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Abstract

In this study, the authors investigated essential oils that were extracted from timber from thinning for
antibacterial activity, bacterial elimination, and antioxidant activity aiming for effective use of the oils. The
oils were found to be antibacterial against gram positive (Staphylococcus aureus) and gram negative
(Escherichia coli and Pseudomonas aeruginosa) bacteria. The antibacterial activities of the oils were
re-examined by classifying the oils in Groups A to D ; and the chemical components of Group A, which showed
antibacterial activity to all three bacteria, were analyzed. The main component was identified to be (+)- «
-pinene (GC: 96.73%), which was shown to be involved in the expression of antibacterial activity. Bacterial
elimination by the oils was tested by the hand washing method. The viable cell count was 88 in Group A
compared to 668 in the control, showing strong bacterial elimination by the oils.

The authors then tested the availability of (-)- Zpicubenol, which is a terpenoid contained in the oils, as a
cosmetic ingredient. In a whitening effect test, which measured the inhibition of Z-DOPA oxidation,
(-)- Epicubenol showed an inhibition rate of 7.7%, which is higher than that of Arbutin (4.0%). The authors
also disclosed that (-)- Zpzcubenol inhibits the enzymatic activity of tyrosinase between ZZDOPA and DOPA
quinine. The results suggest that essential oils from thinned wood contain useful components and are likely
useful in many fields.
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IKIFRASRAE, PEBREHE, (M- L7 Y m—Tg
HERE, SUURETS SOWVEAERERRE D D, D DR
REA ORI TR T D | LU BB W Tl D, ik
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2-1. FEEHIE

TR LIRS G 19 R EL R AE B IR 20
~304F) LTI LORIBRIEED b/ A ST R AT,
LT AN U tk, ARG L0 DT RSA T,
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JAvz,
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HE L 7= LAWIOREEES T P-1020 BUhEta KB ARk
KD 2 AVCIIE LTz, S1 R /3m L,
GC-MS [Hewlett Packerd HP 6890 GC, Hewlett
Packerd HP 5972 MSD, Column;TC-WAX(60mx
0.25mm), Column Temp. : 70°C(5min hold) ~ 240°C(3°C
/min), Injection Temp. : 240°Cl (M U7=, 431 L7y
DRI DWTIE, FEEAER LA 7 A[TC1
(30mx0.25mm) & 77 7 AiAE[50°C(5min hold) ~ 240°C
(3°C/min)], Injection Temp. : 240°CHICZEF L, LAYID
%1% NIST (National Institute of Standards and
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AAE ARSI LY, 7 8T AT T ATMS) %
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2-3. APREMEATR

a) PR 10

A L7227 DBHEENE Bacillus subtilis (ATCC 6633)
BILO Staphylococcus aureus (ATCC 6538 TV, 7'
LFBEVEE 1T Escherichia coli (ATCC 8739) 35 L O
Pseudomonas aeruginosa (ATCC 9027 Téh 5, i L7-
Fe 3, Bacillus subtilis 33 5.0 Pseudomonas aeruginosa
VAR I A /KBSt ) &, Hscherichia coli
137 % v 3 L— RFERE A KRR S D £,
Staphylococcus aureus |3~ = MR H KREERE
K& 2=, B BoTEE L, prERofEEs
HIHEmmIZEATL, 35°C T 24 Bitlst%, ABTLIEN
DT 4 A7 DNERZER U T2 H D) ZIE LT,
b)  BRERGARR 10

B L7 BT, new-$— AF = o 27 (PL) il
(SCDLP)ZEREE (A AR AR D $ D
Z N SRBOTIR S, BRI 0.1%|ZFE LT-1%,
SETEMAICEH 5 Tween 40 % 0.5% RN L, JEF/KE
AT 100mL (ZFEE LT, 5lBRikE 2 7" L —A2MI AL
T, P 10 [F10.88c X FHF 30 FHIhE, AiEKGE
KT BRI, KGR ATE LT, £, Fss
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HIZTAEFH LD, 37T°CT 24 Wil UAERSROREE
1Totz HRSHIERBR L LTI, ASEKDZCTRNEAT
STLIG, RO EAATY, AREE LT,
o EMHESRHIHEIR(SOD)RAER 12

