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SUMMARY

(FEQFF)

Intensive use of synthetic chemicals for control of pathogenic fungi
has become one of environmental concerns due to their potentials for
environmental contamination. Thus, alternative method in controlling
pathogenic fungi using natural products has triggered scientific actions
to find bioactive compounds from plant materials. This study described
the isolation and characterization of new bioactive compounds from
Yucca smalliana for control of pathogenicfungi. Leaves and roots of Y.
smalliana  were  extracted wusing 80% MeOH  followed by
chromatographic column clean up for the isolation of bioactive
compounds and used for antifungal activity. Antifungal activity assays
were carried out by measuring fungal growth inhibition by the
extracts from Y. smalliana. Mass spectrometric, FT-IR and NMR
analyses were performed for the characterization of chemical structure
of the isolated antifungal compounds. Antifungal activity assays using
the extracts obtained seasonally from Y. smalliana were performed to
investigate an optimum season for the harvest of Y. smalliana.
Methanolic extracts of Y. smalliana showed antifungal activity against
Rhizoctonia solani, Fusarium oxysporum, Botrytis cinerea and
Phytophthora capsici at a concentration of 0.1%, resulting particularly
in 50% growth inhibition of FR. solani and P. capsici.Significantly
higher antifungal activity was observed in the leave extracts as
compared to the root extracts, suggesting leaves of Y. smalliana as a
potential sink for antifungal compounds. No significant defference in
antifungal activities was observed in the extracts obtained seasonally

from Y. smalliana. The leave extracts of Y. smallianadecreased



damping-off cucumber seedlings caused by R. solani and blight pepper
caused by P. capsici, and powdery mildew of tomato, suggesting that
the extracts of Y. smalliana are applicable for biological control of
those plant diseases. Based on instrumental analyses by mass
spectrometer, FT-IR and NMR, the antifungal compounds isolated
from Y. smalliana were confirmed to be kaempferol-3-O-
rhamnosylglucoside (compound 1), 3-O-B-D-glucopyranosyl-(1—6)-§
-D-galantopyranosyl 5-spirostan—3f, 5,27-triol (compound 2), tigogenin
3-0O-a-L-rhamnopyranosyl-(1—4)-k-D-glucopyranosyl-(1—3)-
-D-glucopyranosyl-(1—4)-[B-D-gluco-pyranosyl-(1—2)]-E-D-
galactopyranoside (compound 3) and steroidal saponin with aglycon of
tigogenin (compound 4). These compounds are newly identified
antifungal substances from Y. smailliana. The compound, particularly
2, 3 and 4, are suggested to be new antifungal substances that have
not been reported. The minimum inhibition concentration (MIC) values
are 1 ppm for compound 3 and 4 against R. solani, 25 ppm for
compound 3 against F. oxysporum, S50ppm for compound 4 against F.
oxysporum, and 250 ppm for compound 2 against F. oxysporum.
Taken together from these observations, the antimicrobial substances
isolated from Y. smallianawere suggested to have a potential as

natural materials for the control of pathogenic fungi.
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Table 1. A chronology of biological control

Time

Event

Pre-scientific era (pre - 18380

"Ancient’ Chin
‘Medieval’ Arabi

Releases of ants for control of citrus pests

Transportation of ant colonies from mountains to date grov

Classical era (1880 DDT (1939))

1988

1919
1920s
1932

First major classical biological control success: importation
of vedalia beetle to Californi

The term 'biological control’ coined by H.S. Smi

Commercial production of Encarsia for greenhouse control of
whitef

Prickly pear brought under control in Australi

Chemical era (DDT1939) - 'Silent Spring’ (Carson, 1962)

1940s

1940s
1950s

Commercial production of Encarsia for greenhouse control of
whitefly ceases as a result of pesticide availability

Decline in number of classical biological control introductions

Extensive commercial production of Bt product

Integrated era ('Silent Spring’ present

1963

1967
1970s
1971
1980s
late 1980
1992

1996

1996

‘Observations of the effect of flowers on parasitic
hymenoptera’ published

FAO formalises the concept of integrated control of pests
Extensive commercial production of Bt product

First deliberate introduction of a pathogen for weed contr
Devine and Collego mycoherbicide products markete
Worldwide sales of Bt estimated to exceed US$ 50 million

BIOCAT database includes 4,769 introductions of insect
natural enemies with 421 pest species controlle

Publication of 'Code of Conduct for Importation and Release
of Exotic Biological Control Agents’

Cumulative total of 1,150 deliberate releases of 365
invertebrate and fungal species onto 133 weed species in 75
countries

(Gurr and Wratten, 2000)
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Table. 2. Commercially available microbial pesticides for the control

of diseases, insects and weeds

Microorganism Microbial Agen Target Commercial Nam Country
Bacteria Agrobacterium radiobacter Crown gall Galltro Bakuterozu ~ USA
strain 84 Dygall Japan
Cana
A.radiobacter K102 Crown gall Nogall Austra
Bacillus subtill Seedling root Quantum 4000 USA
diseases Infection Gus 2000 USA
seedborn
B. thuringiensis kurstak Lepidopter Dipel, Thuricide USA
B.t. aizawai Lepedoptera wax mo Certan USA
B.t. K. strain EG 2348 Gypsy moth Condor USA
B.t. san diego Colorado potato beetle ~M-one USA
Pseudomonas cepacia Seedling root Blue circl USA
P. fluorescens EG-105 Damping-of Daggaer G USA
Streptomyces griseovirides Damping-of Mycost USA
Cercospora rodmanii Water hyacinth ABG-50 USA
Fungi Gliocladium virens GL-21 Damping-of WRC-GL-21 USA
WRC-AP-1
Pythium ligandam Sugar beet disease Polygandro Czechoslovakia
Trichoderma harzianum Damping-of F-Stop USA
rifai strain KRL-A
T. harzianum/polysporum Wood-decaying fung Binab™T USA
T. lignorum Southern blight Trichoderma Japan
Sore shin (Tobacco) (spore)
Lo . France
T. viridae Verticillium in BINAB TSEPPIC UK
mushroom plum silver ~BINA
leaf disea
Arthobotrys irregularis Root-knot nematodes Royal 350 France
Metharhizium anisopliae Spittle bug Metaquino Brazil
Paecilomyces lilacinus Nematode eggs Biocon Phillippine
Root-knot nematodes
Collectotrichum Cuscuta spp. Lubao No.1 China
agloeosporioides
Phytophthora palmivora Strangler vine DeVine USA
(Morrenia adorate)
Virus Neodiprion NPV Pine sawfly Virox UK
Cydia pomonella GV Frosted chafer Carpocapsin France
Germany
Orgyia pseudotsugata NPV Douglas-firtussock moth Biocontrol-1 USA
Virtuss Canada

_12_

(2

B

|3 5, 1997)



AEA w27 Zuk AAFYH 20471 FHH7EA] pyrethrum,

rotenone, nicotine, sabadilla, quassin &©¢| AfHolAl 7|92}t =4

=245 dsta Slof Az 4y AMgHEUT. 28y DDTeoF 22
7l A sekol A JiEEol 1945 w4 T Al o ® o] &HH
A

71874 Fokel AA7I7F 2 EH T ey £ dAaA seke] 1
d, AEF4, IATSETLE 5 Aol d5= 19624
Rachel Carson©] ’'Silent spring’e]2tE= A Ao A SHBHAS I3 A 7]
soF 249 AAAeE Bag
ALE] A Al o] tiFE AT o]o] wel EfEEol tiE A5 W o Hod
AeAgel EAS Ad A8 A7 Al ABHT] A Fste] odd
FE AR Eo] 2= AEA AFAY shdo] @A HaE gt
AA wFoA FEF HAuE e HEA AIFT A= pyrethrum,
rotenone, ryania, sabadila, neem & 5%°] Ut ©|% pyrethrum< 7
cdE fFLAASTe 2 A Kenya, Brazil®} TanzaniaolA o3&
AujE = AS=xY F5 FHomA 53] 2Tl tste] S0 Zst
e SA0] 7l 27, uke, &

Ay 5 59 od8 5o AFTAZ o83 Yk Rotenones &

2
Ju
A
ox

rr

o|t}h. Sabadillax %9 f5AS o= WE
Az Ak, e SAEgAel B9
obAlo}, obielst, ohlelt, EF, HEIWY TE Fe| opdr) 2 AhA

