19 - 2.13 238 2.16 741
aureus
5.17 198 468 4.82 474
Escherichia i i i i
. - - - - 6.92
coli
Klebsiella 1.66 0.30 1.52 153 2.14
. 3.66 - 232 4.56 296 7.32
pneunoniae
4.06 238 3.93 403 4.18
Pseudomonas i i i i
. - - - - 1220
aeruginosa
Salmonella i ’
. - - 0.33 - 7.49
typhymurium
0.38 025 025
Vibrio 2
. 0.86 - 1.14 1.76 0.79 6.64
parahaemolyticus
243 043 1.02 1.44 1.72

*1 : The concentration of the control and each extractive fraction : 105 ppm, Growth inhibitory unit : mm

*2 . Control *3 : Leaves *4 1 Bark

- 46 -
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W, Bacillus subtilis@ ol X+ A& A o]
4.67Tmm= &2+ 8.34mmol sl 60%2 A3
4 Z37F JERE

3.1.3 EXR FEE9 goEgy

EA8 dEg 280 BHEY Z4F 7o o
@& AEAHAE d3e Table 29 #ol 2ldx
qTE FEEL ov] IFT 4 FFEH F9 F
ZE9 vF =2 FFEHE Jeplld, s F
2539 ¥¥E& Y% Bacillus subtilis, Staphy-
lococcus aureus, Klebsiella pneumoniae %
Vibrio parahaemolyticusgol 8] % &)
velsich, ogE 280 MY gL AAEHE
Bgoew I tge® ethyl acetate E8&F9}
M5t e FE£EEL Staphylococcus
aureusdol A AHEAY WHEe] 5 17Tmm= 2T+
7.41mmel ®& 70%2 7+ 5 AL B
e Bacillus subtilisgdlMe& AH3wt7Ao]
4.68mmzZ ZF 8.34mmel H3 56%2] A&
24-¢ Jebdth, Ethyl acetate ¥8%%& Kleb-
siella pneumoniae@ol A A#HAH 4. 18mm=Z
27 7.32mmel oE 57%<2 AsEd EAE
B9 e Vibrio parahaemolyticusto| tha]A
= A ggdol el

Paper disk®¥el &g g4 27 BY,
Hode deEE FHEHN BEYEL Bacillus
subtilis, Staphylococcus aureus, Klebsiella
pneumoniae 2 Vibrio parahaemolyticustel
g A3 dTEdE vien, guge 2R
I AR Ve

3.2 Bioautography'gol 2|8t &rd HH
3.21¢ &8
Ao ogrg &5 BYEL Bacillus sub-
tilis, Staphylococcus aureus, Klebsiella
pneumoniaed] 3F7o) 3l 4L BT} d
B2 F&89 RfX 0.48, petroleum ether 7}
4o x RfA 0.44, diethyl ether 7F&-% Rf3|

"~ 0.46, ethyl acetate 7F&%lA Rfxl 0.46,

ethyl acetate £8% RfA (.48 HAlM 2%
BoEHE EAY.

Staphylococcus aureus®t Klebsiella pneu-
moniae@N = AEE FFE, petroleum
ether 7}8%9} diethyl ether 71-8%2] Rf#
0.34~0.35 ¥A|AM 2tel gt do]l Jelstth.

3.2.2 %5 5§

oo deg F2EH FYEL Bacillus
subtilis, Staphylococcus aureus, Klebsiella
pneumoniae®] 3% il AMEHLE 2E
. dgg F2E, petroleum ether 7}8%s}
diethyl ether 7}8-%, ethyl acetate 7}-% %
B85 Rfx 0.519014 29 ¥4& AT,
Bacillus subtilis, Klebsiella pneumoniaed ol
A& petroleum ether 7}8% diethyl ether
7H8RAN = AHEYel JGEIGA ¥,
Staphylococcus aureusolX e Jdgg F2E8
3} petroleum ether 7H&-%2] Rf&] 0.34914 A
ggdol osihA el

323 2% *8E

23R Jes 28 EHYEL Bacillus

Table 3. The antifungal activity in the ethanolic of xylem to Bacillus, Staphylococcus, Klebsiella.

R Inhibition*?

EtOH extractives LPE soluble Et,0 soluble EtOAc soluble EtOAc insoluble
041-0.63 +++ +++ +++ +++ ++
0.26-0.27 ND + + + ND
0.11-0.12 ND ND ++ ++ ND

*1. Solvent : Cyclohexane / Ethyl acetate (7/3)
*2. Inhibition : +++ Strong inhibition zones
++ Medium inhibition zones
+ Weak inhibition zones
ND Not detected
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subtilis. Staphylococcus aureus, Klebsiella Elxtth. petroleum ether 7}&%9 diethyl
pneumoniae 3% el Wiste] A3 ¥A¥AE ether 7185 3 ethyl acetate 7}&%9 Rf3
Bk, B3N] ogg 283 4 2HEY Rf 0.26~0.27dM % agAdo]l <3t Jeldon,
A 0.41~0.63€ F422 clear zone¢] 3A diethyl ether 7}-83%%} ethyl acetate 7185

Table 4. The antioxidative activities of each extractives fraction from Quercus dentata leaves, bark and xylem.