#EH0.714mM %A% L 7= DMSO 744 0. 1mL 2%
T 040mM &= hrT7—7 87V U A 0.24mM &
0.1IM U iidiiipH8.0)144. TmL [ Z3f Uil L 7-%&
FEEE 1.0mL 200%, E5120.049mM OF 4T A%
IH—E ) AEEK 0.2mL A 0%, 3TCOMERAEHC
20min BiE L7z, 0%, SOSFIEKE LT 69mM Ofit
g K7LV N Y 7 A 2.0mL %, A—/S—AF K
7oA b= a7 —7 b U U AORIRI L o TE
D UA N~ % 560nm VZERTE LT
WTRIE LT, —F, 2 br—id LGREDRDYIZ

DMSO ik 0.1mL DFrA D LISN IRREOE EEFT,

PRI RO ERAF R Lz, %
LT B [BIDTERES & EA VA I LT,
TEMHRSRIHER (%) =
(7> b=V OREE) — (RO
(= M — LR

x 100

d) NEEEA LTRSS (AAPH iiie & LK)
1.3% YV /—/MgT 2 ) —/VEik 2.5mL, 0.2M U ik
EiEpH 7.002.5mL, 7&K 1.0mL, KakloTy ) —1
Bk (02mM) % 0.5mL, 92.8mM AAPH(2,2-azobis-
(2-amidinopropane)dihydrochloridel /K% 0.25mL %7&
A LIEbOEMISRE L, 50 COERKME-CEHRT L
7zo OEZ, ZORIGHK 0.1mL 12 5% 4 / —/VRiK
4.1mL, 30%T AL T LET =T SRR 0. 1mL R &
U 3.5%HEREII 0.02M D5 —Hf LBk VsfiR U T-IRG T
0.1mL ¥¥INL, 3 /3f8R%IZ 500nm (ZE%E LT/ s
FHV530 8, HA A SHED TIIE L7, Litk, I
I A, 2 REEEIGC 8 Rl ClRIERODE EA1 To
7o 72k, MEIX 3TV, BB A TR,
e T —BIRMRHERER 19
1) FrI U EHEEL LI5S
B 0.08mM % A F /LA LR F L RIOMSO)EIE

1.0mL TV iR U 72 IR G R % Meilvaine 5 7 1K
[ZTyrosine 1.66mM, 2 T A(—7KF#)4.7806g 35 L O
U L WG T U U A(J#EK)21.9382g 27K 1,000mL
(2 L pH6.8 IZFHE L 7= 500 0.9mL TNz, 75 37C
(CRRE LT IE AR C 5 i TARINR A4 T 572, D\,
<V a/l— AL Lz s —F 1.6Tmg &
ZREA/K 3.80mLI I L 7-7KIE#(1,500unit/mL) 0.1mL %
INZC, 3TCOMERAIERT 1 /HHE LIk s 11 5
MR LTz 478nm (ZRGE LT/ R e T
WSEEAEL, 1 STHEGE LA % ¢, 11 47
MIRE L7 AR % b & Lz, —F, 2v he—b
& U GREIDN Y [ 27887 0.08mM % V5 L84, [l
R I D RREOFRAT, 3TCOMERAMIC 1457
& 1 HEORIRCOUVNT, ZEHREEZIEL, 147
BOWSEER a, 11 0BOBEZ d &L, INIRT;
ECTF v —BIEMHRE R A G R LTz, PEERIE 3 (el
BIFERR S ENENEEA R L, Rldfg->TFr
BRI,
d-a-b-o
F s RRRHIER )= ——————— x 100
d-a

2) LDPOA Z#HHE & Li-E

LDOPA1.66mM Z{4i L7 /K& 1.0mL (Y Ak
FTFT MU UL 04247g LV UBETKFEFT R U A
0.3600g ZIRML, 512, U fk#FE F FY oL
(2.135g/L) & V Lk kST I U v A(1.800g/L) > & iR
L7z 30mM DV LT RV U LiEE R (pH6.8) 1.8mL %
Nz, ZORAVERIZEEF0.08mM A 7AfiE L7- DMSO
#%0.1mL 27N LT-1%, f#ELT-, £k, EbiZvy vy
2= LNHTIL L= F 1o —F 1.6Tmg ZAEHK
3.80mL (Z¥AfR L 72T 1 o) —E kiAik(1,500unit/mL)
0.1mL ZhNz, 15 FHE#E L7-1%2, 25°CTH5E L 475nm
VZRE LT R A VT, 3 fklcislT A& D
HIEZATV, 1574650 775 2 47 45 FHHOME A2Rediz,
—J, avhkr—rl LTREDA I DMSO iR
0.1mL Z AV B LMD Fa4T 572, Frih—E
TEMBAEROFFY, LUTFORRIE- TR LT, X
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1% 3 RIDRIERE R NN EE R AT T,
FrsF—CIEHER ) =
(zv b r—LOfEX) — (BRiAEOHEE)
(mr Pr—LOfHE)
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3. MR RUBE
31 [MBEPEHO RSy & Z OB