[e}
Hhol Wol MAatE FFF =59 neem WHFEArjol A FE3 Aow 3

_13_



=)
|
)
%
i)
o
fr
X
N
991
s
iy

o
Az
o,
o
=]
A
o
offl
oo M am
ol
%
_OL
e
'z
1>
o
12,
2
>
~N
o

A7F Atk Il e AEseke] Aret T o=l B3] 30-50¢
F5e 1980 d el 71x24 A7F s E o] 1987d el A M 5 S
WAlsk7] flste]l HiolauE e Slar, 1994del= aF WAl
AC-1& /st om, 2003 el = EFrAAES o] &dto] 209 77
oAl g A= v EFupgel] ZaAl CEEAE el
(M4 5 2001; http//www. greenfarmer.com). ¥+, wAE AL

=222 w48 A=A A7 I el vs) 20-30d ol F=xH
o FAAE AEAdEdA T vk 581l w2 A 2000 ol F 4
FoFe] Edn[Eol H53 Sk 90dd 2w HA TefEsEd
89%NE HlFo] 2000t =M= 18%= F Wl 7hF Eobxth A
2001 ~2002 2%k 53

ox 2

i\

_‘E
i
o
pa
O::
i
off
13
0
—_
o
(@)
N
=2
t
(o4 rgill
)

5.”4101]/\1«] Risin *é°ﬂ et A4S B A5(o]4df, 2003), %‘*?19} ke
A(FA1E 5, 2001), SUNUHF(HEH 5, 2003), =3t A= (HES &
2003), %ﬁﬁr(%l"?’% T , 4"37}14?4(503‘—?, 1975), 2t (A<=
H, Azko}, 200D), AF (YIS 5, 1997), A=A 8-2, =3, 1980), A

HE(EFH3 T, 2003), AFRUF(RIAEE, 1998), FHCIAR, “—H?%
1997), AU (S 5, 2001), ool (=24, A%

of
lo
—
<o)
o)
3
N—

b

_14_



o

184 5, 2001), #&(oldS 5, 1999), 3]st (Park et al., 2003), H]
U (583t &, 2003), =IUHFH(HE3E 5, 2003) Solth o] &=
theFet Aok AU A A Eo HEE FEE Fud e B AF=
FHEATHFNA 5, 1995 &4 5, 2003). o] ==5E 789 FA
S AR FFe WA A= coumarin 3HeHE, SUNUF-Ol A=
flavonoid 3}g%, 3|3t} A= isoflavonoid 3%, BA3et =y

f-o 4= naphthoquinonis 3%, A, 7 & NEZAA= AHA

B A xyUFo A= alkaloid 3&E, oA 7] 23] o A Etriterpenoid 3
FdEEolATh

1992 2] AASE 3] ool M FokALEFe 20%E AEFFoE o
Aste= Aol wet Zb=S GHApdol| A shshE ok A& S AT
stal A=FoF s X of

ol
Ol
rr
ol

Mo &Y
o
o
™

ol
o
&
¥0,
£
o
2
o
ot
.

>
op
o
e
©
=
oz
e
off
42
°
>
o

il
N,
0
i
off
2
1o,
>
o3
=
td
!
2
rV
ol\
N
_O‘l
=
32
rlr
i
(ol
2
rir
=
X
off

AA g Aom AFHM, el A= AA FeFAEe] 1% W

9l

s}

OFAI T (3509 &) 9] 3%l =att 2010 el = AA 4509 &9 10%
= ]

9] 3o} 2010 el &= 10%(1,22001 )2 748 Ao Awsa o,

ol 3t UL HQ FPABAL AWMt W AR 2YelA 1997
% 1296 A FAFAHel FEHUAL 1 Foll AHe] M &
H, 85 20019 A4 554 571d(2001~2005)A18 FHoz
HAEAE AAGez SAs7] e FAExel B HAsa 19994

H] 2005744 3hehe| =, soF AMEE 30% #Ecta s saks A
AFE 5%7HA Flete] AA FAE] 02%9] F7EAE ¥FS 2005
W7bAl 05%, 2010 7-A] Axl= ¢ 20%%2 s vad S o=
i gtk olAY FdtEere AlES Fola AEF AIES T4

B AL A sorielel Mme FAZ 91 A oA BEd f
Q3 AeA sue 3

o
= -
= Aol o] ZeE A ¢ sa% A

h
=
41 F

_15_



T 70 e

T

(e}

M2

!

o

<)
)

9

A% oFE delivery XS

iy

_5..._u

o

puzel

ToR

L
a

TAZ HhE o] §57]

o

—

;.Ow_
=3

™

—_
o

7ME =

=]
=

o

A

A7E A7)

ai7

0

3l

oF

5
o
To
frot!
ol

)

BH

W $:5fo] 2

o} & (Traditional Medicines)<

&

(Natural Medicines)/d %% ¢

B Z 23 (Dietary Supplements), 7]sA 213 (Nutraceuticals),

Z~(Natural Dyes and Coloring Agents), &= (Natural Fragrant), 7]

°F(Natural

Cosmetics),

(Funtional

S

Insecticides—pesticides)

T
=

ot

=N
o

fg

o

A

ol

0

A
B

A

X
B

‘..mo

ol

=K

ApA Y B A

=L O
Shr

= Af7hel

SERUPY

bop

fite)

]
o

7o N A=

_16_



M22& A7t (yucca smalliana Fern.)
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phenolics¥} phenolic acids, coumarin@pyrones, flavonids, isoflavonoids,
steroids @} steroidal alkaloids % 7|E}&=4d 5 67 25 2= s + 3
(Mitra et al. 1984). L5 AFZEU ] Ao #3 A5 2 &4
dp, Mgk ZhA ), v, Zujuga T gt A ESolA ATE AT
(Table 3).
ITellA el AFE EUE FAE S(2001) BTet WA =HH
=

coumarin A EZE& wEdcd HEgE FEEE2 Y
H

i
el 85%9) = WALIAE ek WS F20039)
Fol o Age APy FEEEYH A% 9 FFEY A7E S
6@6}915—&1 nEE7], W4 gutelgofel, ¥ Aols FRzE HA

Fol st H91A71E W AQrkEel, %ol shetae] 2w

ol =& ddddes Bt

=
L
_|1j
o) m>~

B ool Afste AByAEdeld Ud FwBYL FA3

SR
I ABEFEGORAN TS rEetLA A

1. 4EAZHYH ANEY F=
oA s oA AFE3E A RIHYucca smalliana Fern.)x 20013 69 4
H 20021 597bA dgdigtal e Fol A AT AT A=
< 9, YR U ¥ 449 95 1 ecm AR &A ddstd
ANEE 80%(v/v) WErS(1:110)2 Aol 23] FEF3AH. FE52
S oA Aigt e ARt EEFIIOA HEEs dd] AAG

ARz} NRE SR

°|

ully

2. A 2 77
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2 Ao A A& {8l 248 15A1%S AMES Y &
&4 @AM AFE3E wixi= PDB (Potato Dextrose Broth, Difco,
USA), PDA (Potato Dextrose Agar, Merck, Germany) , BHI (Brain

Heart Infusion, Difco, USA) s o]t} Qo|RzE4 Ao AL Qo]F

A FEFTHY ASHolFAlolE AMESRen, 15 A3 olA
AFERE I3 S ETH T3S AFESSlT ks S0l A AFEH
1,1-diphenyl-2-picrylhydrazyl (DPPH)¢} @& A A ZSAHolA Alg&H
heparin, APTT Reagent, Plasma 52 sigmarltZFE T4 g

o

S 11=47]+= Fibrometer (Fibrosystem; BBL, Cockeysville, Maryland)&

A3

Ar7ke] ol e G4 HAAs Al AEE vAES A
WAA FFo] Fusarium oxysporum (KACC 40053), Rhizoctonia solani
(KACC 40101), Botrytis cinerea (KACC 40574), Phytophthora capsici
(KACC 40483) &< AF&3tdtt. eolrz=rd oist g A&
g+ Rhizoctonia solani= 743 e AEATA =R ekt

2) HAA A+

5 Escherichia coli O157H7& @R A LA Fuigron,
Salmonella  typhimurium LT2 strain ATCC 19585¢}  Listeria
monocytogenes ATCC 10403 A tfga oost njA st AgAz
FE BT

3) AHE HIA
P. capsici= 20% V-8 3H (20% 412~ 0.03% CaCO3, 2% 3+3)

of pH 6002 W& WAE Agsgon A 4% g8 #Folt
PDAMIAE ALgstdlth Aitel 49 BHMIAS Agshdr. ool =

