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SUMMARY

As in citrus, it takes above 1 month from citrus farm to customers. In this process, citrus
get wounded. From these wounds, fungi such as P. digitatum and P. italicurn were occurred
within 1 week. During these processes, lose rate of citrus was 10 ~ 30%. This make
decrement of productivity of citrus. So we performed this study to solve problems in the

process of storages of citrus.

First of all, we isolated P. digitatum and P. italicum from leaf of citrus and identified and
then characterized. We performed basic antibiotic activity of 5 species of storage related
microbes donated from KACC.

We tested antifungal effect of the 115 plant extracts using agar diffusion test. The 115
species of plants were donated from Chungnam Nation university and related institution.
Dioscorea quinqueloba Thunb. extract showed the most effective in the test. It assumed that
antifungal mechanisms of Dioscorea quinqueloba Thunb. are as bellows; 1) swelling of spawn

and hypertrophy 2) extraordinary branching 3) germinating inhibition of spore.

From this on, We tested antifungal effect of subdivided extract of Dioscorea quinqueloba
Thunb. and it showed that butanol fraction was most potent of the subdivide extract.
According to the activity directed separation method, the fraction was separated using silica
column and LH-20 column. And Rf value on the spot of TLC was checked. Finally, we
determined the protodioscin by using 1H-, 13C NMR analysis. After that we established the

mass exaction - purification method for commercial use of protodioscin.

We performed the pre field test before the field test afterward. By using needles, we
stabbed the certain part of citrus. After that we infected P. digitatum and P. italicum. 7
hours late, we sprayed the various concentration of protodioscin. As a result, it was most
potent at the concentration of 400 ppm protodioscin and phytotoxicity was not shown

above this concentration.

We tested stability and safety on the concentration of most effect range of protodioscin. It
showed that no cytotoxicity and no acute toxicity in this test. For the purpose of stability
on the distribution periods, we tested the pH stability, heat stability and protecting effect of
UV ray irradiation. The stabilities of above matters were qualified by this test. We used
supplemental agent for settled effect of protodioscin. We chose tween 20 for deflocculator
and xanthan gum for sticking agent. It showed no harmful effect by using supplemental
agent. For antifungal spectrum of protodioscin, we test various microbes on protodioscin. It

showed no effect on various microbes except P. digitatum and P. italicum.

We thought that microbes living on the leaf of citrus are effective on storage disease. So

we isolated and identified the microbes living on the leaf of citrus and we found the 603



species which have potent antifungal activity. From this species, we isolated itrulin 5 in the
filtrate of growth media. In the antifungal pre field test, we treated P. digitatum of 1x 10°
cfu/ml. As a result, it showed 67% of antifungal effect. In addition, antifungal spectrum of
various microbes, it showed potent effective antifungal activity on 7 plant microbes

including Alternnaria solani.

We examined the combinational treatment of 603 species and extract of Dioscorea quingueloba
Thunb. on antifungal activity. As a result, it showed 70% of antifungal activity in the
combinational treatment of filtrate of growth media of 603 media and 100 ppm of plant

extract. It is more potent than protodioscin alone treatment by 4 times.

In the bases of these results, we tested phased field test in citrus test site located in Jeju
Island. It showed no effect because the climate condition in previous 2 years is somewhat
different from average climate. However, as the result of pre field test, we conformed
antifungal activity in near future. These results were filed 2 cases on patent application and
applied to 4 issue to scientific journal includes plant pathology journal as titled 'Practical
Application of Dioscorea quinqueloba Thunb. Extract as a Biological Control Agent’. As
results, we think that it has potent antifungal activity on citrus by combining material of
filtrate on growth media of 603 species and extract of Dioscorea quinqueloba Thunb. and the

great possibility of commercial usage.
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3 3 &5 T AR, EEE FAHAA A 9 RS Hgii(Paster and Bullerman
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71g44&2FQ sodium bicarbonate, imazalil (IMZ), thiabendazole (TBZ), pyrimethanil (PYR),
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mreha] AEAFolHME AFAF A Penicillium PWAHSE AE FE2EE ©]&5 BAS 94
58 o]&3 A7 Al=%3 ok (Costa et al., 2001; Janisiewicz and Korsten, 2002; Smilanick
and Denis-Arrue, 1992). 38+ P. digitatumol] thgk o] B thdt AHFAHS A 7]17] 95l
2 EAXS ZA3}= jasmonic acid (JA; Droby et al, 1999), amino acid$} I HF=AH < B
-aminobutyric acid (BABA; Porat et al., 1999b)9} & Hdd 3g=2] |43} UV (Droby et al.,
1993; Porat et al., 1999a)s} ;= AL E2 A= 5 (Porat ef al, 2000)2] ET| <0 ¥ WA W
of &3k AF7H ZFEEQO%Z]J——’ ATt
F71F A5 AMES FAagsta o
FFS JiEstaat Xﬂ%%, =] 2 Hlg
AA} carbamater] 52 F7IFAE el vl A=4E He AT E s R HTHIT
(Briggs et al., 1983; Huff, 1980; Okada et al., 1980). &3+ ZH %= GA] o] 3t FAo] etz
o] oa Fo AEAZRE BL ¥ A 2L F45 9eH(Alzoreky and Bakahara,
2003; Bishop, 1998; Nikos and Kostas, 2007; Pang et al., 2002; Sholberg et al., 2000) ¥ &
Ao 73 FHAHEE A E AT (Agnioni ef al, 1998; Capdeville et al., 2002; Meepagala et
al., 2002).
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HHE uAE AAVE 2k EARESE AE2S 7 AL, sEhsekd vls) sfdu|rt AE g g ol
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2 AFE= Penicillium digitatumel] 73t o dS 2t JAE o EZES 24t 1 B2
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Periciiium Haficumn Penicilfiun digitatum

15~26.7% 26.5~64%

=Ex : §IF DX APL>

% 52. Major storage diseases of citrus fruit in Korea.
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W) AE FEEY I &4

Penicillium<s A<l P. italicum, P. expansum, P. polonocum, P. solitumol] T3+ FF&AHS
ARE FAsEH. AdH AE FEFEE YYE 5 g/l FEZ FH3 PDAs|RC] 4%Fe
Penicillium%: 32 AAHAFE HF35] 20C 270 57 YA A dAF AF A=SE =
Aol FAHoz gy ~HERS ZASIT

i}

th AwrE A8 229 WXy GFBAY 71T 24}

AE F2EL 1008 F=2 23 F paper discol 50 p¥ HAH thg Penicillium %
TFE U3 PDA ujAlo] 28E3 cdear zoneo] FAHE FES v oA FAF 2
A & BESt dd®E AE FEEO oY 71FE ZAEHHS

%
= | =<1 F hexane, ethyl ether, chloroform, ethyl acetate, butanol <
2 FEZr|E o83 &miEE EEsn
o AL AW BYEIINE o8k ulE BT
p a