AT LTI ORGIRH ZoV T, GC-MS #7247
oz, FORRE Figl |9, $£72, MS 7477V —
T2 NISD2 5, FEHFOF/f sy LT 57 iy
ZhfeR L7=(Table 1),

O, IR OREI IS D5 G D P 7
T NGMER(B subtilis, S aureud)ds LUV 7 Lt E(E
coli P aeruginosa) % AT, ~—3—F 1 A7IEEY
EEOFEEEL R UT-, ZORE, B subtilis T3 10pL,
S aureus ClE bply, £ coli TIF60pL, P aeruginosa C
13 40uL DB CHUATEIEZFEHIT 0 Z L AR T& T2
(Table 2), ZDOZ LNBLIEMOIEING, 7 F LRI
HeTTT DO T DR A T LIS N 2 &8
Gyinotz, TORME LT, 77 AR ORiROs4
MITIBNE & 7280, HHET o DRAMOZEHAEN R 5
AUHIIIEE S CREIANZE CEZRNT LD, HUETEIEDYS

BUZKE 7RFREDBINZ b D EEE LT, 22T, [k
MRS ETOEETD, LY @&
TG FEET DILEMOREER Fig.2 | TR LIy

L7~ b5 7 4—Silica gel 60 MERCK)) % v T
1To7 T7abbh, FEl10g) 2~ AliHiEN2.8g) L FE
P T UAHAN5.6 ) o3 L 7o, A~ AR O,
ARG 2470 Group A (~75°C/ 40mmHg, 0.91g) &

Group B (75C/40mmHg~, 172258 L7=, 7=, [
BRI R T AR W C BT 2170, Group
C (~65°C/ 0.5mmHg, 1.81g) & Group D (65°C/ 0.5mmHg~,
3.0291 2 (Fig. 2) L=, Zie5788 L= Group A~D @
WM UT, B subtilis, S aureus, E coli XU P
aeruginosas \ X1 HPTEIGIEOIRGS & et LIRS %
Table 312759, & Group A~D DU, HiFE
PERFIA 5 Z L DR T, S awreus | TR PRI
13 Group A B LB TR VEMD B 5 Z L 2GR CTE T,

E. coli \ TR DHTEEME, Group A \ZHR R H 55
RAAGDH T LINTE T, —F, P aeruginosa \ T HHE
TEPHE, Group A OHNHIEIEMEZFELT 5 Z L AT
X7, ZHHOFERMND, Group AN B S aureus, Ecoli
BIO P aeruginosa © 4 SOFEITH LT, WIubmo
PIEIEMAFEET 5 2 L 2R LT—, £2C, GroupAlZ

@ Column : TC-WAX (60m x 0.25mm)

Column Temp. : 70°C [5min hold] ~ 240°C [3'C / min]
Injection Temp : 240°C
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Fig. 1 Gas Chromatogram of Essential Oil of Thinned Wood.
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Table 1 Element Composition in Essential Oil of Thinned Wood.