229 Ay A R solani= PDBHIAE AL-&3%
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= Ugﬁé‘}f W ) Ué&;} PDAHH7<1 1
0.25% A7t FE=<5 FA7Mete F7HA HHE ARE 6‘}01‘4 2001 11%J
2o AHI AHIA FEEE F oxysporum, P. capsici, R. solani,

of gk J&Fe ArjAdstel A FEsAT

0, 0.0125, 0.025, 0.05, 0.1, g o
S 30CoA wigstAA 7o XA £%Z spectrophotometer (Hitachi
U-2001, Japan) 600 nmelAl #&stAtt. dddd dxzToF A9
AES Aluste] AER okt

A7t FEEY o] &

7}. R. solani HEE2] +H

250 ml AZEFek2~3] 50 mle] PDBE ¥ i "irst tha PDAC
A i FE R osolanis AEAT o] HEES 25TolA 547 FA
Stk wigd wHel FAHHE R solani TAFE HargolA 283
homogenized 3+ thS E %ol 25 mg/kgE HF 3t tHAsaka and Shoda,
1996).

o
o
Z
X



7}, P. capsici® vl 2 FFA3] 4

20% V-8 33 (20% 72, 0.03% CaCO3, 2% 3txl)edpH 6.0°0.2 4t
= iAol A P. capsiciE® 6 mm =719 disc® HZF st 26TAA plate
PR A g § fE mREoR V)F wALE AlASe] ¥%
sl A7t 15 em¥ = 3ol A thA]l 3R wj et TAdS PAA
Atk o7)d W4 10 mE 931 4CNA 147 chilling A F542
2= 343k tF (Shim and Lee, 1994).

Lo

3 FAC g EY 1% F7lFEE 20 mlE Agstal AEAEs g

4. FAstEg 9 AA
Sakata®] Y © 21 1-diphenyl-2-picrylhydrazyl (DPPH) &}t]Ztoj
et 245 o= veRYth 5 DPPH (Sigma, USA)E ol ehgel] &3)st
o] Az €A (0.15 mM) 09 mlet AJ 58N 0.1 mlE test tubeo] ¥l
voltexol Al &33k g A4 10&37F w-EAIZ1 & 517 nmoll Al &%
T2 =2A3AY (9 5, 2000). HAdAEE2 ] —tocopherol

A2 wustg o, DPPHE F=7F 50% HAastsd Zad Al59
j

o
|

5. Activated Partial Thromboplastin Time (APTT) &% 1 &
4 &3

Plasma 100 pl<} /\]E 25 plE test tubeo] ¥o] 37 CollA 1 min& <t
preincubation A1Z1 & APTT reagent 100 ulE ¥ il 3 min %<k ¥F$-A
Atk 0.02 M CaCly 100 plE& Y31 clotting times =74 3} %t}

6. TZAPNAN BrtE b2 o4 3



MRS A s BB J1F0l uhe KARIR 0914 574
6eAle] NSz FREEEEL 0 WAER 5% olaht 1, 20% olah 2,
40% ©olst= 3, 60% °lake= 4, Lelal 60% ©]% 5)ste]l FXx3}F At
(£ &, 1998). 1%°] Af7F FE2E3 ATl A= sl= A& 7t
vh(blend of alkylaryl polyethoxylate and sodium salt of alkylsulfonated
alkylate 60%) 0.05%%5 &%sto]l Adstdtt. A= 23] &5 A sk3l

om RRIE A Bggel W AVE TR YT FRY
1

HM3E 2zt & nE

=

1. AEAZREH AR 5
A 57V Yucca smalliana Fern.)S A F3te] 2 7], o, e 2994
2 v & 474 295 1 em AEE A Aasdn. o g

=
Zadnh 2229 2 F A% @ O AARAEE

Aol AHF ABE BE 10%0]4e] FeS tehl, o8 A9 1}
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Table 3. Seasonal and organ variation of methanol extract from Yucca

smalliana Fern.

Day Fresh weight (g) Methanol extract (g) % Content
2001.06.26 100 5.84 5.8
2001.08.26 100 8.2 8.2
2001.11.02 1300 139.5 10.7
2002.01.02 102 11.0 10.8
2002.03.02 103 155 15.0
2002.05.02 100 124 12.4

flower 1068 54.7 5.1

root 820 114.1 13.9
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2. ¥4 24 54

119 2o AFHg AF71d FF25= F oxysporum, P.capsici, R.

solani, B. cinerea ° ™3t &S =AUt (Fig.l). WA= F&
=& PDAMAI9} o] it 3 A3 PDAMA W Hitsla FE3=8 H7t
g F A E TEs T RS AREEH FEES 2a s wWet

W shA] FS wjo] FHHS B 025% FEoAE F ooxysporums
]

oF 10962 &datolE WA 01% ol ate]

o

(i
O
\U
N
=i
;&9
i3
>
)
T
]
o,
ftlo
o
1
o
o
fz
)
Ao
O
ol
2
]
—_
X

%5 oA A st
914(Fig.2). }’1'15] FEES F oxysporum, P. capsici, R. solani, B.
cinerea °| W& Ftddo] ofF vy Z& gle v 23 o FEE
& F. oxysporumo| Wal A= Z+ZF 64%, 34%, P. capsici o A+ zt
7} 66%, 62%, R. solani ° A= 2+2166%, 61%, B. cinerea®| U3l
M= A227%, 41%°] Fdd S e

N7 FAFZAE R solani, B. cinerea, F. oxysporum Al & ©]
st F7HA M oer FAEAT S vEsE FEES 01%E
A4S FAdF o, tE vt e AEA 1%l 483 ags F25
2 A4S SAH3AG(Fig. 3). WEE FE2E 01%9 AEA 1% &
g FEEE A4S A4S W v=g FEaAE UERET 8926
AN EE R. solaniol 3]

oF 45%9] AAES YELWIAITE B. cinerea
S Yetyow, F oxysporumdl

2 A7]d) AHI ArEL A

4000) Steh et Fw g stel A wEe Sl rﬂ(Flg 4) AHFE

ol thal) B ALY FElE W A7 gt sto] APE A Z
119 2¢e AFAG A5 Hes FF2E 200 ¢ & dsto

hexane (12.3 g), ethyl acetate (18.6 g), butanol (100 g), & (439 g)& &



01% XM F. oxysporum, R. solani, B.

5] O
9=

i)

FAtH(Fig. 5).

= 2] =
—_:'*Xé [}

cinerea®l

Zkzy 36.0, 46.0, 66.1, 58.3%° A EHE e HA o HolAH E

ke
T

o

puzel

A
o~

ol

xH

71 dely = € Al

& AAsHe .

el ol &7t
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Fig.1. Effect of yucca extracts on the growth of plant pathogens

A. F. oxysporum

C. R. solani

B. P. capcisi

D. B. cinerea

@® The extracts was added to PDA and autoclaved
B The extracts was added to autoclaved PDA
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Fig. 2. Effect of yucca extracts on the growth of plant pathogens
at a concentration of 0.1%
A. F. oxysporum B. P. capcisi

C. R. solani D. B. cinerea
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Fig. 3. Growth inhibition of plant pathogen by the extracts
seasonally obtained from yucca
A. F. oxysporum B. R. solani
C. B. cinerea

m - 0.1% (MeOH extract) m - 1% (fresh yucca)
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Fig. 4 Effect of yucca extracts on the morphology of P.capsici and
R. solani hyphae at a concentration of 0.1%
A P. capcisi B P. capsici + yucca extracts

C R. solani D R. solani + yucca extracts
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Fig. 5. Effect of solvent partitioning fractions of 80% MeOH extract from

yucca on the growth of plant pathogens at a concentration of 0.196

A. F. oxysporum B. R. solani

C. B. cinerea
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Ass HATl Escherichia coli O157, Salmonella typhimurium,
Listeria monocytogenes®| st &S FASH] 98] AF7F F
55 0, 0.0125, 0.025, 0.05, 0.1, 0.25% 3$Ff-3sF Ztzbe] wjx]o & HE
o5 30CelAl  wiFstAEA 6AIZE 12A1%Fe] Y] A
spectrophotometer 600 nmoll A #zstATHFig. 6). A =2 © & &%
A7EA ] A xR eF vl 2gknt o] AZEA] el A= e
ol gl Ao ARHATE o] A2 Tanaka 5o High Artel H
3t o Tanaka 59 A FoA % saponin 3 2 Gram-positive2}
Gram-negative Hre|g]ofol] o3t XS AP S u, e g o}

G432 PAY ol EATE (Tanaka, 1996).