A A% & paper disc
. digitatumo] THE Ao &v% =

T

AL FZES w28 o8] n-hexane, ethyl ether, chloroform, ethyl acetate,
n-butanol, HyO&-&-& A% 3 agar diffusion methodS ©]&3le] 0|59 7T AH £FS I
Adstsieh. ol T AEHI FoddE vEhlie AR FQAEH n-butanol ol thate
column chromatography2 <33} th Silica gel open column (70~230 mesh, column
chromatography &, Merck, Germany)& F3} chloroform : methanol (100:0~60:40, V/V)<
2422 WH chloroform : methanol (80:20) fraction2 4~A3}1 SephadexTMARe] LH-20
(column chromatography-8, Sweden)& ©]&3}e] Methanol 100% 2 A4 2 £&3¥1 &
A fractiong agar diffusion methodE F3l A5 FH =Tt

n-butanol & ol column chromatography s F3sle] +AE 23 F YoHE&-S 7stA EHol
= EFo| sty ODS Thin layer chromatographyE <83} p-anisaldehyde (Sigma,
USA)E ©]8, THAIA spotS Slstem, Zt spotd] Ja&HES At Rfghs HstAd
i1, 'H-, ®C- NMR analysis EA2AS Sastgrt. 28 AAE 784 EA] BAFLS
¥ 22 ESI-Mass2 Z7435}a., 'H-'H COSY, HMBC spectrum$ 233l L22 3|43519]
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48417t " F & FEFES A= filter papers ©]&35t 33] AFEUTE AFE
E4L 3 AEEFIE ol &t &wlE &H3d] AAs A FAE SHNAY FTEA
S Fgelstden, 7|29 EF9 &£ A WA "asgk oy dAE agstrls

SR
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=
o
e
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id
op

1) Citrus 215 & WATS &4

AFE g8 Aol AR 7F d Fgusty FH 24 AFIT A5
EWS £E3 &, Nutrient agar Hj Aol ztz}b 3709 AHE &8 30T F27)0) A 24~484]
ot wE & AEARRE FEHe ATg fdsta, 2Ed #
Nutrient agar#] |2 oj2] Az Adisted &Y F2Us Rsart 289
glycerol &N of HE3lS deep-freezer(-70C)oll R &3}

EAHTe A

Tl P. digitatum, P. italicums PDAW|R] “Foll A T 2w}

ANEe] FTBHLG 2= FEFFE 13 HLsith 408 487L 165 DNAZ

Primer% o] %, PCRE %3] FZ3 t}2 sequencingdlth. Nucleotide BLAST searchE %
A fElT 2 oujokel &olshkA] e TwFE Adsta B ATl ol

v Adrd WAATE 57

NA ujz]do] A<l colony Hej&4 2 3k Ha
gteto] o]Fo] Hom, HZ eI} §AEE AT o] o] Al-&-%= API kit(BioMeriex,
France)& ©]-&ste] Ages BAS sttt 28 £ o HEs 2485 98t 2AAE
&3] 2AHS TP ST 7| & 16S rDNAS Primer 27F /1492R
(AGAGTTTGATCMTGGCTCAG/GGYTACCTTGTTACGACTT)E o] &3] EA® Aol
Fe A, Bed 548 EUR Bacllus & Aoz IR1ge] wet 2 &9 F FH o
Ag4s  FdstzA o gyr A fFRA BAE fstd gyrAf /0 gyrAr
(CAGTCAGGAAATGCGTACGTCCTT / CAAGGTAATGCTCCAGGCATTGCT) PrimerE ¢1
Tl AHE-sHTt

Za)sle] 7B A FE|F EA sk
_1‘|§'_|_

l‘J e o

o 4% WAz e 7%

WEA] HAE AHT P digitatumel] 3 ZdATe] FTBAY SH4S BF7] A8
v k& 530 inhlbltlon zoneo] HAE FEo| lactophenolS Hzjste] AHAZ the,
Au & B34 78 S48 EXEAT
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d ] d =
A AASAY. /718 hexane, chloroform, ethyl acetate, butanolg 0]%6}&] z
EE2 EEstal P. digitatumdl] it T AHS el WA FaEAY YAE
of Zdailde MEEPAA 7 A5EITE FIY Molasses broth°1 | HE3st 30°
150 rpmo 2 72417t Ao} &, wjoke] 242 13,000 rpmO 2 3087 AAR el 4
2 022 g filter2 AFAIA wjFARES A O}ﬁotq Hj oFod Aol T
o f718mel W2 £dE FASUTE. o] B £8 F 4o 73 =24 dist
standard & @3} W] w3}l HPLC 42 AAAT)

s AR AAEe A v 24 @

WA zAd we HF Mg ZA4RL Sled Avdom AF WG ASH:E
Luria-Bertani(LB) Broth, Nutrient Broth(NB), Tryptic Soy Broth(TSB), Potato Dextrose
Broth(PDB), Molasses BrothE FA|5}e] ZF vjA|E Fo AS&L ZAIAY. 218 429
A Aol Yekn AgAATI150 rpm / 00N Aaled A Fol 2A

2 7247 Bk 12417 HHO R ZHEA(ODF, 600 nm) ASAEES ZANFYT

%7] pHe| @& 2 34*—‘] z1e ALE flstd HZF vjAR AEE Molasses broth
2 pH 4014 977 27t z3ske] Alrd A2 AT WAL 95T 23
EIRE=s 735013 HFEZ1(150 rpm / 30°C)oll A 72413 FF v kS 8™ 12413 kAo 2 wj o
2 3hod(ODZE, 600 nm) A8 A2

J P. dzgztutum, P. zmlzcumE PDAR) R A} Y
Fr8aTE 13} Adste M2 RE E£8¥ RB2gF7F AEE

fol| 419] colony HENEA B a3 A& Faste] 7] A
sl mloto] o]Fo] Hom, HZT FEHIF [FAS AT &
kit(BioMeriex, France)E |83l Agsty 248 59tk I8l & o AF3 24 4
st EXAET Y BE4S £33k RB29] 165 rDNA FH A= universal primer set$l
27F/1492R primerg ©|&3le] FHaom, o AHE 79 T8 st old Hud =
2ES EQE Burkholderia spp. = glstazt BUR3/BUR4
(GARAAGCAGTTCGGCAA/GAGTCGATGACGATCAT) primerS 8319 recA 447 =
Z 9 £33t (Payne et al., 2005).
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215 WA Alternaria solani, Botrytis cinerea, Cylindrocarpon destructans, Fusarium oxysporum,
Rhizoctonia solani, Stemphylium solani, Sclerotinia sclerotiorum % 7-?2% A&t 97 H
Ay A3A| TS 25 cmZbEA 2.2 PDAY) 2 HAZsYUTE o]E5ELS 25CoA HATFY A
F S wet 7~1547F wgd ﬁ%‘ﬁﬂﬂoﬂ oJg A& ‘%‘%?4 inhibition zone®] Z o]
£ A3

ala B EF AT P digitatume] th3t 2T FTFEA
7] 913l thxu S F3l| inhibition zoneo] FAE F-E| lactophenols *#
e, AuAE BA T AL B

