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oFsl, 3kdAd, labdane-type diterpene, (E)-84 (17)-epoxylabd-12-ene-15,16-dial, galanolactone, galanal A

9372 283 Bacillus cereus ATCC 273485 3=mE RHE
AE(KCCM)N Al kol ALEath. & A4S =E
nutient broth®} nutrient agar(Difco)® AMESI9 sy A
Ao Bioscreen C(Labsystem, Helsinki, Finland)$} UV-Visible
spectrophotometer(Varian, cary 100, Australia)g A3t}
FFEARY 8. 48l 22 (500g)S 75% oNEEE AL
oA 25 3t 23] & F- 9JFH(Whatman No. )& J4Z
rotary vacuum evaporator(EYELA, Japan)Z &53I5 ). olgh

& FFES FFEs) B2 g9 F EZ9)E o)gslo
of suje] ke Tialed J%*P—ré] S A (23] WHE) BAG

Hgeo

oz JeolAElolE B Reke-g ¢ sty Zhzhe
&= g 2YES IAv 4 —Ev—i—.‘%% rotary vacuum
evaporator®. FEAIZ 3 A aHE AP A7} ool
o|EZelM EAdo] yEhd, o] %QE(ZI e A ZER
ZHd] 83JA1Z] T silica gel(70~230 mesh ASTM)E EZIA|
7! column(7X 17 cm)®ll loading3} hexane/ethylacetate®] ]
&< 317507 Eo|HA column chromatographyE A3}
o Qo LYEEY) g FaHAE T Y
% t}A] hexane:acetone=12:1& £ Z & 2% column
chromatography(silica gel 70~230 mesh, column 2.5X20
cm)E AAEl] &4 £88 2 BYoR gt =t A
B3-S diethyl etherZ ANZAG3lA 31TE 1670 mg)S A
3, FHA 28-S YAl metylene chloride : diethyl ether =
50:1-% &ulZ column chromatography(silica gel 70~230
mesh, column 2X20 cm)E AAEl F EFO=® 1pFolon,
217+ diethyl ether2 AR 3 3l3= (216 mg)et 3+t
E (133 mg)E LUt

AM87171. €73 &7%3-& Tomas Hoover Capollary Apparatus
(Electrothermal 9200, Electrothermal Engineering Co., UK)&
ARl St er 2k HASA| Ut Mass 2HE
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Table 1. Physico-chemical data of the compounds I, II and III isolated from the rhizome of Zingiber mioga

c § Rf value* Colorilization® A  (CHCL M c Uva
ompounds earance o * np (° max
HE=2:1 McE0  PMA Anis PP fody (CHCL p(O (Eon)
I 0.53 0.56 Gray Dark blue  Colorless needles +28.1° (¢ 0.70) 318 89-91 240 nm
I 0.49 0.65 Gray Dark blue  Colorless needles +29.0° (¢ 0.50) 318 123-125 224 nm
il 0.30 0.23 Gray Dark blue  Colorless needles -45.0° (¢ 0.65) 318 168-170 230 nm

* H: n-hexane, E: ethyl acetate, Mc: CH,CL,, Et,0: diethyl ether °; PMA: 10% phosphomolybdic acid (in ethanol) spray, Anis: ethanol 93.0%, p-anisal-

dehyde 2.5%, acetic acid 1.0%, H,SO, 3.5% spray.

& JEOL IMS-700 spectrometer(Japan)E ©|-2-5}5.014, 9]
A ZHE-L Bruker IFS66 371 FLIR)E AME-slo] ATt
;zt7] FH(H, “C-NMR, DEPT, 'H-'H COSY, HMQC,
HMBC) ~H|EZHE Bruker-AWS500(500 MHz, Germany)s-47]
£ oj§ste] SAsAT. 33+ o] & Fh(chemical shift)&-
tetramethylsilane(TMS) S 71ZE-2=310] ppmo= eRNSITH
'H-NMR ZHERoA Yepd ©dd, o]FA, A2, tsa
< 47 s, d, t, mOE FAE