LI

—

=3
pud

m
o

>

i

o

sy WwAadE dotry] 95t 93F 59 F
Lol RAZ(R  solani)es HITFH Ao HAfFIbdeE
1%(W/V)= zAlste] At 39 st AFA2 F 2z
25 ARG A¥= Fig. 73 2t
R. solani®ts A e Folxe= BEEY ok g Qo] AEA

o] AAF7L AWsta AEA Mo
sto] 47 S 357 A=A 7 LA
(48F)el A= RaEwe dgS ¢l
AdlE el A s A A5S stk =3 frhvks A
& AL FA ek 2ol OH:'rEi A4S YEFHA &FSkth o]z o ® Ko}
7t FEES o] AEY AFde dFS vAA Fa ovt Rosolani
o] A4S oAste] R solanioﬂ ofgt CoRAE gHAQ HAETF

otow A& FhsAol lE T,

o
-
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Fig. 6. Effect of yucca extracts on the growth of bacteria at

variable concentrations.
A. Escherichia coli O157
C. Listeria monocytogenes
B 6hr ® 12 hr
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Lo PAGGER  Pathooon s Yileca
oh=r Lol L LS E

o

Fig. 7. Effects of Yucca extracts on the control of cucumber
seedlings damping-off caused by R. solani before (A) and
3 day after treatment (B) of the extracts and the pathogen.
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PathogenHfuoona

Fig. 8. Effects of yucca extracts on the control of pepper late
blight caused by P. capsici 10 days after treatment of the

extracts and the pathogen
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Fig. 9. Effect of yucca extract on the development of powdery
mildew of tomato. Tomato leaves were examined 7 days

after foliar spray of yucca treatment.
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6. I3t & A

Afr7h b el s g4 S DPPHY =
oM @ik FAdel AY =i, T
Farstedol g1l (Table 4).

kst &Ao] Al

il

bl

o 9l FZ & Shexane, ethylacetate, buthanol,
water & T8 E FE% v5 st SH4S S8 A3 0.1%00A
7t E9E& A st FikstEAd s A A3 02%0A 7 82 &0,
75, 77, 56%°] @4kst&A & dEbllth(Fig. 10).

olel gk Afr7tel kst AfTtel FFEHo e HEsE=E
719138k Z O =2  stibenes, resveratrol, trans—3,3',5,5'-tetrahydroxy-4'-
methoxystilbens, yuccaols A-Cs o] EA7F o]v] &l % (Olas et al,
2003; Piacente et al.,, 2002; Olezdek et al., 2001). 53| resveratrol 3
E=ob vhFd 54 =2 phytoalexindll EAst= Ed2A FatstagEnl
ofye} ¢ H AdF T, ILd=7] 23V dvn dEA o
(Lee et al., 2003; 9 &, 2003; % %, 2001; Cheong et al., 1999). whe}A]
A7ke] @dtst 7lsd A EAY o] &7t s Aol Yt E T

o|\
Oi'i

A
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Table 4. DPPH free radical scavenger activity (SC50) of the

methanol extract from yucca organ

Organ Concentration (g/ml)
a—tocopherol 9.4
leaf 492
flower 1347
root -
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Fig. 10. DPPH free radical scavenger activity of each fraction from

methanol extract of yucca leaves
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©l R. solani, P. capsici | W= =& HAavss e

ME AbRel dEldE dunAAsE A A

o AL AR o] AREFYH AFItFEES

BAY PAAZ ATF 5ol Mg Adka & 5 vk
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NExH g BgElo] Yt FHFBYBAL Reste] o] gdtus
v oobE AuelA o ARE s orhl AT AF A7)
A, AEEer A AE ol Awdm vk S8 oo Sol e
Hpere] B7409, AREA, ARARD 5o BASo AWM 1
Aol AF i GFAEWEA QAe #7d] HAss gAY A A
29 olgd AEopwe] ta BAo]l FolAWA oeld 4%z

X

A)
preformed or induced antimicrobial compounds)< ¢

2 J |
slal o]l &std = AT FUFer Wol FaFHIL JUHAFTH T,
2001; A& %, 2001; Grayer and Harbone, 1994). ©o]2|3F Hd il
=dEE ML F VoS sed 1 ST AARET obye
v £ 7}

=
°Fo 2 AbEH I e AL BA &
ANE AT AT ARE A AEFAY SEES
phytoalexins & ’induced antifungal constituents’ ZA] W] 7 o]
HAS v FE%5= 523} ‘preformed antimicrobial compounds’ &4 2]

=9 preformed &2 F7F4 FE7F St} olgldt dHEHELEL

J

M

T-ZF %terpenoids, anitrogen- and/or sulphur-containing constituents,
aliphatics, aromatics & 224 tWsttH(Grayer and Harborne, 1994). ~1
< terpenoids®l] 43} saponinst A =9 2% gAMMERA ST}

(Mendes et al. ,2004), "}¥}(Hu and Yao, 2003), "% 3}(Zhang et al.,
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1999; Carotenuto et al., 1999), 7}A ¥ (Zamilpa et al, 2002), Z w53}
(Li et al., 1999) 5 th&s A& EAst=d hHE preformed &2 9]

t}. Saponins¥ mevalonic acid’} isoprenoid pathwaysS SalA A=

wARA gy B olde FE 94, 89 A8, e A8, I
2 T T 5AES 7P o) ookE i, T EE A9 dA,
Bzof, x84, Avs, 208, 3HE 5 HHoR wel dysa v
B AN FNTEES 2 AdsdS MY & 4oz S
AN =AE A2 dted e FAEEHS AES A 77kt A
7he] Wgs FEwo] e IXNTEAES JHAL de As Fdeiint
7k Edd e WeE ST ASsaEoA Hopreg it
olm ZololFthe] Aol spEel WAFEoR A=tk FotrE gt H

5, AAZ, AJEAE Sl oF 30F°] Ad=dl 7 Yucca. gloriosa), 5

o)
o
A, aloifolia) ol ot #F7h= &5 S@2A =A™ E717F A

of gle Ax . 42 7] 2ol vrh ZolM yAY, Bl de

gAY = fJrgolan SHoln dusta #o] VAR HE A, 7}
Ao FY e ARG HAi7 @9 e Aol k. Afvte ¥
A

7Eg A ol A Aol ZAEkA 7] Wil Afrbetal et AFE A F ek
A iasy
f7ke] =, dul, Mt 27 FEES oW AFH A8

wHow olgs) gom, v FDANAE FAZ A§2 & =S 3
18t aL(Oser, 1966), 3ol AHASAY AARH7IAZAE o] 85 a1
ColAE 7k 1950d el a3 S o] &3 HYF¢} steroidal 2
o] AE=EAM ookE Fo S8&FHo 2vrl 1960 ol o= A4t
ofell &&H7] AlAstA T 1970 el o2 A g 9 k5
AN AATIIE Y AMEE FokR 1 &SV FuEdY
(Chalermglin et al, 2001; McAllister et al, 2001; Wang et al, 2000;
Wang et al, 1998, AW 4 5, 1996; Hussain and Cheeke, 1995, Wu et

Ol

N

%0
o

g
2
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al, 1994; 2A& &, 1994).

FhFEES 7HS AR SOl AHEE] HUME AE, TsEelA d7I
A HEE FAAIIE urease AE&S At oFHE AAGdE 9T&
3} (Nazeer et al, 2002; Killeen et al., 1998; Lowe and Kershaw, 1997;
Yeo and Kim,1997; AW 4 &, 1996) W& A19 waxd 9 <

Yol FLEA 6}(Chalermghn . 2001; Wang et al, 2000; Hristov et
al, 1999; Wang et al, 1998, Wu et al, 1994; 2A]€ 5, 1994; Hussain
and Cheeke, 1995; 7}=9 AFEF7 2 A58 & 70 (Hussain et al,
1996, ¥4 5 1996, Yen and Pound, 1993), A 49 FAAA S&AH(H
AL &, 1994), %9 giardiosis®] Al (McAllister et al., 2001), w5
o] gyl W3to] A 2lcholesterol %2 #FA(Kaya et al, 2003) 59 &
7 hol el M= Bol AR E I 9l