3
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=
o 11
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o

o Jm

) AdATe] HA vk =4 7

AZAT e HA e st Aol ol &t o 2o WE Hd¥e F
stalth WAl A mE HH wjg AL st dubHog Al e ASH
Luria-Bertani(LB) Broth, Nutrient Broth(NB), Tryptic Soy Broth(TSB), Potato Dextrose
Broth(PDB), Molasses BrothE FA|5}e] ZF vjA|E Fo AS&L ZAIAY. 218 429
uj ol Hujorele HEST Qe EF|(150 rpm / 30T A wjekste] wjokel Fof A
< 72/\]7J &<t 12/\]7J AR %Xéé}oq(OD%k, 600 nm) *3%7@ g zAlekled, 7]

(r o

ol A 974A] 7Jr7Jr At A3 ATS HFAH HH7<1 e e =1 g7 5
g RS A

3) 2% WAHZe YT ~HET
A A WAAEe E AZEIe U FE BASL WA s @R P

digitatum3} P. italicum 2709 T, 2d]l AZATS i spectrum FAMS ]3] thEZ QI

25 WA Alternaria solani, Botrytzs cinerea, Cylindrocarpon destructans, Fusarium oxysporum,

Rhizoctonia solani, Stemphylium solani, Sclerotinia sclerotiorum % 7455 AHESIET. 971 H
A7 AYHTL 25 cmrA L2 PDAC thx] HEsIHch 13; 25T A HAT<] *é

A Lo wal 7~1547F vkl gaouﬂﬂoﬂ o5k A EH Y72 inhibition zoneo] Z o]

7h AW AAHE AEE B3 3T AE FEE v 2 AAAMTY 84 1H
A7 gle 3 Y AE(ES 2A) T Y ZoZ2 1 mm Zolo HFAHE 3NE F3,
350 m¢ volume®] Za}~E £7)d 6704 YL =, P digitatumo] TAAEN 1x10° spores/

12 7 EHel AESAT 30T 5 Ao AT FEAH AEFZE 100, 250, 500
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ppm FE] 3 MAL ZHE EH ERSAY A5 AT 603 9 wjFddTt 1x10°,
1x107, 1x10° cfu/meo] wjFe-g Helatdtt 28]z RB2o] A-$E wjoFaddl, 1x107, 1x10°%
1x10° cfu/me A sl APe Ssigch. LA AEE 23C, 7
WAZME ZAREA T
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2 ()= (2 A5 )/ @x A E )10
D0 W 1 1-5%, 20 6-20%, 3: 21-50%, 4: 51% )%
LA %) ={1-(M 2l 7o) LB =/F-A 279 2 E)x100

G4 ATFEET 4% YPAR 2T ol8stel TAHA PAWES Avstn
4E2ETo] EYE AN A28 4G WAATY PAAA PRHs ARE 2AS

ZE-S 100, 250, 500 ppmE== I =
T wgAS HFSAL, dExTe FUEEA G HEFEES FHA ¥ HAE
AFESEE T ©o]E ek r](150 rpm / 30°C)ol A wioFste] wjFd Feo] FA|EES 724)7F
) 2743t (OD3L, 600 nm) o A{EAHEE vl ZALSATH
AEFEEC] 2% AT Aol dFS PIAA ggo] SUgd wat 23 WAAT
7 g AEFEEY EF MY 28Ut AHS B B29] A-¢, wiFAd It HEF
100, 250 ppmq 5@?4 1x10° cfu/m(zﬁr él EF2E 100, 250 ppm zA4oz ztzt &%
E 100, 250 ppm#o] z=4, 1x107 cfu/
g & sttt 2 fReAE &
AlEo] ZHE AZH wAA R M&zﬂfﬂ; 94—5 T WFES ~¥RF
1000 ppmo. 2 Apg-sted ®lwstgtt. WA ZIAE HAGsHr] T A= HH
o FTE AE FEE £ WAATY 24 HE A3

=
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of
114
ol
A
X
+
o
ofr
S

Z/dE4-2 butanol FollA FHou; EF 4Ad] 4olA] e 4E W E =9
TE2 EAE HA @& B9t
ol Protodioscin®] @&
8 F5= #ASH] Qs FEs 2EFE 33 AAd H tray
o ¥ protodioscing 7—}7—} E 2n0E =9 1,000 ppm3}F #jEQ) 2,000 ppme] FEE TE
g o83t ZE FHAel BREAT 3,5 74 Fol 27 2AF WHoR o {F
R, A Fe 3oz FH5 Yt

N
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g, BHzA =2

454 #2435 98 NaHCO; 1,000 ppm3} tween 20 1,000 ppm, chitosan (MW
300 thousand upper) 1,000 ppme] EAHAE A&l @A #HA AP AAEAH. =
gk, protodioscin®] A &EIE FAAIFI7] f8 AR HFFA CMC, Xanthan gum,
Rosin, Glycerol, Starch& DWeol =¢f A/ HZAdo] 53t 10 ppme] F=2 FH|sIL
protodioscin 9 A] DWol| Zof Ao A ste FEQ 1000 ppmz FH[3 & M2 ZTFs}
o P.digitatum 7} P.italicumo] ZF PDAu R A FAF A Asf&S SHsAT

1) He #2289 54 FA(pH, &, UV g4 5 A1)

FgoEZ pHel that FBAEE dotR 7] flst] gt Bdd PDA wjA]9] pHE 3.0-7.02
2 ZE3Ath BHEE 5 g/l FEE wjX|of] £t 58 & P. digitatum-S FFstS o
AR S oA A4S AR AT d2TE pHE 2481A] &2 PDA s Aol P. digitatumS 3%

wd gadd EH 2% gk FHAdS dolR A 5 mg/ml F=E PDA HiAE s
& BFE F P digitatum & FEsHA FAMES oA B AT

digitatums HFst] A S oA @48 A
Aok HxTE SHEAS 24 Ao Yo UV 8 el =EA7|] @al 443 B
g F 5 mg/ml FER EHSH EF5ke] ARE-sAT

g BAMS 915t PDA ulA|o| P. digitatumS FHE3 T 1,000 w/disc =2 BPE
AS AAFS petri dish 70 FEZAA P. digitatumd] thak FAF AL A& AAHS
Act.

) H4EFEE F T2 ARHE AF 2 2EEAY N

Standard E2A7F 9o gxFo|5S wvlmslr] st JIAHERBZEE Tuld  40%
Protodioscinol| A fr&JE 7S <F st MR o 2RE FEI FEAETNY BAHS
vl wsto A}t syt 2+ Beldk Ask & PDAM|A| ) P. digitatum 3w
Aol B4R HALE AP /5, AA
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3) A&F% protodioscin?} Standard EZ¥}2] vl w

7]_) pHoﬂ WE oA AA

PDA #j#]¢] pHE 20, 3.0, 4.0, 50, 6.0, 7.0, 80, 90, 10022 Z}7} %= 8]—04 F2o A P.
digitatum=2} P. italicum-& T2 T A48 0 2 HE butanolo] 23] F&3+ protodioscind}
Al Foll A #u]E = protodioscin®] 100 ppm, 200 ppm, 300 ppm, 400 ppm, 500 ppm, 600
ppm, 1000 ppm FE==Z paper discoll HFdl] 72A17F o] 9] P. digitatum3} P. italicum)
TAMY & oA EA4E AT

v gl tiEk A HA

Fadd 54 protodioscin®] el thEk S dotR 7] flste] JIAHERBEZHH <)
g+ protodioscing B Z7Q! 121°CellA 1583 x|ste] Gt 974 2 53 Ay
< Hrisidth AdEwHe g2 P dzgztutumﬁﬂ- P. italicumE& =3
protodioscin(JIAHERB, chaina)®] 50 ppm, 100 ppm, 200 ppm, 300 ppm, 400 ppm &%=
paper discoll HF3le] 72417 o] %o P. digitatum®} P. italicum] TAIAYS A AL
Atk