g9 AY. A5 ey HAL SRR Y disk-
agar plate diffusion method*? 2.2 clear zone2] 4748 =4
3= A3 Bioscreen CE optical density(O. D)E 5431
FAAAEHE AASATE ARAGAE L A5EAE F
=¥Z 045um membrane filter(Milipore, USA)ZE ] 3}5}
AlF3t2 EdE filter paper disk(Toyo, 8 um, Japan)ll 20wl
AL TN F, SulE &3] AT AIRE HahA|
ol Fol AN 4°C YN X7 RS &, 32°C
incubatoroll A}  12~24A17F Wi TR disk FHe) clear zone
9] A7REL 2431t Bioscreen CZ o83 T4 JA &4
B 7 & s AFEiRIA 1EelE FHel 10ml Y
Auhzjol) FE3H 32°C incubatorolA 244174 vlGAIZ]L £ o]
gFd 01miE oA 10ml HA A HF sk 32°C
incubatoroliA] 24A1ZF wjSFEle] A vl S TRl 2
g sRHE T 7FE €4do] AS s9E IS 50, 25, 10 ppm©]
HA Ne-EZ 843 F 045 um membrane filter2 A FSHL
AR 98 miol ZH FEEE 0.1 m F7IsIH o] Zt
of wiRle] A wjdd 01 miE HETS F 32°ColA 72417
BoF wiekslEA 12497 7HH o2 600 nmollA Bioscreen C&
o]&3le] 600 nmollA 0. D.& &3l FAAAEHE HA
slQit). olw) A|EE FoloH AR oehEE YHE tjxol
A7rst ofjghE ZpA 9] o] A% HES S
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zZb At S3HE I I 78] el tist B2 - sheheel
A& Table 13 2ot Al sljbe =5 749 AFA78019
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Table 2. Antibacterial activities of the compounds isolated from the
rhizome of Zingiber mioga Roscoe

Diameter of inhibitiory zone (mm)

Compounds (g/disc) B. subtilis B. cereuis S. aureus
100 17 16 14
50 15 14 12
| 25 13 12 10
12.5 12 10 9
6.25 10 -a -
100 12 12 -
50 11.5 11 -
i 25 10 10 -
12.5 9 9 -
6.25 - - -
100 14 13 13
50 12 11 11
11 25 11 10 10
12.5 10 9 9
6.25 - -

 diameter of clear zone <8.5 mm

BEE A SFFE] uigh gl A (disk-agar plate
diffusion method) FTEHAE A5 (Table 2) FE 12 B
subtilisolA A8 HAFEQ) 6.25 pg/diskol M= B/30] Vbt
o™ B cereus®t S. aureusOIX = 12.5 pgldisk ool B
o] et} 318 = B. subtilis$t B. cereusolA 12.5
ng/disk ool = o] YeRdAR S, awreusollAs &
Aol el gslet. 33HE M 12,5 pg/disk ©1de] 5%
oMM A7 Mg 550l BAdo] UElRrh FEEE clear zone
S Hws) B o Al 35 T sisE 1ol v e &
AL BYS & < Ui ol9}h o] 7Y EAdo] g

& AFHFig. 1) B. subtilis®t B. cereusdXe A3 HAEER
10 ppm AN 60AZ7EA] . S QA EAE BAA
60412k ©]Foll= 10 ppm} 25 ppmellx] FHe] EEE SUHE

o
AR 3] F2lo] JAEE g BIAR 10 ppm A
oM 4847 o) Fel T8 Z7P7F UEkiT
SEAQRS TREY, IRE I 1, HI9 7%= 'H-NMR,
BC.NMR, 'H-'H COSY, HMQC, HMBC Z2dHEd
DEPT90, 135 ©]&3fo] 243t om, 'HNMR % "C
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Fig. 1. Growth inhibition by compound I isolated from the rhizome of Zingiber mioga Roscoe on several food-borne microorganisms for 72

hrs at 32°C.