Pl\elgk RT? Compounds gﬁiﬁ 1;331{ RT» Compounds Ilz?rzl;
(%) (%)
1 6.40 Tricyclene 0.125 30 28.15 B -Copaene 0.141
2 6.69 «-Pinene 15.942 31 28.57 Pinocarveol 0.031
3 7.28 «-Fenchene 0.056 32 29.34 «-Humulene 1.095
4 7.46 Camphene 0.232 33 30.10 a-Amorphene 4.990
5 8.38 B -Pinene 0.528 34 30.25 « -Terpineol/Terpinyl acetate 4.368
6 8.67 Sabinene 0.121 35 3111 Germacrene D 1.498
7 9.43 0 -3-Carene 0.078 36 31.27 B -Selinene 1.521
8 9.72 B -Myrcene 1.157 37 31.51 a-Muurolene 8.290
9 9.90 « -Phellandrene 0.014 38 31.79 Bicyclogermacrene 0.198
10 10.33 a -Terpinene 0.055 39 32.89 0 -Cadinene 21.863
11 10.96 Limonene 1.726 40 32.97 v -Cadinene 3.853
12 11.29 B -Phellandrene 0.063 41 33.94 o -Cadinene 1.515
13 12.49 v -Terpinene 0.082 42 35.35 Calamenene 2.177
14 1341 pCymene 0.341 43 35.67 pCymene-8-ol 0.100
15 13.85 Terpinolene 0.397 44 37.24 cis-Muurol-5-en-4- 3 -ol 0.348
16 17.52 a -Pinene oxide 0.021 45 37.70 «-Dehydro-ar-himachalene 0.031
17 1842 Fenchone 0.026 46 38.22 a-Calacorene 0.582
18 20.04 Dehydro-pcymene 0.134 47 39.00 ciss-Muurol-5-en-4- « ol 0.342
19 20.94 a-Cubebene 0.324 48 39.66 B -Calacorene 0.235
20 21.26 Fenchyl acetate 0.014 49 42.19 Nerolidol 0.626
21 22.39 a-Copaene 0.922 50 4291 1,10-Di-eprcubenol 1.821
22 23.52 Camphor 0.137 51 43.16 Fprubenol 1.820
23 24.19 B -Cubebene 0.170 52 46.42 T-Cadinol 3.327
24 24.67 Linalyl acetate 0.063 53 46.93 T-Muurolol 4.183
25 25.43 Longifolene 0.048 54 4797 a-Eudesmol 0.065
26 25.74 Bornyl acetate 1.144 55 48.05 Cadalin 0.044
27 26.29 B -Elemene 3.332 56 48.30 a-Cadinol 5.285
28 26.59 Terpinen-4-ol 2.086 57 48.89 Intermedeol 0.295
29 2773 Myrtenal 0.017 — — Total 100.0
a) Retention Time (min).
Table 2 Antibacterial Activity of Essential Oil of Thinned Wood.
Gram-Positive Organisms Gram-Negative Organisms
B subtilis S aureus E. coli P, aeruginosa
Conc. Inhibitory Conc. Inhibitory Conc. Inhibitory Conc. Inhibitory

(uL) Zone (mm) (uL) Zone (mm) (uL) Zone (mm) (uL) Zone (mm)

10 3 5 4 20 - 20 -

20 5 8 8 40 40 1

40 7 10 16 60 1 60 aureus

DT GCMS T EAT o T2fER, R La-ER
(GC:96.73%) TV, ZDAth, B-I/E2AGC: 1.69%),

d-VERAGC : 1L.B8%) 1 EH L TNDZ L& BN L
7o arERATOWTIIHEES, e ELzE 2
2, [a] =+85.14c1.00, CHCl)Z7R L7=Z L5, Fig.3
WORUIZ@HRDGECH D Z L 2R LTIz, £2C, (-
KRB LOOED a-E3ADD B subtilis, S E coli

BEQ P aeruginosa | k3 PTG OFE A
L7zfiA Table 4 (T~ d, W-(KTCIE, B subtilis, S
aureus 3BEON E coli \ Tkt UCHIEIEIEN 8T 2 2 & %
W2 ZENTED, OKCE B subtilis\Zk LT
DI, NI EPFEL L2720 ThoTo, ZoZ e
B, B-IKREQ-RONFTEMEOED TR ORI
RESHEGLTODZ EBRHABLNE IR0,
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Essential Oil of Thinned Wood
Column chromatography
Silica gel 60 (MERCK)
Hexane Extract Ethyl Acetate Extract
<+— Distillation under reduced pressure >
~75°C/40mmHg 75°C / 40mmHg~ ~65°C/0.5mmHg 65°C/0.5mmHg~
Group A Group B Group C Group D

Fig. 2 Partition Scheme for Essential Oil of Thinned Wood.

Table 3 Antibacterial Activity of Group (A)~(D) for
Bsubtilis,S.aureus, E.coli and Paeruginosa.