EtOH LPE ET20 EtOAC EtOAC
ppm . BHT*!
extracts solubles solubles solubles insoluble
-0.060 +0.060 -0.036 -0.008 -0.031 -0.126*2
2 -0.120 +0.008 -0.104 -0.175 -0.178 -0.126%2
-0.189 -0.045 -0.119 -0.171 -0.222 -0.126*+
-0.109 -0.076 -0.070 -0.075 -0.058 -0.135
4 -0.308 -0.015 -0.220 0312 -0.324 -0.135
-0.300 -0.092 -0.190 -0.262 -0.301 -0.135
-0.136 -0.083 -0.108 -0.103 -0.123 -0.220
6 -0413 -0.047 -0.323 -0.499 -0.499 -0.220
-0.436 -0.141 -0.305 -0.393 -0.462 -0.220
-0.164 -0.129 -0.166 -0.197 -0.153 -0.290
8 -0.571 -0.053 -0459 -0.607 -0.607 -0.290
-0.586 -0.191 -0431 -0.536 -0.610 -0.290
-0.222 -0.130 -0.244 -0.204 -0216 -0.365
10 -0.793 -0.067 -0616 0714 -0.805 -0.365
-0.637 -0.207 -0.501 -0.662 -0.788 -0.365
-0.330 -0.280 -0.346 -0.325 0423 -0.578
20 -0.824 -0.119 -0.885 -0.880 -0.880 -0.578
-0.881 -0.515 -0.848 -0.881 -0.867 -0.578
-0.582 -0472 -0.613 -0.599 -0.742 -0.752
40 -0.885 -0.225 -0.882 -0.885 -0.875 -0.752
-0.844 -0.701 -0.880 -0.885 -0.889 -0.752
-0.755 -0.545 -0.683 -0.677 -0.743 -0.790
60 -0.883 -0.311 -0.857 -0.884 -0.822 -0.790
-0.885 -0.763 -0.886 -0.884 -0.875 -0.790
-0.809 -0.635 -0.770 -0.807 -0.798 -0.829
80 -0.843 -0.449 -0.889 -0.858 -0.852 -0.829
-0.883 -0.804 -0.886 -0.888 -0.887 -0.829
-0.805 -0.808 0.782 -0.818 -0.826 -0.854
100 -0.852 -0.570 -0.866 -0.860 -0.862 -0.854
-0.887 -0.815 -0.887 -0.887 -0.885 -0.854

*1:Control  *2:Leaves *3 : Bark *4 : Xylem

(—) : Degree of discoloration
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Table 5. Scavenging effects of EtOH extractives and
fraction from Quercus dentata leaves, bark
and xylem on 1,1-diphenyl-2-picrylhydrazyl

radical.
Sample ECso(ug)*!
33%2

EtOH extractives T*3
7*4
48

LPE solubles 88
19
30

Et;0 solubles 9
10

EtoAc solubles 32
8
23

EtoAc insolubles 6
7

BHT 16*3

*1 : The indicative values of 50% decrease of

DPPH radical
*2 : Leaves *3 : Bark
*4 : Xylem *5 : Concentration : ug/ml

RfA 0.11~0.12:0M % A @del el &
AR degg F&2FB9 ¥EUE F diethyl ether
74859 ethyl acetate 7FEHolA Aol
A JERSE A8 5 A

3.2.4 #4890 REEHDS ME vl

Paper diskgog ¢, 3, EAR] g
o §4& HAF A, BARAAN Y dwgd
o] Holjygtona EFRd dsld FFEHATE ¥
DENE TLCEAH oz 3},

Table 314 Ei= uis} Zo] 2HE9 Rf 0.41
~0.63 dYolr W clear zone® ¥ 3l
Qed, BEEEFIY RfHe vlad A3,
flavonoid®l flavone® Fdid/del A&t
agln ANEANEY RFA 0.11~0.129 Hole
€32 flavonoid?! quercetin dihydrate$

-49.

lignan$l pinoresinol, syringaresinol®] it}
metAd EEEA T RFA vlaedA gA999 o
A3 BF L flavonoid9 lignansg X% #
B4 Bdol #AE steAel & ALE FHo
=it