Table 3. 'H-NMR spectral data of compounds I, 11 and III (in CDCl,, 500 MHz, chemical shifts in ppm)

H 1 I il
1 1.38(m) 0.98(dt, J=3.6, 12.8 Hz) 1.40(m)
1.94(m) 1.64(m) 1.77(m)
2 1.44(m) 1.46(m) 0.90(m, 2H)
1.60(m) 1.60(m)
3 1.19(dt, J=4.0, 13.5 Hz) 1.19(dt, J=4.0, 13.4 Hz) 1.16(dt, J=4.1, 13.4 Hz)
1.46(m) 1.43(m) 1.48(m)
5 1.71(m) 1.60(m) 1.45(m)
6 1.63(m) 1.59(m) 1.42(m)
1.71(m) 1.70(m) 1.57(m)
7 0.98(dt, J=3.5, 13.0 Hz) 1.36(ddd, J=2.5, 3.9, 13.9 Hz) 1.77(m)
1.71(m) 1.92(m) 2.27(m)
9 1.04(dd, J=2.5, 12.0 Hz) 1.03(dd, J=2.8, 12.2 Hz) 1.61(d, /=104 Hz)
11 1.91(m) 1.76(m) 2.49(dd, J=8.3, 18.5 Hz)
2.20(dd, J=5.5, 18.0 Hz) 2.10¢m) 2.79¢m)
12 6.67(t, J=6.5 Hz) 6.64(m) 6.88(dd, J=1.6, 8.2 Hz)
14 3.35(d, J=17.0 Hz) 2.83(m, 2H) 2.65(m, 2H)
3.44(d, J=17.0 Hz)
15 9.64(s) 438(m, 2H) 4.06(dd, J=2.0, 9.3 Hz)
16 9.41(s) - 9.37(s)
17 230(d, J=3.5 Hz) 2.30(d, J=3.9 Hz) 10.10(s)
243(d, J=3.5 Hz) 2.44(d, J=3.9 Hz)
18(CH,) 0.92(s) 0.92(s) 0.80(s)
19(CH,) 0.88(s) 0.88(s) 0.77(s)
20(CH,) 0.94(s) 0.93(s) 0.88(s)

NMR dataS Table 33 Table 49 Z+2} Yehlgict. sighe 1
9] 'H-NMR spectumolX] 3092, 0.88 22|Z 0.949)4 z}z}
189, 199 232 2099 singletd! methyl proton®] FEEHRA
om, PC-NMR spectrumelX 25 2071€] carbon signalo] &

Z591th. DEPT90, 1352 o}83le] 1A carbon®] 370, 2%}
carbon®] 87, 32} carbon®| 570 ZzEl3 47 carbon®] 4717}
EATS & 4 AU, HMQCAA C-15(5196.8)9F H-15(s.
89.64)°] 1B C-16(8193.1)¢+ H-16(s. 89.41)°] Z}z+ A&
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Table 4. “*C-NMR spectral data of compounds I, II and IIT (in
CDCl,, 125 MHz, chemical shifts in ppm)

C-Atom I 1T 1

1 358 39.8 39.0
2 18.5 19.1- 18.8
3 419 424 42.1
4 334 34.0 33.6
5 527 52.8 54.0
6 200 20.5 19.0
7 394 36.2 28.8
8 575 58.0 559
9 55.0 554 56.1
10 39.8 40.1 389
11 2.3 233 24.0
12 1602 1433 156.6
13 135.2 125.3 1427
14 394 25.9 28.1
15 196.8 65.8 717
16 193.1 171.7 193.8
17 48.8 49.5 206.9
18 335 340 33.8
19 21.7 222 21.6
20 14.7 15.1 17.0

Compound III

Fig. 2. Chemical structures of the three isolated compounds.