Gram-Positive Gram-Negative
Conc. Organisms Organisms
Group L)
Bsubtilis  Saureus FEcoli  Paeruginosa

5 3 10 6 2

10 5 15 10 3

@ 20 9 20 12 4
40 12 24 16 6

5 5 20 2 0

10 6 20 3 0

® 20 7 20 4 0
40 9 20 5 0

5 5 2 0 0

10 8 2 0 0

© 20 10 3 0 0
40 15 5 0 0

5 5 5 0 0

10 8 6 0 0

©) 20 10 8 0 0
40 14 11 0 0

) Inhibitory zone (mm).

O, BRERICOWTER LT, HERZRTRANT
VERE( Zranstent Hora) DVREZRAFANTFI O, #
1Ei#(Resident Aora DrF% BRI E 32, % ZTAEN,
ayv hr—bl UGEEOAGER TR A To71%, %
REHU b ST 37024 BHFR LT= & 25,
2Rk L QS EAEE(Long bacteia) & 45457 #(Short bact-
eria) DIREWY) L L COARRL 668 AR LT, LavL,
BT OREIA S LT3A1as, ARk 176 (8E720),
ZOAEFEITR 14 3 2eb L, BB oORSII iRy R
RN D Z LA MER LTz, £ 2T, 431 L7- Group A~D
(T C OB AR LT AR Figd X005 TR

9%, Group A~D (233 \C, AEEDN T35 fEm
DERDHI, BREIRN S D Z L a2 A ZENTET
», TOFThH, <12 Group A OEESNE 88 F L ich
Wel, mVBREIRD D T L AT D T ENTE T,
Group A DFEFNIDTH S Z £, ZTOTHENBRELD
FUTBIE LB b0 EB R, DORREME R LT
ZOFER, (DEATORREE, GroupA DOAESS
1) & He &9 2 58176 R D EEE R S h, (Do
HHIRENRDFEBU RS- L DD TEARL, Group A
RS & LTER LTS B- 3B A(GCL69%)E
O d- U ERAGCLE8WN) 72 ED CigE ) T/~ BYE,
AR BRI A > QB 2 e b, Zbbh
W MEBRA B BB RO EIZBEE- L D b &
LT,
32, HUEAMHEHTONT

MHSAPRRHOOH TR LREIS MR TN & L YRR AR
AT S TR, THIROFIRAITH DT A a v
(SOD=7.2%) L ik LT= & = A, | HFFFLED SOD &k
(T.6%)0 BT 5 Z L AR LT=, ©2C, HiB{lREEE:
FHEO TR ERIET D HRITC, S REINZ 8 L
Group A~D B3 OIEMHBFAERER AT o T2, FORER,
L <IZ Group D [FHHEIETHLT AL ELRED
BV PHEROQ.200 %A LT D 2 EAHER T E 7-(Fig6),
ZZ7C, Group D(1.250885% > ) ANV FH LT= 71 5
Lrwv~ 8777 4 —(EBHECHCE T Fr-1~4(Fr-1 =
119.2mg, Fr-2=372.8mg, Fr-3=6825mg, Fr-4=
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(+)- @ -Pinene (-)- « -Pinene (-)- Epicubenol (-)-T-Murrolol
(1 (2) (3) (4)
I;I o OH I;I
I/,,"
OH
(-)-T-Cadinol (-)- a -Cadinol (-)- § -Cadinol
(5) (6) (7)
Fig. 3 Chemical Structure of Major Components.
Table 4 Antibacterial Activity of (H)- and (-)- «-Pinenes.
Gram-Positive Organisms Gram-Negative Organisms
Bacillus subtilis Staphylococcus aureus Fischerichia coli Pseudoz-nonas
aeruginosa
Conc. Inhibitory Conc. Inhibitory Conc. Inhibitory Conc. Inhibitory
(D) Zone (mm) (D) Zone (mm) (D) Zone (mm) (D) Zone (mm)
5 12 5 12 5 16 5 -
#)- o -Pinene 10 18 10 20 10 21 10
20 26 20 28 20 30 20
5 - 5 - 5 - 5
(-)- a -Pjnene 10 3 10 - 10 - 10
20 6 20 - 20 - 20