A -lol'

o FEEB7L
FI=E HAEE 5t AEo] 10% G| ==4lolnl g
)}

mt, 10% < Lﬁmgﬁ%ﬁ 10 me 2 1% AFstEiagd 5 ¢%% Z
T F 2% FAMEN 20 W ol&3t] AEstRAES —Eralé}oq ArgsteasS Eest
Ao FhEES HESH] A8k AS30 mollM FFEEe] ks Feka TEE AESITH

W IS stk gol2o] A RE FEstel At oA HE =3 whgste] A4
& AMESEAR FE5ha HY9 HEES AdSRELdeR e o
=S 520 mollA SAst= e FFREHS ©

T8 G A HE|EAES R AR F EASH FAA A
AFEsto] L dET 23 oF MH-BAALEFTE EAsAA HEEAIESELRE F
25 FE5H 490 mollA FFEE S8k YRS o8t

of thal otHAdS Hrlslr] 3] vk d S 70C, 100C 2 20837 A3
o7 zAEIY. 2R Ay

Uvel thal obg -8 FAstaAt vkl 80 w2 HH3F 9 mm paper discoll 254 E=
365 nme] UVE 10 mm AzjollA 307 st HstA] @2 wjgdq = ad/d

w3 3 G572 FAstax}t P. digitatumS PDA HjR|o] HE3 T, 25T 4 797t ul
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2 FFE AP TLE ASSIYTE PDA wiA] F 2919 sjAE 10 mm A AS oL,
AT TAF APEe 6037FE 45 cm ATE Fo] HAEZsSYT 79 & AT

inhibition zone A AXE TEAst FLAH FFS AT

th A E =A%}

FAALHIE Y3 AT B4 AP P37 3 A EE mouse abdominal macrophage
cel(RAW 264.7)& A3}t RAW 26479 A =4 A MIT assayE o] &3 A ZA
Z&& 574 st FAdstg=dl o] MEE2 10% FBS(Fetal Bovine Serum)$} PS(penicillin ,
streptomycin) 1% 2 33 DMEM HjA2 o] 5% CO7l THHE 37 CTolA wiokstarh.
49e S8l RAW 2647 AE7 24 AT B MRE F oARoRNH F3
protodioscin®} JIAHERBEZ H-H 3+ protodioscing 100 ppm 200 ppm, 400 ppm, 600
ppm, 800 ppm, 1,000 ppm-g 25} ThA] 24417 BSF w3k F 1x10" cells/wellgHE v
ok®l  96-well culture plateo] @o] &ujo] MTTES H7lst 4 A|F vl & ELISA
microplate reader(Bio-Tak instruments.Winooski. VT. USA)E A}&3}a 450 nm oA OD 3k

2 23T AT 4TS FAHA

7h F(AF)
Sprague-Dawley rat
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D B B

1% 2. Identification pathogen by observing shape of mycelium and
spores from infested citrus. A: infested citrus B: Penicillium digitatum
in PDA media, C: Penicillium italicum in PDA media, D, E, F : shape

of mycelium and spores.

v A B g

Aol A 7 27kA o] BLT o= AFW-E dod= Peniclliums FF] FHE 2|3
KACCER-¥ 57}A1¢] Penicillium<-g £ ol Ay AH&-stATHE 1).

Ir

PG we Penicilium&ES FHE, W, T=, AT F F/PHIO} Ee o #w ohet

A, mts 2 PL S AR Ald T DS FQ Penicilliums QTS |t}

i 1. Penicillium spp. used in this study

Penicillium spp. Source (KACC No.)
Penicillium digitatum KACC41898
Penicillium italicum KACC43474
Penicillium expansum KACC40814
Penicillium solitum KACC40818
Penicillium polonicum KACC41353

KACC; Korean Agricultural Culture Collection center.
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| goEA T 7t =& AR dAEE 101719 oF8 A EdA AAgH s
FFo|¥ o Penicillium digitatumol et FTd&A4E screeningslr] 25t TAMES A
HAES &< 3}915} ztzk el AEE EHVIE A E4st] 44 dxA1Zl £ 100gS 100%
Methanol 5 ¢ ¢l 931 24Coll A 48A|17F AEEjF & FE2E5S A=} filter paperE ©]-83}] 3
3] A7t Oqurﬂ‘ﬂ e 548 3d et I Methanolg 48] A At

E FEES 1008 v=2 A3 & paper discoll HH

T 572 AzsU. 2 dAzdE 48 >
& Th-S Penicillium digitatum & =43 PDA wjAo] £HE 1 J78AHS AAS A7, Q4
£ FZEo] 20 mmo|4e & inhibition zoned FAstH o}lF I3 FTBAHL HYow,
AR, GATGE e FEEL 10 mmo|4 20 mmu|gke] oA, 7inlz, Folety] 259 4
EFZEL 10 mmu|whe] o3 F@@Adol FAAEHUTHE 2, 2 4). wabx P digitatume]
W AES FEe el AA8e B 490l Aee dusirh o shed @A
AAEZFH7} E23 AL =ZEo U =MzFold wAES 3 B} AEFo AL
Festgon, Aikgo BEe 7 37 Tk

AAEL &) &3l ©@3Emk(Dioscorea quingueloba Thunb.)2] B 2 A4 ml&o] 2/ E& 50
Z 5 o|Ae steroid saponing g5t Utk 2B WkeW AEAY AFAETo =z d
AFEE O] ot olH7tA] AEHE] HAA T FgLoz AeH Fe g}

% 3. Photograph of Dioscorea quinqueloba.
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i 2. Screening for antifungal activity of several plant extracts against Penicillium

digitatum

Korean name Inlzl(l)l;lglaon Korean name Inhzl(l))rlltéon Korean name Inhzlé)rlltéon
=YE - XA } oLt -
72 4 - A7 - AE _
A ¥R - H] g - B8] -
A - AT + Ay i
A0 - ol 2w} A2 - 2O )
5 - ERE - o} L} i
AbE % - ErhEl - TFE _
A2 - = - ) = _
SAH & - 2g|u]o} - NESEL i
e - Aol = 2}7] - 2R 5d )
I E LT - o F - e i
L - (F2) A% S i
Bt - T2 3 - Ho|AZ i
ZHuE B 4575 - =} +++
A7) - Y% - T nla) _
B A T . mEA _
A7 H] - FH = - o= -
ke e - AR S - S _
YT - GRS - At} +
STHT - 4z 7] - 2} _
A2 rke 2 - o ShLp - BEC) P R=IDNECY _
] & 7|5 - EUE ; Aba] o] _
7P - TH] 7|V - 2hel =3} _
3 e - A - EIE .
AT - FEVT - ANEE _
G AHAE - o<t . 244 i
o]—u]— - Z:I-Z_L— - ?iﬁ- -
he 2t - A g el - CEE i
TR B - A8 73] - 191 #- = ;
Az - 7}utF ++ B A\ = -
HEo|thE - ZHAEFAY - weslFeEE -
L2z - g7 - T3 }
AFZERH| 0] #] - + el ++

2 - e .