T7tFEE 7Za st sl S 7k 9= F 2 phenolic
3t o] 7]213 Aol (Olas et al., 2003; Torres et al, 2003). 1%
3,4’ 5-trihydroxystilbene(THS)> Zgt dAtshzt8& 7Fxa 9l& #But
ol gt o 3£ 4] dkolAd heterocyclic amine?!
3-amino-1,4-dimethyl-5H-pyridol[4,3-b] indole(Trp-P-1)°] <]3F SOSHF
$S )83 umu testol A B-galactosidased] FEE ASte] dEAd
o] ZAo] gl g WoldoAAE AA A (Uenobe et al,
1997; Ashida and Shioyama, 1999). T3l THSe ddE=AmHo] A&
THSE @50 = AEdS urug AlZ U HEdS W, 5 F7155&
< A3 AHEstR S W ARG AWM ES o] &ate] At
Hol Axgs HA FHerl AeaAE HEFHtH(Ashida  and
Shioyama, 1999). Olas 52 7oA phenolic 3+gHE2o] & A Tol A 9
AsAEd 2o gigk A AL E Beth Yuccaols A9t CE A X0
A1 thiobarbituric acid reactive substances(TBARS)®] ++& T7HAIHA L
W trans-3,3' 5,5’ ~tetrahydroxy-4'- methoxystilbene® 7} <4383
FES i AHE HirstE A ZH HHOlas 2003).

rLH

rlo
i
o
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F7hFEES AEY F4EF TAA4Y &% HEHJIS Yuca
schidigera®] steroidal saponins< food-deteriorating yeast(Candida
albicans), dermatophytic(3] F-A}4at) yeasts(Candida famata, Hansenula
anomala HUT 7083, Pichia carsonii), film—forming yeast(Debaryomyces
hansenii, Pichia nakazawae, Zygosaccharomyces rouxii)s ol thal] ==
A AFAAEE 7R A= Aol &R1E S tH(Miyahoshi et al. 2000).
w3 structure-antifungal activity I @AANA  FFe] Yl
Trichophyton rubrume®] W3l oleanane saponis< 28-COOH, 23-OH<%}
3-O-glycosyl group< Z 4 tHTanaka et al., 1996). &3t 7} F&%&
= A=Al HAreE W A= w4 T obvleH Aa FEE T
st dlal, adryole] AaE Aastga, HZFoAQ citric acid,
acetic acid, malic acid & F714te] &S iz v|ste] =om F
7} 205 mg/gs H7HA FHIFEGT
Aot Basoe] FItFEEEe] AGA] o8 TheAd S A ATHQIA

¥, 2002). o] fol% F7F B> FAEAA (AL et al, 1978), I Y=<

g
235 (Olas et al, 2002), ++% 2% =@ (Torres et al., 2003) 5=
7HA AL St
ol¢} 7o fF7lo] MEFAS saponins, phenolics((Oleszek et al.,
2001) 5 3FgtEo] 7)eld Aolth F7F saponine steroidal glycosides®
] sarsapogenin(Killeen et al., 1998; Tanaka et al., 1996; Kaneda et al.,
1987 Lemieux et al., 1977; Sthos and Obrist, 1975; Dragalin and Kintia,
1975, Sthos et al, 1975, Blunden and Hardman, 1969),
smilagenin(Killeen et al., 1998, Nakano et al., 1991, Kaneda et al., 1987
Blunden and Hardman, 1969), markogenin(Miyakoshi et al., 2000;
Kaneda et al., 1987 ), samogenin(Miyakoshi et al., 2000, Nakano et al.,
1991; Kaneda et al., 1987 ), gitogenin(Kaneda et al., 1987 Blunden and
Hardman, 1969), neogitogenin(Kaneda et al., 1987 Blunden and
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Hardman, 1969), tigogenin(Blunden and Hardman, 1969)¢] @] <12 3%
S

B ATdM e Add TS =E S NSt ARTtelA HAA=%

=

=
o] steroidal saponinsE wElolal Q5] AP ZEZAY AZE $E

B o] ZAAEE QA F A

b FtellA 2001 11l AHE AH7F 2 1.8 kg

= 1lcem A2 A ddeta80% W= A2olA 1591 A A7)

2. AleF g 717

AN 83F%3 column chromatography& &vlE A8 154 %S AL
stlom, HPLC & "l& MerckAle] HPLCES AM&3tSith AR AaZntE
a9 g silica gel2 MerckAe] Silica gel(230~300 mesh, column
chromatography%, Germany)<, octadecyl silane(ODS)= YMCA}S]
ODS(70-230 mesh, Japan)& AF&3t92m, TLC platex Silica gel 60
Foss(Merck, Germany)< AlF-8-3F1

HPLC+ Hitachi D-2500 integrator(Japan), Hitachi L-7100 pump
(Japan), Cedex 75 ELSD detector (France), Phenomenex ODS-18 Z
2 (4.6 250mm, particle size-4um, USA)S A}-&3F T}

A=A o= FAB-MS(electrospray ionization/mass spectrometry)-<

o] &3t = 7171+ Jeol JMS-700 mass spectrometer(Japan)S A3}

[ex]
AA
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Infrared(IR) =4l KBr pellet2 ©]&33 2™ 7]7]:= Nicolet
520P FT-IR spectrometry(Japan)< AF&3}1

Nuclear magnetic resonance(NMR)< 3}3t=13 4= Bruker GPX
400 spectrometer(400 MHz, Germany)<, 29 3 Bruker Avance 500
spectrometer(500 MHz, Germany)S ©]&35tda, Svles 33E 12
DMSOZ, 33tE 2, 3, 4% pyridine-d52 AM&3stgon, 'H-NMR,
YC-NMR, 'H-'H Cosy, "C-'H Cosy, DEPT %9 71¥& Ab&stgiv.
WHEFEZ 2= tetramethylsilane (TMS, =0)& Alg3te] 7[&Ho=

shie.

3. oA AN

D HYd A+

iy

A8 WA FFol:= Fusarium  oxysporum(KACC — 40053),
Rhizoctonia solani(KACC 40101), Botrytis cinerea(KACC 40574),
Phytophthora capsici (KACC 40483) 5< AF-&3F3 Tt

2) AR HlA

Phytophthora capsici= 20% V-8 3 (20% 72, 0.03% CaCOs,
2% )l pH 6.00.% S HiAIE ARESI o umA A& ¥dAd

g ol PDAMIAIE AHE-3l ST

o
N,
=t
ek
2,
flo
o
2y
ju )

§ 2] &4 (disk plate method) o2 =431t}
= Z}zbol Alg 8 AS "Wt H paper disc(Toyo, Smm, Japan)ol &34 71
T SulE &Hd] AT AIFEE FHdu Ao Fol UWAAF T 27T

o Al wjFst The diskT ¥ o clear zones 135
4. A EAZ Y AA

1) Silica gel column chromatographyoll ¢]3%+F % A
Hete g2 F%3 A8 200 g2 hexane, ethylacetate(EtOAc), buthyl

_48_



]

alcol(BuOH), T# =2 &vigsdtt. 1% &4 %3 BuOHT=
silica gel column chromatographyE 433} th. Silica gel 1.5 kg(230~
300 mesh, column chromagraphy§&, Merck, Darmstadt, Germany)<
CHCI3:MeOH 10:1% slurryE 9H&9] column(100x450 mm)oll S A 71
5, A7 e 80% HMEE FEEY O FEESE 9 200 g&
CHCI3MeOH 10:1, 5:1, 3:1, CHCI3MeOH :H.O 10:3:1, 7:3:1, 6.5:3.51,
6:4:1, 6:5:1, 5512 §&FYsItt %5 dvdAdo] A3 641 w8
thAl 3 silica gel column chromatography(80x500 mm)E &8} o,
& A& 27 CHCI3MeOH :H:0 6.5:3.5:1, 6:4:1& AF&-3F3

2) ODS column chromatography®l] ¢]3F 2 A

Octadecylsilane(ODS) column chromatography+ ODS(70-230 mesh,
YMC, Kyoto, Japan)E column(34x480 mm)ol &2 A7l ¥ MeOH:H,O
S A2 A=, MeOH %5 20, 40, 60, 80, 100% = wHA % o

2 F717 $EEEY

5. £ e A=dd R EHSA
el

Streptococcus mutans Ingbrittoll A F g

o

op

fractosyl- transferase& ©|-&3ste] A=#A3 AlZTh 0.05 mM Q14HeHS
A (pH 6.8) 200 plell 5% A 500 wl, 2 mg/ml &% 33FE 100u],
22 100 wlE 37TelA 12417 REGAIR Y, ST &l 2:3F FolA] 1t
S AAAAG. AEHAFE g TLCE ol&3tden  SvwjAs
CH;CN:H0=85:155 A}-83} 2™ aniline-diphenylamine A]¢fo = Hh2