61.7mg) CHE L7, FAVENWDS RS D1
FIAERBRAAT -T2, ZORER, Fr-2 OM5HEH
11.6%%, Fr-3 1% 85%DMHEEARL, WInbT A=
NEUEE Y bEVHERAR TS I EAWER TE T, £
ZTC, Eebmv BEFEA R LIS Fro2 OFSAHE, v
717 7UMERCK 60 & FEH LT= T bV v~ k757 41—
(Hexane:Ethyl acetate = 9:1) CHy1Hi[Spot 1(Z& = 0.70,

Viable bacteria count (cfu)

668

600 o

400 A
193 Vi

200 A 141 141 e

= n n B °© " |
0 ; - ; ; ; Group C Group D

Control Group A Group B Group C Group D

. . .. Fig. 5 Bacterial Colony Growth of Group
Fig. 4 Antimicrobial Activity of Group A~D. A~D after Washing Hand.
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31.5mg), 2R =0.62, 44.4mg), 3(Rr=0.56, 37.8mg),
4(Rr = 0.52, 53.5mg), 5(&r =0.45, 41.6mg), 6(&r =0.44,
57.2mg) L7=, 431 L7= Spot 1~6 122\ T, TEMESRINE
AERAAT o7z, TORER, & <IZ Spot 413 12.5%DFHEE
B LT Ch D 7 AL E U L Y b B HEEC
HD L EMRTHI LN TET, G, Spotd DIy
ENDFGIO TH-NMRIG0.80(3H, d,  =7.0Hz,
-CHsazar13), 0.87(3H, d, /=7.0Hz, -CHsa20r19), 0.96(3H,
d, J=6.6Hz, -CHza), 1.703H, s, -CHsas), 5.45(1H, m, =
CH)l, BLUMS [m/z (%) ;222[M]*, 204@27), 1891),
179(14), 161(62), 119(100), 105(9), 95(30), 82(40),
69(29), 55(64), 418IZMEL, MS 7477V —7—
£ (NIST) LUSTHKE 1410 & bl L7 & 2 5, BER LAY
ThHO-E 7~ — UM ] = -1105 (c 0.639,
CHCI} Th 5 Z &L 2B Lz, ©FIZ, @OHisiEE
(Table HIZONT, 7T AGME(B subtilis, S aureus)
BIO'T LEMWRHE coli P aeruginosa) % ATl T-
72L A, E coliBX NP aeruginosa |\ ZxF U ClIhisEiE
MBI U0 o7208, B subtilis} X ONS, aureus |25t
TP BT 2 2 LR O =, —J7, &Mk
ARSI DNV TRRRT L7z & 25, Spot 413 12.9% @
PSR L2 Evh, EOFERGY T H@)DIE R
PRAEZHRFEN RO 0 1TV, SRR A NS
% HIYT 020mg/mL, 0.10mg/mL 35X 08 0.05mg/mL |2
A ISR ER R A To72 & 25, B T D
T 3K B FE (0.20mg/ml=16.3%
—0.10mg/mI=8.7%—0.05mg/ml =4.29)Z 72 52N T,
ZOFEEMME T L OO AT B 5 (Fig DO L
T, L& WO TIE KR E 0.20mgml=14.5%—
0.1mg/mI~=12.9%—0.05mg/mI.=12.4%). 33\ YT H i

7 A a) v g T

HRIFZEHR T No.48

TEMEDSERFE SV CNVD T & 2t LT, E7z, TEMERA
EHLSNOFTR LRGN & LT, NRER mhihae a1
TpoT-ERAE Fg 8 1ot 2 hr—LGUEHERID T,
RFRIDRGELC & B 72U DS ERF 2Dzl 7 A=
NVELAETI, POUED ERAMHIL TD Z LAHERT
7=, 5, ALAWE)TIE, T AV UERCITN VIR
(LB A FET 5 2 & &t Uiz, —J7, {bphisEn
#l& L COMRE T D R A MR 5720
Jb— LHEOEEFET 1 3 —8 % W T IE LR
(FigQZAToT-/ER, LFrs o m g e LIa10E
LA TIE 6.7%DEAERL, HlE L LT
NVTF o DOEFRQ1T.6%) L0 BV METH -T2, LavL,
L R—=r% 8 & U551, (EG0ONE 7.7%DfE%
RL, TATFAL0% L0 bEVERAAEL T DT
EWDoT, AL AT u L —BIEMIE T,
LT BEOL R— OB [RIEEOTEMHH
FEAFHL T2 Z 0D, BERT n i —EDiEEE L5
nil I R—WEBLD L R—~E R—=% ) R0
COORRETRIRHIBAETS 2 EVahoT, 2T En
5, BEEAEICES L QnpTFr—ED R— Uy
S —RIEHZERAPEE L T Db D LB LT,
\Z, ALEWASLISNOA F sy D e & 2 AP
(W TR LT, 37, 4310 L7= Group D 755(0.679g)
ZHNT, U7 UMERCK 60)& 7t L=k 7 L7 1
~ +7'F 7 ¢ —(EBHis Hexane : Ethyl acetate = 8 : 212k
CHYH(F.3-1:0.20g 35 LN Fr.3-2:0.249)