“Growth inhibition was determined after 7days of incubation at 25°C. Inhibition zone: -: 0

mm, +: <10 mm, ++: <20 mm, +++ >20 mm.
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% 4. Screening of antifungal activity on Penicillium digitatum o

several plant analysed in this study based on the mycelial growth

inhibition.
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2 3 7heAol =& ZoE dAEHT 1017FA] 9 oF& A& A
A A FHdo|Hd Penicillium digitatumol] 3l FAFEAE screeningdt A3} ©H-F
nl(Dioscorea quinqueloba Thunb.)9] FZEEANA TAF ASo| o A

ey B ARE 4Ee Slste] TazAll we d¥E §
2 AEAROA A" HAAEH FaER Ti 7hsAdel =

°ofg AEES FUIE FEotY AFH I Penicilliums gF5 o|&ste] Hry AFZH F
7} AEL $HSATHE 3, 2 5). 2B A B Auk(Dioscorea nipponica Makino)o| A = &+
gl =4 vEigten, ot W golr sAaFgoly wAlaurt e T

i 3. Screening of antifungal activity on Penicillium digitatum of each herb plant

analysed in this study based on the mycelial growth inhibition

Plant Activity Plant Activity
LIRS | BRFUE :
ZuE(E2YH) - =1t b
e SRR R :
MEEE - ofE -
ul5} - G -
HHE EPTE :
e - 3 kel 7] .
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e TRkl Pl =L T bl il
Pass seefin - HukE

27 5. Screening of antifungal activity on Penicillium spp. of each herb plant analysed based

on the mycelial growth inhibition.
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A 712E 2ASH] A FEES Fod
= F9A17l & PDA vl A Aol Penicillium
FeATH™ 6, 7). 25CellA] 543t wj¥st & ¥4
7dstoll Al 400u2 HAS Tl FALSHITH

o2 O d9Es A% Al TAF AR Aol

AEHA AAES FAE BE 2B EEo] BEEHUL, AL EE FAMA o4& v
b vEbsten xxpdote] AAE FEEHG

o
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i
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>
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o
2
i
e
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e

27 6. Antifungal mechanisms of Dioscorea quinqueloba extract.

A: Mycelial swelling and irregular growth, B: Inhibition of mycelial
growth, C: Normal mycelia.
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Cont.

1% 7. Antifungal mechanism of plant extract; Inhibition of mycelium

growth, and spore germination .

AME F2E P digitatum-S ¥ 23 Penicillium% 2] FQ 34 AFHAT W+ 72
A HAE AR LE W, 4F9] PenialliumZ: AZHAT = P. italicumol] thsked 30~50%2] A}
A7 AAAgo] RSl ¥V P, expansum, P. polonocum, P. solitumel] thsix= S oAAavrt A8 1}
ERR] AUTHE 4). 53] F8 g AAHEYT P. digitatumel] SolHo g ZFHEHI i S-S
UER L e, P itdicumol = RA| T S 7EA Qlgo] EAFHUTE e FEELS
7= A& A P. digitatum3} P. italicumol] TS+ P Ao ~HEH

Zz 2 Je 71 s
of HAM Wt 2F 2E AFW PAE FAZ2A JP540] HG EoHAT
i 4. Antifungal activity of extracts of medicinal plant Dioscorea quinqueloba Thunb.

on mycelial growth of Penicillium spp. pathogens.

Pathogen Activity (5mg/ml) Pathogen Activity (5mg/ml)
P. digitatum +++ P. italicum +
P. polonocum - P. expansum -
P. solitum -

* (-: no mycelial growth inhibition, +: under 30%, -+ 30~50% , +++: 50~70% inhibition).

A gogd E49 vl 28 A4S HARstaA &l B8 o AEEs
skt

ZFEES 47 S8l AEAE mhfst] dx A2l A 10g& 100% MeOH 1/ ¥ 48
AlZE B ' Wi ke th filter paperg ol&3t A1, A AAEEIE <&t
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| E &As] AAs AT o] EA 2 2 0]43}9d hexane
= Zo ®Ho} 249 8ujQl  ethyl ether,
chloroform, ethyl acetate, butanol 4= & hexane?] {3} TUsIA AA|ste] z4zte] Lud
e AUt olo] §HiEe A AAEFTIE ol&sl sFcL HF Im/r o] FEFES &
AUk ok Z2 WS T doxl §uiE FEES FT ellA paper discoll FHA kAL P
FP g &4s AAsAT. &4 HAH ZF butanol
EFTHIE 8). ©] Butanol £3E& HY %35t
o, P. digitatumel Fo&HE YeERE H4HE
9] butanol fraction2 silica gel open column (70~230 mesh, column chromatography-£, Merck,
Germany)2 $3}9] chloroform : methanol (80:20, V/V)ollA 73t gtEAde] B3-S A
t}. 2 % Methanol : water (60:40, V/V) S0l & o] A3 £ U HA L3 BF3
H FHEAS VYElE 28 A duEd 2SS 2. 2EE 398y E
4L ODS TLC plates ©l&at 2u A HAI 5 =2 287t 7P 2 o] Fx 80%
methanol2 A7]-&u| & A}E3}¢] chromatography 3+ F p - anisaldehyde A]eFo. 2 HhAA]
Zth UEbd spot2 EWE prep TLCE o] &3ty IFFFAEAS A3 100% methanol
of £&AA HY FFSI FEIGoH, FoEAHS AT 2 R 059 spoto] Fa&Y
al

off

digitatum-& =23}
fractiono| A/ 7} 7€
g zAg =

)
>
=
,
ox
=2
ffo
-
off
Rl

=
T

—_

i

1% 8. Antifungal activity of each solvent fraction extracted
from 100% methanol extracts of Dioscorea quinqueloba against
Penicillium ~ digitatum. A; Control, B; 1: hexane fraction, 2
chloroform fraction, 3: ethyl acetate, 4: butanol fraction, 5: Hl

fraction.
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Dried the plant rhizome(100g)

100%EtOH
100% EtOH extracts Residues
Hexane Chloroform EtOAc Butanol
(1.22g) (281g) (564 (089

— silica column chromatography
Chloroform 80%(4.2g)

— Waters Sep-Pak® Vac

Fri~6 Fr7~16 Fr17-33 Fr.34~64

= (0DS TLC (80% MeOH)

Antifungal compound(812mg)

a7 9. Scheme for the isolation of antifungal compound from

Dioscorea quinqueloba against Penicillium digitatum.