AE Bol2g F79 aldehyde groupe] EATS & 4= AU
t}. 'H-'H COSYSIA proton?+e] “d2dAlE 18] HMBCO
] long range couplingg ZA . EE I+ J¢E &
viws] EARHeR T2 aldehyde group®l §loimeH, BC-
NMR spectrum®lA] 8171.7¢] 42} carbonyl group3} 'H-NMR
spectrum | A 2HE-2] 84.382] proton peak® <3l lactone
group®] USS & F ULk FAjE ML SHH o= 39t

7

E 19 'H-NMR spectrum®] A 27§2] doublet §2.30(J=3.5

Hz), §2.43(J=3.5 Hz)o] W}9A] &+ ASE Ho} epoxy group
o] glolFLE & + UMtk

= 19 HM AFEHA 1736 cm ' 1684 cm™ oA
=) carbonyl group 5 9F 1630 cm oA C=Co F
w7t #EEon, 88E HAlAE 1758 cm™ oA lactone
carbonyl group S5} 1676 cm A C=Co] F5H7F &
ZHt. 283 33HE M1 3491 em™'ollx O-H 517}
1712 cm™'5} 1676 e A F709) carbonyl group F4wie}
1639 cm ol C=C9] F5u)7F AT o] 43
gt FAxAEAOE vud o S5E IO, 0 242
(E)-8B(17)-epoxylabd-12-ene-15,16-dial, galanolactone 12| 3L
galanal AY°] ERIHATH(Fig. 2).

Ttokawa 5-°) Alponia galanga®) TR\ o1& A 3HE
< By rud up 9o, UBte] Zgols Ozawa 59°] 3t
Aol A (BE)-8B(17)-epoxylabd-12-ene-15,16-dial & galanal AE
B BE vl 91Oy, galanolactone®] #]o] tiEiM e BT

CE ot glod, olF Rl i dEel teixE B

TE w9 2a Al SRkE 2F kel 2A9ME
oz B em, (E)-8B(17)-epoxylabd-12-ene-15,16-dial

& WEgolRT FU2HE AT AT Ak %
A glek
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Isolation and Structure Identification of Antibacterial Substances from the Rhizome of Zingiber mioga Roscoe
Ki-Chang Jang*, Seong-Cheol Kim, Eun-Young Song, Kong-Ho Kim, Hyeog-Mo Kwon, Sang-Heon Kang, Ki-Hun
Park' and Yong-Hwan Jung (National Jeju Agricultural Experiment Station, R.D.A., Jeju 690-150, Korea; 'Division
of Applied Life Science, Gyeongsang National University, Chinju 660-701, Korea)

Abstract: In order to isolate antibacterial substances from the rhizome of Zingiber mioga Roscoe, the ethanol
extracts was fractionated according to the activity against Bacillus subtilis, B. cereus and Staphylococcus aureus.
Three antibacterial substances were isolated and purified by column chromatography and recrystallization.
Compounds I and III showed activity against all the :tested, bacterias and .compound IT exhlblted the act1v1ty agamst
B. subtilis and B. cereus except S. aureus. Compound 1 was- exammed antimicrobial act1v1ty agmst B. subtilis, B.
cereus and S. aureus by optical density using Bioscreen C. Compound I showed strong growth inhibition at 10 ppm
on B. subtilis and B. cereus for 72 hrs, and at 25 ppm on S. aureus. On the basis of spectrometric studies including
'H-NMR, "*C-NMR, DEPT, 1H-1H COSY, HMQC, HMBC and IR, compounds I, I and III were identified as (E)-
8B(17)-epoxylabd-12-ene-15,16-dial (C,H,,0;, MW=318), galanolactone (CyH,0;, MW=318) and galanal A
(C,H;,0,, MW=318), respectively. These results are the first reports on the isolation of (E)-88(17)-epoxylabd-12-ene-
15,16-dial, galanolactone and galanal A from the rhizome of Zingiber mioga.

Key words: Zingiber mioga Roscoe, antibacterial activity, labdane-type diterpene, (E)-8B(l7)—ep0xylabd—12—ene-
15,16-dial, galanolactone, galanal A. '
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