At &4 =42 paper discH S o] &3 Th

oo ol

rlo

1=
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HM3E 2zt & nE

X
=

2, 3,49 &
1.8 kg 80% "2 FEstal sAH0FXAA 200 g9 F
& ZAo] wzbA hexane, EtOAc, BuOH, H20=%
7 o] tiete] e A SAPH S o] &5k &t
A3 FAo] 73 BuOH #3FE silica gel column
chromatography & ©]-&3%to] CHClyMeOH:H.O £vwjAl o2 E35%+=
d CHCl3:MeOH:H-0 6:4:1(v/v/v)e] Z+3t B8-S 717} 164 ¢ & AU}
A2 F3S CHCl3MeOH:H20O 65:35:10(v/v/v) &l 2 silica gel column
chromatography & G 3sto] &Aool Qv &9 dATH1.20 g, 2.11
g, 521 g). ol EIS ¢ AHASZ] fsted ODS  column
chromatographyS 2 A3t 2 MeOH:H.O &wjAl A FX+= 40, 60,
80, 100% =4 MeOH s=E5 A F7FAAA chromatography g+ 23}
shetE 1, 2, 3, 48 AAHFig. 11). AAE EH &5 dotrny] 9
sto] z}zF HPLCE S stslvh. & 2l= acetonitrile®} T#F5 AH&3S}
Fom  acetonitrile  15%9A  80%7HA]  40FEF<H  FURAIA 0T,
Evaporative light scattering detectors (ELSD)ZS A}-&3}31t}.

o
o
\um
Y
o

e
ne
52y
2
i

e

e

rf

Mro o

o M

2
ot
ol
-
32

e
oX,
o
AN
o,
ro

o=

o
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Yucca(l.Bka, P
—— B MeOH

MeOH extract (200 gh

_____ paritioned bebween Hexane. EIDAL,

BuilH. H,0
Ha:eana EtDac BulH Hy
(123g) (18,63 (100,0 g0 (43.9 g}
——— zilica gel ¢z,
{CHCl, Me0H:H,0 )
CHCIZ:MeOH:H2D Bi4:1
(adm
e glllca gel ¢,
[CHCI Me0H:H 0 65:36:00)
| |
ir

7
(1,30 gb

b
(211 q]
}" 0% c.c ’_ to¥ee

Compound | (15 mg)
Compaund 11 (78 mgh
Compound 11 {172 mag)

Cempound WSS mg

Fig. 11. Scheme for the isolation of antifungal compounds from

Y. smalliana extracts
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2. B T

1) 5419 Fxa4

FAB-MS : 617[M+Na]’, 595[M+H]'

'"H NMR400 MHz, DMSO) : &1256(1H, s, 5-OH), 10.85(1H, s,
7-OH), 10.12(1H, s, 4'-OH), 7.98(2H, d, J=8.8 Hz, 2', 6'-H), 6.87(2H,
d, /=88, 3’, 5'-H), 6.41(1H, d, J=1.9, 8-H), 6.20(1H, d, J=1.9, 6-H),
0.98(3H, d, J=6.2, 6""'-H)

“C NMRM400 MHz, DMSO) : 8177.4(C-4), 1309(C-2', 6),
115.1(C-3', 5'), 98.7(C-6), 93.7(C-8), 17.7(Rha-C-6)

T w88 24 1(Fig. 12)¢ FAB-MS #4723 m/z 5950 A &
Apol29]  peak’} YEew, m/z  617[M+Nal, 449[M-Rhal’,
287[M-Rha-Glc] @l A ion fragment ion®] 7<% A }H(Fig. 14).

"H NMR spectrum®] A= Fig. 159 Yebd #vle} 7o) ring AE C5
I C7 OH7F * g% 1719 meta coupling 3t A+ proton?! H-63}
H-89] chemical shift= A A% Zo =z olExo]l 7tz i6.029 6.41 ppm
o A Vet EFring B protons 9 meta couplingdtil ¢lE protons
7}, A2B2 type?] ring B protonE2 EAE YENE signalE[67.98 (2H,
d, /=88 Hz, 2', 6'-H), 66.87(2H, d, J=88, 3’, 5'-H)]°] e}t
Glucopyranose®] anomeric proton®] 5.30 o4 J=7.4 Hz2| doublet® 4 E}
U= Zglucoser= 3-OH®} B-glucoside 23S 3t A28 & 4 Qo
rhamnopyranose®] H-1 signale &4.37, 6-H signal2 60.97% 4
glucopyranose®} rhamnopyranose®] A3%o] 6—-12%S st Ao &
T Ak E3E a100]d el A tri-OHAl A 7118 =signal(f12.56, 10.85,
10.12)c] #ZE A

PC-NMR spectrumell A+ ring Coll 71218} signalgl 8156.5(C-2),
6133.2(C-3)°]  ##HJAHTable 5). HE3tanomeric carbon®] &
104.0(Gle-1), £100.8(Rha-1)e]  &<l=glem, 177414  rhamnose?]
C-6"""9] A& A signale] #EEFHAL, glucosee] C-6°] 666914 2+
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% o] glucopyranose®t rhamnopyranose®] A3%o] 6—123%S sl A
S ¢ & Ay w3 89873 693.79014 C-63F C-82] signale] &2l
o 1 zolk 52ZA flavonoldtTEUS & 4 Uth

ool AEFYH B = Fx= Hud £} dAst
kaempferol-3-0-rhamnosylglucoside(Co/HzO15) = & 5 A th(Fig. 13,
Bergeron et al., 1995). ©] 3}3+&-S Echinocereus triglochidiatus(Miller
and Bohm., 1982), Bupleurum flavum Forsk(Gevrenova et al., 1997),
Typha angustifolia(Chen et al., 1990, Jia et al, 1986), Arctium
miuns(Saleh and Bohm., 1971), Ageratum mexicanum(Mionskowski and
Gill, 1975), musa(Zeid, 1999), spinach(Kuti and Konuru, 2004) & °l|A %=
5o antimicrobial(Bisignano et al, 2000), antiprotozoal
(Calzada et al., 2001), antimalarial(Murakami et al., 2001), antioxidant
(Cichewicz and Nair, 2002), antiulcerogenic(Mpalantinos et al., 1998),

hypotensive(Mansoor et al., 1993), diuretic activity(Mpalantinos et al.,
1998)¢] &1 % Tt
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Fig. 12. HPLC chromatogram of compound 1

OH
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OH

Fig. 13. Chemical structure of compound 1
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Fig. 14. FAB-MS spectrum of compound 1
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Fig. 15. "H NMR spectrum of compound 1
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Table 5. °C NMR data for compound 1

position & (ppm)
2 156.5
3 133.2
4 1774
4a 104.0
5 161.2
6 98.7
7 164.1
8 93.7
8a 156.8
1’ 120.9
2’ 130.9
3’ 115.1
4’ 159.9
5 115.1
6’ 130.9
Gle-1" 101.3
2" 74.2
3" 76.3
4" 70.6
5" 5.7
6" 66.9
Rha-1"" 100.8
2 70.3
3 69.9
4" 71.8
5" 68.2
6" 177
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Fig. 16. Proton—proton COSY NMR spectrum of compound 1
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Fig. 17. Proton—-carbon COSY NMR spectrum of compound 1
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2) =2 29 7= 4

FAB-MS : 773[IM+H]", 611[M-162+H]", 449[M-162x2+H]"

FT-IR : Vamu(KBr, cm ') @ 3394(0OH), 1023 cm '

"H NMR(500 MHz, pyridine-d5) : & 0.73(3H, s, 18-CHs), 0.96(3H, s,
19-CHs), 1.13(3H, d, /=6.9 Hz), 1.09(3H, 27-CHs), 4.92(1-H', d, J=7.7
Hz), 5.08 (1-H'’, d, J=7.8Hz)

PC NMR(125 MHz, pyridine-d5) : & 13.0(C-19), 14.4(C-21),
16.0(C-18), 51.6(C-5), 63.5(C-27), 68.2(C-6), 77.3(C-3), 80.6(C-16),
101.6(Gal-1), 104.7(Glc-1), 109.1(C-22),

w29 3= 2(Fig. 18)9] FAB-MS #4223} m/z 773914 &A}9]
29 peak’} YESre ™, m/z 611[M-Glcl’, 449[M-Glc-Gal]" fragment
ion°] A& A (Fig. 21).

IR spectroscopy A¥o] 9at¥ 3394 cm el A OH, 1023 cm ‘el A]
glycosidic C-O°ll 7]¢13l+= &4 bandES &<l & 4 A (Fig. 20).