FagEY F2E4

E29 open column chromatography$ silica gel= MERCKA}S] Silica gel 60(70~230
mesh, Germany)S ©]-&3}% ). butanol E&oA dojx E AL silica gel open column
chromatography & 33 23 Id&HS Udellis &85 320mg A3Uth o] EdA &
HFEAL FAS7] 8 F2E 24512 'H-NMR, C-NMRS A A5+t
g2le 918 LC-MS(Liquid chromatograph / mass spectrometer)S ©]-83}
1100 series LC/MSD(US.A)E A3t ™ 11). 4 ZAx g7844e 2t
I 722 A = 213 Protodioscine 2 THHJTHZH 12).
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28 10. 'H-NMR, C-NMR spectrum of antifungal compound(upper : Proton NMR,

under carbon NMR).
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CH;

I
CH,
il | R 1
J. LlJ.__L s | | | e
Total :
11 pratemalad b | Ul i |
) L | L|l}||| 1 | I 1dd i

a7 11. LC-MS spectrum of antifungal compound. Molecular

weight of compound were calculated. (=1049.4)

1H-'HCOSY

HMBC

18 12. Result of Analyisis by 'H-'H COSY and HMBC, compound was identified as

TN, *

i

wAM

-

steroid saponin (Protodioscin).

HO O
H 5
- 8.0 g R 1\'
HO HO' 4
.o -
HO, e {+]
]
HO 2
-E Me
S
2
= aH
I
= R OH
R B
o g 2 .
k [+1:}
oH
s 2
Protodioscin

_43_



o]

=

*q od:rLX]-‘:

N
T

T

L

]_

OTmﬁoﬂLtuﬂ
o \mﬂ_ ,_.ﬁm:‘._ 5 o 17_A| o —
_I_I E._oﬂ .AL_W_E_uﬂAr_._
%M%HE_E&” d.__%ﬁ%ﬂm_ﬁﬂuzoﬁa
5%%5?% ﬂL__mw&o_E&iom e o
ER mﬂqﬂ%w%ﬂgﬂwifﬁg
[y 0 1} — r — o —_
:_Wﬂﬂﬂ‘l‘l__/“ E._ﬁa._ NINJOTOMUQWLXQOWTHOL_LHH_/HHXH U.ﬂﬂﬁc._nll
%ﬁﬂ%@.Wﬂ%%ﬂﬂﬂ& CEGE P E_Em#o_.m__odﬂm
qﬁwg_o_l&mma%&o_agﬁawaxummom ﬂo_l_ﬂf%%mwm
— ol ne —~ = = —= e}
ow‘ﬂﬂﬂmﬂ%zl_7nwuu_l1__/lx1_g_ou_m__e__u _._._._on_o,Mﬂ,._,_.A_uWu Wﬁﬂlz_omum_ua/eo_ac
imoLmL_Lmﬂiﬂ.@__dﬁ_.wﬂ&xmﬂdl mmmn_rouxi AaLw.tmmJMMoL
4&%@ﬂ£%%fwa@%%@g@mggw TeTiiivey
1l x S
R TP SN TR L zef o 2EngE
T TRCE i v ® _molXs TERZ g w O
vl H_l A_l O_E e .I.VI o _._.__ E_E w ® ‘Ul 1_._4 & o7 ™ H_wo <} o}
o I ng%%hig m e @1__4:_&@%0_3
__e%i%mmd.ﬁamﬂPﬂnWEUr%ﬁmH.w?muiﬂﬂlﬂl XL@MLNN% Gy
qﬁh:_m_o_uxHLLlﬂAuL7h ° Hoﬂ_.A ﬂutﬂﬂ.ﬁ o_eﬁLﬂLyuﬂeMcﬂL%
WH%%O_EEW mmmﬁ@%gw_ z@o_uwﬁoa i o R
AQ%WQﬂME%z#%%ﬂﬁﬂ%%ﬂ];% _nﬁﬁmmm,%%mﬂ%%
vmoo_a71e R = o - 7o ) 577 B L A > o
%%@&?HOMWM ;Ta%%nwﬂ_rgmﬂﬂﬂr zw%mﬂ@%%%
e 0 — <t Ic®
L_H%mnmtu@#%ﬁiWmatﬁ_/ﬁ&ﬂ%ﬁowzio o_LEMMurmowmA;a
e P Fiz T3TisTe ! LTI EES
Cw T 5 o L Eo]amtgoﬂﬂn_aﬂrWLio_m %L_og_o,@m A
%%%ﬂ#ﬂgkﬂ%A %W%gga%gaﬂ aﬂﬂa%mHW%
o_Lnﬁufﬂm@;_a ﬂﬂ]ﬂomﬁﬂ%ﬂm%%o_a o W %ze_amﬂcsmﬂn
N o T %io_aaﬁ_xd%z 2 P%aﬁ_ﬂ - ﬂrlllﬂomﬁf
X‘ﬂl.ﬂArL .A]F_;T|1_.L,A Q__r_ﬂ_.A o‘ﬂlo _*oo_z_._ummqm e o
w11%o_aaﬁﬁm _KO_L.E}WE_@}@}%#_ Afeioemmﬂ_;.
E_ﬂzzﬂJuﬂq;@ﬂrlﬁ%xﬁs ST g 4 oJaﬁs)d
%ﬂ}%ﬁ_toﬂn%wﬁ.ﬂﬂoomwo_qu]Nr]ofrxa@J oy %W7a,womNﬁo_E
WE:_E%Mo_Lmﬂﬁﬂ?d.fr%]inm_o_awmﬂlio_a - _/wﬁhd.ov_xwE
?ﬂ]ﬂﬁemﬁwuunmoPmMiivo_ﬂmﬂo_l ZE._@lQ_o M ﬂo_eﬁlbdﬂp%m/wui
@%Wﬂﬂ@%%ﬂ%%o%%%¥w%wgzﬂ B %%m%wqu%
o e E == N 5 g < o ™ o = =W
o) o .mM.Vux (Y Iny 1n_1m.| = T
mjwmﬂo_ao_ao.ﬁnxnﬁﬂwr mooaﬂmmatwwow“:_ﬁmamo wwu wwza@lomcmmumﬂ
L#%%Wrmaﬂgﬂ_x%%ﬂ J%mownovﬁsﬂ u uaﬁéo_alwm£o_ao
I = %o W | < o L3 =2
u_waﬁnnzzoJ_ 2w W RS HE_LH T alh] z]}u_buafnm/__
xﬂaﬁvlo_aaw% T ﬂaﬂ#% %A__omghe > T
i _ﬁ_uréﬂzo LW % < 5%%%@: A
LAL_.__oﬂ_,_Aquq_m;A‘_._onno rE _1__9.271_ B B %omMo_
_rﬂAl,._Uj_ﬂ__oﬂ_ou ‘_n_ﬁ_v.O _:_H_._dle_aﬂﬂon_oacmma
o o 1_.1_|r Cr ol
. 160 o) ‘Aluﬂhlor
£3 uwwlﬂLﬂ.mh.wa_ﬂ_
5 AW © g
7O_E‘MIW\‘LH__1%

O]_g_

=

=

- 44 -

E
mi prep TLC

(e

=

Fel Hehd spot

°

2

o]o

=
=



FAEAHE 2T S FAFATHH 13A).
7]& H}

= 1 =

ethyl acetate®} ZTA|A ethyl acetatet} Y& FAo] EA
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A Diried the plant rhizome

}~ 100% MeOH

100% MeOH extracts Residues
Hexane Chloroform EtD4c Butansl
= silica column chromatography
Chioroform 80%

— Waters Sep-Pak® Vac

Fr1-6 Frl-16 Fel7-3 Fr.4-64

}—- ODS TLE {$9% MallH)

Antifungal compound

B

Dried the plant rhizome

100% MeOQH

Residues | 100% MeOH extracts |

| | |

EtOAc (residues) water (residues)

| Antifungal compound |

27 13. Comparison of scheme for the isolation of antifungal compound
from Dioscorea quinqueloba against Penicillium digitatum.