(s AVZA=2

D, OO
L7 IEE% TLC(Kieselgel 60  F254, 20x20ecm)iZ ¥,
ZNHDMRD RAtzRKbI-L 25, Fr3-1 T3 0.63,
Fr3-2 T 0.52 FHIIC ARy NaffEsd 5 Z &N TET,
i L7 2B ARy MO DTG ARIR

Table 5 Antibacterial Activity of (-)- Zpxubenol.

Gram-Positive Organisms

Gram-Negative Organisms

i . Staphylococcus o i Pseudomonas
Bacillus subtilis Fischerichia coli .
aureus aeruginosa

Conc. Inhibitory Conc. Inhibitory Conc. Inhibitory Conc. Inhibitory

(uL) Zone (mm) (L) Zone (mm) (L) Zone (mm) (L) Zone (mm)
5 + 5 + 5 - 5
10 + 10 + 10 - 10
20 + 20 + 20 - 20




A DLy & € D EFNE IO W T

(SOD)FBRZAT > 7=AER, Fr3-1 TiE 12.6%, Fr32 Tk
9.9% DA AR L, HEEOT AL LRI bR
VBHHETH D Z A ER LT, 2T, IR LIy
{5y Fr.3-1 % TLC TR LTALFREN AN TGC-MS
ERE LT, ZORE, Frd 1132 lnNEEL TS
L AMERT D Z LS TE, IH-NMR D, O T-Ln
n—L @{al} = -75.1%c 0138, CHCL), 'HNMR
(6:0.82, 0.86(6H, d, / =7.2Hz, -CHsaz o 19), 1.15(3H, s,
-CHsa), 1.64(3H, brs, -CHsa4), 5.51(1H, d, /=5.0Hz, =
CH>)l, 13C-NMRI[5;15.4(Ca), 19.3(Ce), 21.6(Cas), 20.9
(Co), 21.6(Ca2), 236(Cas), 26.6(Ca2), 29.2(Ca),
31.2(Cw), 34.5(Ce), 34.7(Co), 46.1(Cw), 72.3(Cao),
124.6(C), 133.4 (Cal3 L OMS[m /2 (%) :2220M*, 12),
204(59), 189(8), 164(40), 161(72), 139(10), 121(69),
109(31), 105(29), 95(100), 94 (31), 71(29), 58(16), 43(66)]
LT A 7 — v (5) THNMR[G0.78, 0.89(6H, d,
=7.2Hz, -CHsa2 or19), 1.17(3H, s, -CHss), 1.62(3H, brs,
-CHsw), 5.48(1H, d, J = 5.0Hz, = CH-)), *C-NMRI[S5;
15.2(Caa), 192(Co), 210.9 (Co), 21.6(Ca2), 23.4(Cav),
26.8(Can), 29.4(Cas), 30.9(Cw), 34.8(Ce), 35.0(Co),
44.1(Ca), 46.3(Ca), 72.1(Cao), 124.8(Ce), 133.8(Ca)lF &
U'MS[m /2 (%) ;2220M*, 9), 204(52), 162 (12), 161(100),
134(9), 121(11), 119(12), 105(12), 95(10), 81 (11), 69(12),
58(2), 43@D]TdD Z & A SR 1719 & DL &V R
Lz, F£77, Sy Fra-2 [CE T EEme
WCBEEERONTAAT o728 24, iy Fr3-1 LFREE
2 WG ENTND Z L BT 5 2 LN TR, Tk
4y & UCHEEL 7-/tA%(6) TH-NMRI[50.77(3H, d, J =
6.8Hz, -CHsaz o 19), 0.92(3H, d, / =6.8Hz, -CHsaz o 19),
1.10(3H, s, -CHsa0), 1.70(3H, brs, -CHsw), 5.50(1H, brs,
=CH-e)], BC-NMR[5:15.1(Cas), 20.7(Ce), 21.5(Co),
21.9(Ca2), 22.6(Ca), 23.8(Cus), 25.9Ca), 30.9(Ce),
39.8(Cw), 42.1(Cw), 46.6(Cw), 72.4(Cuo), 122.2(Co),
134.7(Ca))FB L OMSLm /2 (%) 52040, 19), 189(4), 179
(2), 161(26), 149(4), 137(10), 12147), 105(26), 95(69),
81(30), 55(29), 43(100)] ZHIE L, STHikfE 2029 & b L 7= &
24, BEEEAYI Ch D00 ) — VOIS LT D