'H NMR spectrum (500 MHz, pridine-ds)& Fig. 22914 & 5 <)
= vh¢} 7o) 18-CHszol 60.73, 19-CHszo] 60.9691 A1 Z}Z}singlet signal®]
vEbar glem, 21-CHzel 61.13(d, J=6.9 Hz)& WEbar k. F719
anomeric protons©] 64.92(d, J=7.7 Hz), 65.08(d, J=7.8Hz)N|* E}}
aglycon?t F Afol7} Ao 2 AAH UAES WERH L o

BC NMR spectrum& H@ #1016, 104.79]14 anomeric carbon<]
signale] #21% I tH(Table 6). E=3H9-C2] signale] 61304 Felx o] 5-
aH 8 +29S ¢ 4 A3, 3-C, 6-C, 27-C signale] Z+7Z} 877.3, 681,
635% o]xdte Akxol o AAFo R shift¥don, o FioA
Gal-6°] 869524 75 ppm A A 2 shift¥ o] Gal-6° glucopyranose
7 AgH S FAF F Uk

o] %2l A 3} 2 5 compound 29] TZE 3-O-p
-D-glucopyranosyl-(1—6)-f-D-galantopyranosyl 5a-spirostan—3
B527-triol® A ¥ AHFig. 19). 53] A=7kA #F7telA &€ 3t
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Fig. 18. HPLC chromatogram of compound 2

3-0-B-D-glucopyranosyl-(1—6)-B-D-galantopyranosyl-

Sa-spirostan—33,5,27-triol

Fig. 19. Chemical structure of compound 2
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Fig. 20. FT-IR spectrum of compound 2
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Fig. 21. FAB-MS spectrum of compound 2
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. "TH-NMR spectrum of compound 2
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Table 6. ®C NMR data of compound 2

position § (ppm) position § (ppm)
1 37.2 Gal-1 101.6
2 295 2 76.7
3 77.3 3 779
4 28.9 4 71.2
5 51.6 5 74.6
6 68.1 6 69.5
7 42.0 Glc-1' 104.7
8 33.8 2’ 779
9 53.5 3’ 4.7
10 36.1 4’ 71.2
11 20.7 5’ 7.8
12 39.5 6’ 61.7
13 40.3
14 B55.7
15 31.6
16 80.6
17 62.5
18 16.0
19 13.0
20 41.6
21 14.4
22 109.1
23 31.1
24 235
25 38.6
26 63.9
27 63.5
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Fig. 23. Proton-proton COSY spectrum of compound 2
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Fig. 24. Proton—-carbon COSY spectrum
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Fig. 25. DEPT spectrum of compound 2
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3) &2 39 FxA

FAB-MS : 1233[M+Nal’, 1087[M+Na-146]", 417[M-164x4-146]"

FT-IR Vm (KBr, cm') @ 3423(0H), 1073, 981(A ring), 921(B
ring), 898(C ring),

'H-NMR: #553(d, J=7.6 Hz), 523(d, J=7.8 Hz), 508(d, J=7.6 Hz),
4.83 (d, J=7.4 Hz), 4.30(d, J=7.9 Hz)

PC-NMR:  B11.7(C-19),  144(C-21), 168(C-27),  77.1(C-3),
80.6(C-16), 108.7(C-22), 104.4(Glc-1"), 104.2(Glc-1""), 103.7(Glc-1"""),
102.2(Rha-1), 101.9(Gal-1)

g8 B4 3(Fig. 26)9) FAB-MS Z3 m/z 123314 [M+Nal 9|
o] peak7} WEMY bl 12119& &5 Atk B3 m/z 4170014
[M-162x4-146]" fragment ion°] 7 Z% ] aglycon®] hexose 4 moled}
methylpentose 1 mole¢] A5 A& & F Atk (Fig. 28).

IR spectroscopy ZTel ©]st# 3423 cm ‘ol Al OH, 1073 cm ‘ol A]
glycosidic C-0°ll 71913l= &4 bandE2 &<l s 4 Ath(Fig. 29). =
& 898 cm 'l FBHEZF 921 em lelM o] FHEmmTF Av)e] 25R
steroidal saponingl & ¢ 4 St}

"H-NMR| A1 &= anomeric proton®] &553(J=7.6 Hz), 5.23(J=7.8 Hz),
5.08(J=7.6 Hz), 4.83(J=7.4 Hz), 4.30(J=7.9 Hz)oll A &lxlo] 57| o]
AZdH ol drk= Aol gl ATH(Fig. 30).

PC NMR spectrum< R 19-C¢] signale] 811.7914 22150} 5-a
H 3 Fx2d& & 4 9o, iall7, 144, 16.0, 16.8°4 aglyconel <172
4709 methyl groupe] QI TH(Table 7). 53+ 61044, 104.1,
103.7, 102.2, 101.99] A anomeric carbon®] signale] &l¥ o Z}7z-9]
o] Asts BW-2Gal-49 chemical shift= 679.7, Gle-2', 3'= 77} &
80.9, 876, Glc-4"""278=% 10ppm ©| AR o] &3] TE Alo]e 2
o] 14, 123, 1-20.2 g¥dS el

ool AR EH EFH 39 FEE tigogenin 3-O-a-L-
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rhamnopyranosyl-(1—4)-EF-D-glucopyranosyl-(1—3)-F-D-
glucopyranosyl-(1—4)-[E-D-glucopyranosyl-(1—2)]-f
-D-galactopyranoside= &l A & Q1 th(Fig. 27). &3t o] s}3&o dist &
M AT A AZE FEE FPEA
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Fig. 26. HPLC chromatogram of compound 3
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(1—3)-f-D-glucopyranosyl- (1—4)-[f-D-glucopyranosyl-
(1—-2)]--D-galactopyranoside

Fig. 27. Chemical structure of compound 3
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Table 7. ®C NMR data of compound 3

position &(ppm) position &(ppm)
1 441 Gal-1 101.9
2 29.3 2 76.7
3 77.1 3 75.0
4 34.3 4 79.7
5 441 5 72.6
6 284 6 60.6
7 31.8 Glc-1’ 104.4
8 34.7 2 80.9
9 539 3’ 87.6
10 35.3 4’ 70.1
11 20.7 5’ 76.9
12 39.6 6’ 62.4
13 40.2 Glc-1"" 104.2
14 55.9 2" 75.6
15 31.6 3" 774
16 80.6 4" 704
17 62.5 5" 78.1
18 16.0 6"’ 61.8
19 11.7 Glc-1""" 103.7
20 41.4 2 74.8
21 14.4 3" 76.1
22 108.7 4" 78.0
23 28.7 5" 74.7
24 31.3 6"’ 60.0
25 30.0 Rha-1 102.2
26 66.3 2 71.9
27 16.8 3 72.1
4 73.3
5 69.9
6 179
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Fig. 31. Proton—proton COSY NMR spectrum of compound 3

_77_



- -.A.'
- l-l-\.
T N
f——- = 1- -
= o O - 1]
| i:'“"
| - |
e -1k

™~ L] 1 ]

Fig. 32. Proton—-carbon COSY NMR spectrum of compound 3

_78_



14.‘.'*1 5 20 g 4 -

41/
S 11;; i

i i I

Fig. 33. DEPT spectrum of compound 3

_79_



4) E4 49 FxEH

FAB-MS : 1360, 1228, 417

FT-IR Vi (KBr, cm') @ 3435(0H), 982(A ring), 922(B ring),
898(C ring)

'H-NMR: 85.73(d, J=7.0 Hz), 549(d, J=7.5 Hz), 5.10(d, J=7.2
Hz), 5.03(d, J=7.7 Hz), 4.84(d, J=7.0 Hz)

PC-NMR:  #12.2(C-19), 149(C-21), 165(C-18), 17.2(C-27),
77.3(C-3), 81.0(C-16), 109.1(C-22)

=88 =4 4(Fig. 342 FAB-MS Z3 m/z 136004 #A}o]
peak7} YER} Ex}Eo] m/z 136022, m/z 12289 A o] peak’} T
o] wto] xylose ZH717F = AOS =2 m/z 417914 hexose 5 mole©]
U= Ao m FAHAHFig. 36).

IR spectroscopy 2ol o]ty & Al steroidal saponin®] & 3%
7b B2 = 3435 cm ‘el A OH, 1074 cm "ol A glycosidic C-O°ll 7]
et F4 band7b #EE A H(Fig. 35). 982 cm |, 921 cm !, 898 cm '
A A, B, C ringelld 71+ 544 35271 dFEHJqo
898 cm 'elM9 FHEr 922 cm 'elde FFERU AZE 25R
steroidal saponin¥ < & 4= <l

"H NMR spectrumol| Al 85.73, 5.49, 5.10, 5.03, 4.84°| 4] anomeric
proton®. 2 FA &= th9 signale] &21% At (Fig. 37).