A: old scheme, B: new scheme.
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& FRetd AFHo= AYEAQ Penicillium digitatumo] W FH5EE e
He A FE289 tFPLE flste 1Kge dxd H4H8-ES 5000 wt 1

2ol ¥ 24Tl A 48417 ' wjFT o]F FEE2
sto] 53] oFEglen, o3E EFE 200 Y AL EEIE o
200L g AFE=F7INA TEAX =AU

Q]

e

2 A FQ PQlo] FHe= i HAAA P digitatumT 2} P. italicumol] T 2
ZEY Fo4AE Z2AEA MY 58 davEE UERE J4HEY] butanol FEE
A1 A3} protodioscino| @k AR o&te]  P. digitatum3} P. italicumdl th3F 3t
Uehte Aoz A}, wEkA protodioscin ol#te BAEA g I
olr 7] 9sle] Al I Protodioscing FU3E AL standard®2 APL 3
(2% 14). JIAHERBE®E Tuj3+ 40% Protodioscin(JIAHERB, China)e £ © %
Protodioscing  ©]€3}11x MeOHS &ujZ 3 AA|A C18 Waters Sep-Pak® Vac open
columno A Fi&do] Yehte £85 sty a8 4E4dS 2Esgt. 22lE g
g4 E4& ODS TLC plateE o]®3te] VERY spotS EhE prep TLCE o], T2
25 FA8L 100% methanolell §&A417 thF A% =8l HFHoez 24 7
SATE 71&o FEEA e E Protodioscint Z-& Ry 058 He BES F7st9 AY
of AMESIHT. A% EFL MeOHE 1000w] 3]243}e] paper disc assaydr ZA3} o3k
Protodioscino| A= 22 ad #A45S SAstATHZH 15).

ook

ook v ool

oo off 2w

i
i,
Mo
"
o

AC)

2% 14. Extracted from Dioscorea quinqueloba protodioscin(left), JIAHERB's 40%
Protodioscin (right).
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I3 15,  Antifungal activity of
protodioscin standard material.
=z}, B A4 protodioscin o] €A
protodioscin  olgh=  BAHEA WE FIEAL Folry] Slstd Wago 2R
protodioscin®Z3%+ 7 JIAHERBZHE 1¢38 protodioscing TDWe| =of z}zh 50ppm,

100ppm, 200ppm, 300ppm, 400ppm, 500ppm<e F== A|ZstPe™, P. dgitatum3} P.
italicum©] 3FH PDA wjA]ellAl A A As)&S SAIATHIH 16).

P italicum

P digitatum

P. digitatumell T3k protodioscin®] TAL A AHsee FAHI A GAlA FEIF
protodioscin®]  73-¢- 50ppmol| A 21.3%<] TAF A AAE Ho JIAHERBZRE T3

_48_



protodioscin®] 50ppmol A& 42%¢] A&z thv] 5189 FAF AF oA AHE Ve
ot 23y 100ppm o]del FEoA= HT 6.3% TAdo] oA AL
AEH FE25 AL 7193 F2E AL 38 Aold @E Zoz motEth(2Y 17).

P. italicumo] THE protodioscin® TAF A AL FHI Zdes FUd A=
50ppmell A BT FAREE oAl &t veEhdA] @tk @AtelA FE3FF protodioscind]
100ppm, 200ppm, 300ppm, 400ppm, 500ppm ol A= 34.6%, 45.8%, 56.4%, 62.5%, 62.8%2] T
AMES A7 UEbt e, Jiaherb2FE F43F protodioscing 100ppm, 200ppm, 300ppm,
400ppm, 500ppm oAM= 355%, 47.7%, 60.1%, 61.2%, 63.9%< TAMES A7} veEh) P
italicumo] ™3+ protodioscin®] TA} A AMsaFE gL Aoa FALJTHH 18).

80

60 -

40 -

20I '

0 - T T

50ppm 100ppm 200ppm 300ppm 400ppm 500ppm

® protodioscin(Bioshield)

® protodioscinJiaherb)

Inhibition rate(%)

% 17. Antifungal activity of protodioscin against P. digitatum

60
40 H protodioscin(Bioshield)
B protodioscin(Jiaherb)
20 -
0 T T

50ppm 100ppm 200ppm 300ppm 400ppm 500ppm

Inhibition rate(%)

% 18. Antifungal activity of protodioscin against P. italicum

v ] A} protodioscin®] ol T

o

/\E]

dd= Z

flo

Fx 9 protodioscin| A= P.
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digitatum W] P. italicume] T TAIAA &E&F7 BT 725% FAGE AL AT

olg| gt Aol wiEl AF HrF 2 AFIE 918 Bl P digitatumo] HAstta AEH,
w3 @AY 2 AFSE fIA= protodioscin 200ppm o] 4¢] FE7} AME-E o] Hof 3}A
FAE 93 BzAe] &4 2 A7t Fasitia HrbE A

oo

o

7h. Citrus 215 & AT 29
AFzolA 770 Tt 8 TFo 2 H
19). AFSE citrus Y& FH &5
I gL T)olA 24~48/\] /30T FF vtk AEAZREH e AlEE Nutrient agar
Aol A, F 21709 ATl EE AT 7Y e 2HAA Ut dFE ER/S}
| #18l 1~774A] A X}E] WS E WMo g AR Fostn Y Aot do Ae o=
cAHE Aotk EE WATS AT ®olrt & dojvts 544 20% glycerol 8-
2%l ATFE HEFSAY 40%  glycerol :Nutrient broth ®jokds 1:12 E3Hah]
deep-freezer(-70C)ol B#steE F 712 dej2 BASATh

S H citrus Yo ZRE YAT 28E F549th
% Nutrient agar wjA|o] Z}7} 3719 4E4 FHL &

AL
o & % W
o]

N

% 19. Used in the experiment of seven citrus leaf.
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3 E 21709 WA TS PDAvYA] Aol P. digitatum, P. italicum=} T ¥ %S AA|ste] 2
gapgo 9% A PS FAAS dUdsidh AF A 2109 T F 709 #F7F dear
zoneS FAFYPT. AgHE FE&HTE 165 rDNA2 FHZ8 23] Universal primer 27F$}
1492RZ PCR FE& A3ttt €ojz PCR AHES (F)rtzz Ao 2 &3t sequencing
sho], Ate #8729 G7IAES NCBIo|A] Al&3st= Nucleotide BLAST searchE 438 5}
2AsH Y. o Az ﬂ%%%ﬂ Zol Bacillus4:e] wolew, 1 F 4709 Mol

7 B. pumilus, B. cereus<} 99~100%<2] match7} &A=
A8 HAAE =ol7] A8 AF AFAAE A
BFATE In vitro ol A9 &g FAstr] A8 A]
A F AAFHANA oS Holes A F <
S hEAHQ gE AAWQ P. digitatum, P. italicum
7} PDATH]A] A tixufS 53l dAMISA E7E ZAEST 3709 dodAs
¢ =2 HAHE ‘4’5}144?}1‘—4'(3——}_ 6, 23 20). §3], & #A=E XV‘]'H:‘-FL P. digitatumol 7t
g9 FTBAL Holn FF9 AR EF WE 03TFE AYTFE Adsich

U

¥ 5. Assumed identification of bacteria isolates from citrus leaves collected in

Jeju island.