Kim §(1999)& +4uE E3ox dejg g
a3 ¥ todolactol C7} Vibrie para-
haemolyticusto] W& 10'ppm F=29 HdM
streptomycin®2th ¢ 1.7919] €4& Bgow,
3% & e-intermedianol® K. pneumoniae ¥
S. aureus ¥ Tl W& streptomycin® <
36%< 37%9 AAEAE B dHEd, o
s YUEEL 25 duy A E SAIE XEH
o de FEYE Avz Uk Lee $(1991)
At HE FEF2EAM HFE Fun|PEe] F4
& dAste AE ¥ B EAFTE e
#elaty o, Rl APR o F2E
A ggAo]l et Baghdt glct

Moon ¥(1997)& F3zhtFe 4, ¥, 53
Fo gk 4F g8 FEE] YFEHE A}
g dat, toldolu2 71857 24" s183)
A el Yttt Bad d gloh

3.3 SMEEy A

3.3.1 ¢ &FE9 HusEN

Qo] ogg FEEF FHEQ petroleum
ether 7}8% diethyl ether 7}8%. ethyl
acetate 748 % B8 EYE} g DPPH
9] radical X349 % (FiEERE) & Table 49 e}
Wt} petroleum ether 71X 3434
o] F3] ¥A yehd 9 ethyl acetate B&%
dre #itsteel 713 A el Ethyl
acetate B&% FH B Fiusle g w4 4G
F e Re FAPAE FTo AxFAN) ol &
As7] ez YLET),

Table 5& @& F&28 % 2z £HE9
DPPH radicalel & #itslsd ECxp() 22
84& AEF dieltd. Ethyl acetate E8%
t 23ug/ml2A El B¥E) H)3ld e gais}
g BEHdh o] F3Ae d27<¢ BHT 16ug/ml
o gl oF 70%9 AL Jehiid aElm
ogtE #&E. diethyl ether 7F8% % ethyl
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acetate 71¢¥¥ zZtzt U279 <F 48%, 53%
azlxn 50% 3.

3.3.2 53 &g Fuslgy

S99 dgg F2E, EYEQ petroleum
ether 7I8%, diethyl ether 7}-8%, ethyl
acetate 7H&% 9 E&%2) DPPH radical %
A% e Table 49 Ueliith. iz o F2E
o} gArslgAd 7} okRs1A & petroleum ether 7%
£RoAe] aAa3teo] WA vebgt Table 5ef
A %31 Jdeg %ZE, diethyl ether 718-%¢
ethyl acetate 7}8-% ¥ 2859 ECste] 2
791 BHT(16ug/ml) B} 24zh 2. 3w, 1,89, 2.7
vl 2,708 F& e BT

3.3.3 2% F3g9 FHiongy

2489 e FEE 2 FHEQ petroleum
ether 712%, diethyl ether 7%, ethyl
acetate 7F&¥ % 2Zxt9) DPPH radical ®34
%<& Table 4o YeERRALE,

2R et 328 ¢ 7 ¥¥E2 DPPH
radicalel W& Fistss ECroZ B4E HE
3 A7e Table 594 EE ule o, AR
Fue] debg 3283 7 BYEM ity
& Hlms & o, A9 ¥sgd £AE ez 3l
Ak AAHo g £y Heuce Fsteo] @A
velsith, ti2F BHTY ECs@tEth &g 2
&, diethyl ether, ethyl acetate 7H&-% % &
829 ECgtel 2.3u, 1.681, 2.0u}, 2.3¥j=
A byt

o] e AAE Fisled B, Hih}Fe £
¥ %22E 9 BB Fasgyge 4. 9 %
2Z® Bl petroleum ether 7H&-F-olA 7H¢
3o @48 B, oE AL Urix] BYHE
e 279 BHTERYD © & gdsigd e &
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34t Kang $(1994)€ €% (Pine Needle)
g4 22E9 UFfa 43 P Tlidd Ae
AR F ethyl acetate 71&¥ ¥ F9
polyphenol A¥e°] #AZRGn Endged,
Kim $(1995)& AEAde gut¥oz o8 F
#9 flavonoid BgHEo] &A= AU, <&
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Holwg sty B EXE AR 2iddE
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A TE.
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g Age o3 2
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e FFFPol A et 53 deg 32
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& clear zoneg #AsINT A FEED
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EZFEAY flavonoidfF9¢ flavone® RfA7}
0.4628 veyt, $4E49 REEATS] FE
Hlm A3, g4 BAse 32 flavonoids
lignans¢ T #sd 39 Reg FH]
st

BAREe 9 F2E9 FAAdH vsT
ECsp#g Uehith Faistgyde Jed F2E7%
ethyl acetate &%) Az FFH AV
o] =7 BHTRY 28 A% gA veygd. +
e} BAXel F2EAM petroleum ether 7H¢
22 Aol ez EHEMe aastggde 7t
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