¥C NMR spectrumel| A 19-CH32] signale] &12.2014 2415 o5-aH
g Fx7F Ao, 3-H signale] 677302 o] x3l= Abho] 23
AR Ao 2 shifts] 2131, aglyconoll 1Z2¥ methyl group® signale] &
12.2, 149, 165, 172014 &l o, 618594 rhamnose® methyl
group®] FRl¥ o] o] 3= rhamnose H717F v o= FAHHAT
(Table 8). 3&E 49 aglycon? 7%+ 33 v gL v tigogeninl
2 FA ¥ (Kishor and Sati, 1990).
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Fig. 34. HPLC chromatogram of compound 4
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Table 8. C NMR data of compound 4

position fi(ppm)
1 37.0
2 29.8
3 77.3
4 34.7
5 445
6 28.8
7 32.3
8 35.1
9 54.3
10 35.7
11 21.2
12 40.0
13 40.6
14 56.3
15 32.0
16 31.0
17 62.9
18 16.5
19 12.2
20 419
21 14.9
22 109.1
23 31.7
24 29.2
25 30.5
26 66.7
27 17.2
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Fig. 39. Proton—proton COSY NMR spectrum of compound 4
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3. £EE EZ2Y FFFo] &4

Tod Bde I FAHS F487] Skl Rhizoctonia solani,
Fusarium oxysporum=  ©o]&3sto] Agst A 3gE 3, 4=
Rhizoctonia solani®l ™3}l minimum inhibitory concentration(MIC) 1
ppmol A, Fusarium oxysporum®| WajA+= 3+sHE 32 MIC 25 ppm, 3F
& 4= MIC 50 ppmel A TS A G747 A AT (Table 9). sht= 2%
sht= 34el Hla) R & gardAdo] A=t 250 ppm o] /del A
oA EH7F BEHAT o] ANEFE AfFTtlA e sHgE

4

hizoctonia solaniol| gk <5<

rlr
Jm
ol
to
o
3
L
d

of
Lo
(o
r o
-

o,
m

AZLgol S35, 5 in vivo ABANAE I FERE oo B
=y BAEIN} $rele AR WAE AddHe] FRFAZA
$§o] Zljent

4. FFEEY AEHAS 4 FTEA

33t E2E Streptococcus mutans Ingbrittol]
fractosyltransferase F3<S o]|&3lal, 3% 33 4% F3, F4E o]&39]
AEAZ AZo TLCoAM RE 2S5 F7HA aiol 2o
fractose7t %ol H &S &1 + AAMHFig 41). A & A

= AFA717] A3 vuge o SHI Aolr A ok

l-b_l_/
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Table 9. Antifungal activity of compounds 2,3 and 4 isolated from

Yucca smalliana Fern.

compound R. solani F. oxysporum
2 500< 250
3 <1 25
4 <1 50

*The activities are expressed as the minimum inhibitory concentration (MIC) in ppm.
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Fig. 41. TLC of compound 2, 3 and 4 after reaction with
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Ma4d M

AR EAA O ZRY dAE TS JNEetr] fete ARAES o
oz g SAAAHE A 2y AR FEEY AEs 3
A7t e FHE =

As st AF7 Ao MeOH FEES /5o dgAA
n-hexane, ethylacetate, n-butanol £vj=Z £uj&3sle] z+ 35 i

o2 FRFEYE 2AEE T 24 butanol EEol A A
= uehith
A7 A FEE9 butanol 3 silica gel chromatography, ODS
chromatography S G&3le] @ AHE o7 Hgd i IR, MS, NMR 52
717184 E AAlste]l 25 Gt 2 A3 oA ZEE s

[e)

£ kaempferol-3-O-rhamnosylglucoside (3}$+& 1), 3-O-B-D-gluco-

rod
o
EY
gk
o,

pyranosyl-(1—6)-f-D-galantopyranosyl 5-spirostan-u3,5,27-triol (&}
= 2), tigogenin  3-O-a-L-rhamnopyranosyl-(1—4)-E-D-gluco-
pyranosyl-(1—3)-fE-D-glucopyranosyl-(1—4)-[E-D-glucopyranosyl-(1—
2)]-B-D-galactopyranoside (3}3tE  3)9 tigogenin® aglycons 713
steroidal saponin®.Z FA & 3w (3FE 9= FJAHAY. FFE
3% 47 =2 A S M = R osolanidl tisiA = MIC7F 1
ppme| 1L F. oxysporumdl| e = 242k 25 ppm¥ 50 ppme] At} 3}
e 2v 9 @S 7ML A= Rosolaniell @Al 500 ppmel]

H F. oxysporumel thal| A= 250 ppmel Al €4S U

>

1
i)

X,
o,
e
b4/
o

olael AFAz AGIERE Haw FHFEFA 3-0-B-D-
glucopyranosyl-(1—6)-f-D-galantopyranosyl  5-spirostan—£3,5,27-triol,
tigogenin  3-O-u-L-rhamnopyranosyl-(1—4)-f-D-glucopyranosyl-(1—
3)-B-D-glucopyranosyl-(1—4)-[E-D-glucopyranosyl-(1—2)]-F-D-
galactopyranosider 27742 AHEATt E3) & 2= HE A
o IAgre 27-OH groupe A 27FA Hald 2591 AFEdo] A e A=
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Wdxkel Al %“é%@gl =4 5t ‘%l AEde At =29 vt
=
=

Aol A 53] FRNFSAL BEoA AAF upep o] A
ol ALg¥ e WA Aol tisl wig A G245 detlon, |
A el HAAE BHEte WS dodA st o, whE el

A7t FEE9 TEAYNAME R solaniol 93t Qo|RaZHyl p
capsiciol ©gt AFqH T AP A T WAEHRE vEIHeH Enf
E 3UtFdo] i dAs EFoArE ErbERel did] =2 A=

FRHE EHES Fdstr 1 Fx2E 3 23 saponinZl & €]
N 2E 3FgHE<Ql 3-O-B-D-glucopyranosyl-(1—6)-f-D-galantopyranosyl
5-spirostan—#3,5,27-triol, tigogenin 3-O-a-L-rhamnopyranosyl-(1—4)-f
-D-glucopyranosyl-(1—3)-F-D-glucopyranosyl-(1—4)-[E-D-
glucopyranosyl-(1—2)]-f— D-galactopyranoside®] 57 =1t} &3+ 3}t
& 49 Jxv FAsH WA A= FAAR A4S 6o de e

tigogenin®. 4] 71 A= 3}3tE 33 vkl En|E)

ol}e]l AuriY AfI FE=2 AEE A HAescter @
T e 7x ARE vhdsdlen, AEFtorAe Ttede T
w8 HolFin

A7 At AGAG] dE ATWEL SR FIHAT
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MeZ ATNLRHIA FEE ST S
e
F7kel AEBAS BF FUYAAY ATE BGERE {AFERY

AR AT Z A SEel e ArRA SAAsd R Thse] AR
S

Wang et al, 2000; Wang et al, 1998; AH <4 5, 1996; Hussain and
Cheeke, 1995, Wu et al, 1994; ZAA]& 5, 1994). F7I5F=E2 715 Al

ol Ads H7td A, hEEdA |14 2EE

Jpp

A 71+ urease
2+8S At dHE AASE IS dH(Nazeer et al, 2002;
Killeen et al., 1998; Lowe and Kershaw, 1997; Yeo and Kim,1997;, Z1%
T 5, 1996) WwEFsES A9 wExd 3 gEYor FxAG
(Chalermglin &, 2001; Wang et al., 2000; Hristov et al., 1999, Wang et
al., 1998, Wu et al, 1994, A€ &, 1994; Hussain and Cheeke, 1995;
7t AFEX 2 A5 aE /N (Hussain et al, 1996; AW 5 1996,
Yen and Pound, 1993), A 49 FAAA SFH(EAE &, 1994), 49
giardiosis®] Al (McAllister et al., 2001), W F&lo] &} F3lof Ao
cholesterol 3t&Fe] 7+ (Kaya et al., 2003) ¢ &37F 2t}
FrbFEES I AYe aAstEA S 7L =Tl = phenolic
shgtEo 7]Qldk o ZA Olas(2003) 52 gl AtgtAEw 2o
AA -GS v, =g A IHitsE o

Uenobe(1997) 5 ¥ Ashida(1999) 52 7} F==°] 5% WA A
At 1B iske]

F7FEE2 dA AFA 853 =4 Miyahoshi(2000) &<

¢

== T4 E<2l steroidal saponins®] food-deteriorating yeast,
dermatophytic yeasts, film—forming yeast 5ol sk A4 A A&
S Baustdn. gule A& 1(2002) ol F7F FEES A= H

RS w A= S T obvlnd Aix FHE FUlske gl g

—
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