Inhibition Rate (%) 9.2
8.0 + 79
6.0 4 59
4.0 4
2.2
2.0 4 11
Group A Group B Group C Group D Ascorbic acid

Fig.6 SOD-like Activity of A~D Groups.
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0.05mg/mL
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0.0

() Epicubenol Ascorbic acid

Fig. 7 SOD-like Activity of (-)- Eptubenol.
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0.40 +

0.35 +
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—&— Asoorbic acid

0.20 = T T T |
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Fig. 8 Ferric Thiocyanate Assay
of ()- Epreubenol.
Inhibition Rate (%) 17.6

16.0
12.0

8.0 67 7.1 n  L'Tyrosine

4.0 » LDOPA
4.0
0.0
(-)- Eprcubenol Arbutin

Fig. 9. Tyrosinase Inhibition Activity
Assay of (-)- Eprcubenol.
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ZEDMER LTS, ks, HEELTALSMIOHES LA
LTl 25, [0 2 =-48.7%(c0.118, CHCl) &R Li=Z &
MOO-RTHDZ L bHER LT, —77, {EAYON Bk
7 & UTEEITOA LA T b A AT )W
ERTEEATR D TT OREZ BT % Z I3 TE Aotz
L, (bAPX6)%ETs Fr3-2 iy TH-NMR ZIE L
THRERIND, 8- B ) — U TdDH Z L EHEE 1B LT,

4], 43 L7z Frd-1 (@) & G)DIREGY) & Fr.3-2(6) L(7)

DIRAYNE, HEHE THHT AL ELHRE Y bl Wi

FEVREDSFSET D 2 L AR T D Z & T&E T,

4. i =

ARSI ATF CE TR AR A AL L

TR A S L, TRLORREFIS NI T H 2 L

ITET,

D RO ORMIST DHETEE T, 77 25N
(Bsubtilis, Saureuds SO NEMF(E coli, P
aeruginosa) AV T T2 8 24, WINOEITH
L ChYIBEIEIEA BT 5 2 L WA C& o, TOIE
PERBUCR BRES L QOB & LTEE /T
NAURAKSETH DB subtilis, S aureus$3 L
W E coli) THY, O-RTIHTE A ETREZHBL L
Inolz, ZOZEND, O-ELO-ROREREDE, )
TEMFEBUIRE B> TWA Z ENHB & o7z,

92) Wit L= AXT /L~ T L — I UB)D T LS
(B subtilis, S aureud SO 7 LEMF(E col,
P, aeruginosa\ kI HHIEIEVEY, B subtilis 33 KO0
S aureus \ TR LTC, SRVPUSEEEET A Z L&
s L,

3) BREDRITOUN TS, TRk WAk & 0 bR 2
AT, AR T6 72, K9 14 T
T ZEDBALINpoTo, TOT L, [MEEHE
TCIBRERD DD = & At L,

4) HURUIEHE C oW TR IR SRR C L W Ed L7z
R, HIBIE L LTI HGLOT A L e AR
(8.7%) &1 b, (LEWAI) D773 PHEAE(12.9%) Z-Fie
WA D ENTE, Fz, (LAY L@ bET
FRLREDN B D = L BN 2o T2,
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5) (LAMNIDE IR AMRI LI 25, [ F—E
TTNTF A40%) & 0 b TEMEPLE(T.7%) 25881
THI L ERERLT

PAEDZ Lin, M HEROR I 5ONZZ O

(CEENDLEWNT, PEM:, Fubae, FREme

HihAs JUOSE R A HE DE A SR D 2 &
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