Antagonistic bacteria isolate Assumed identification
102 Bacillus  pumilus
204 B. cereus
205 B. cereus
404 B. pumilus
601 Paenibacillus ~ polymyxa
602 P. polymyxa
603 Bacillus sp.

i# 6. Inhibitory effect of 3 antagonistic bacteria from citrus leaf against mycelial

growth of 2 citrus postharvest pathogens

Citrus postharvest

Antagonistic bacteria Inhibition zone(mm) *
pathogen
601 9.9
Penicillium digitatum 602 10.9
603 11.7
601 9.9
P. italicum 602 9.8
603 9.6

‘Growth inhibition was determined after 14 days of incubation at 25C
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Penicillium digitatum

602 603 Control

FPenicillium italicum

601 603 Control

I3 20. Inhibition of mycellial growth of Penicillium digitatum and P. italicum by 3

antagonistic bacteria.

o A WA T

AdtE 60379 3 TS QA NA wjz] Aol ety EXS #23 27, 603
759 colony?] FE|= undulant rounddt cream Ao g FAEFQow, a7 A T Fs}
A G (x400)8tell Al 13 FAde] T FEIE EATHIE 21). 497149 gpstEe] $E o
B= E3 Baclluste SA3E APl 50 CHB kit o]83te] 248 Az 48 Z2u4
AR 2AZ bY 9e AEET UE BadllisS3 SARE E40] FASATHE 7). &
o Ags 54S St BARETH BAE st gyrAf [ gyrArE @7 AE B4
S35 (Chun et al, 2000), FAI=E A3t ZI} B. velezensiso} 99.9%9 =& FAIEE H
FoH2d 22). HZ AFoNA B. amyloliquefacienst AP T} F-HF o] FALS B. velezensisZ

B. umylolzquefuczensA EF8H ooz Bk vl Qe (Wang ef al., 2008), 603dF<= &
ey, dgtatd 54 g SAMETH B B. velezensis¢t =& FAIEE HIJYSEE,
EH o7 B. velezensis® &7 3}1l Bacillus velezensis 6032 T T 3}t
nAEFo g 754 de I AMEE Bacllus spp.e =S WAEZA HAAHEF UV, &,
f718m, Ax Fo FxHdAME AFAHS 7HAH AEo] Theddd wet =& FAEE 7T
A FF2 o] AFFHASE FFolf. B AFo A HatE B. velezensis T3 0|23 A5}
= o

slgol we 2F Aotz AL A B 4L

nind



a7 21. Optical micrograph of bacterium 603 with Gram reaction

(left) and colony morphology (right).

i 7. Morphological, biochemical and carbohydates fermentation characteristics

using API 50 CHB kit of 603 isolate

Characteristic Characteristic
Physiological property Sorbose - Trehalose
Colony morphology Undulgg’;rgound, Rhamnose - Inulin
Cell shape Rods Dulcitol - Melezitose
Gram reaction + Inositol + Raffinose
Carbohydate Mannitol + Starch
Grycerol + Sorbitol - Glycogen
Erythritol - Adonitol - Xylitol
D-arabinose - Galactose + Gentiobiose
L-arabinose Glucose + D-turanose
Ribose + Amygdalin +  D-lyxose
D-xylose - Arbutin + D-tagatose
L-xylose - Esculin + D-fucose
Methyl-B-D-xylopyranside - Salicin - L-fucose
Methyl- g,D-mannopyranside - Cellobiose +  D-arabitol
Methyl-a,D-glucoside + Maltose + L-arabitol
N-acethyl-glucosamine - Lactose +  Gluconate
2-keto-gluconate - Melibiose - Fructose

5-keto-gluconate - Sucrose + Mannose
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Bacillus pumilus (EU138655)

B. licheniformis (AF272017 )

B. tequilensis (EU138625 )

B. vallismortis (AF272025)

100 | B.inaquosus (EU138633 )

45| | B.subtilis (AJ586399 )

100~ B.subtilis (AJ586408 |

100| B. velezensis (EU138632)

o9

] ]
| % |

603

1001 B velezensis (EU13862T7)
 B.amyloliquefaciens (AY212973 )
68 "B velezensis (EU138612)

| B. mojavensis (AY599914)

100! |
0.1 B. atrophaeus (AF272016)

1% 22. Phylogenetic tree based on gryA gene sequence comparison showing the position

of 603 isolate among related species of the genus Bacillus.

, ol TALe] BEFo] #E Q?i‘:}(la 23)

= TF B. amyloliquefaciens2 58 73S % Fis

o] v tf % , & NS QO]E] Ll -rr/‘} A B gFeAE o
=z H
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1% 23. Antagonism of P. digitatum in opposite culture with 603 on PDA.
A: Mycelial swelling, B: Cell lysis.

oh 2% AT AH o =AY

AE 57129 wjR|oflA 6037 ASHBEE Hlwdt AT, 2447 wjF Fo FX|d
gy o] &E1 Y= AT vldg ulx] Nutrient brotho] /] Xt} molasses brothol 4] €%
=& 271 A wal molasses brothol| o] &3 A F Ao BEEFJoH,
molasses brothol| A 12~24 |7t Afojol] FAl # &S Holm FIZHQ F AHKo
FHAh(aE 24). =3 Ao AL Hl 27| pH 4~98 A Z ZE 3 molasses brothol
T A5E #E3 Ay, A7t 2 pH 4~594 A AFsA] EJon gl Aol
72 pH 99 M= A4 A52 vkt 3 pH 6~89 4 WA T AHo %
A dojrem, 53] pH 604 713 A&o] At (g 25). 2 Ay Ans 8}04

7] pH 62 molasses brothZ 6037 FE AFHo 2 AAakslr] 1 =k kel HF 27
2 2733t

_YH
o>

0O

rum Hir > JlmgL'_
by ol

IOI‘N'—?L—'—'LW

12.00
10.00
200
=3 ~4—Molasses
o
o 600 —@—PDB
o
NB
4.00 —r—LB
TSB
200
0.00
6h 12h 24h 36h 48h 60h 72h
Time

1% 24. Propagation of 603 isolate in five broth media (Molasses; Molasses
Broth, PDB; Potato Dextrose Broth, NB; Nutrient Broth, LB; Luria-Bertani
Broth, TSB; Tryptic Soy Broth).
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7.00

6.00
5.00
400 —+=pH4
=]
2 —®—pHS
[=]
o H&
2.00 5
= nH7
pHE
2.00 pHS
1.00
Q.00

1% 25. Change of propagation of 603 isolate according to the initial pH of

Molasses broth medium.

N
=)
ox
i

off
12
lo

fru

£
oo
N

4
olr
rok
Jo
oo
>,
Ml
o
1
N

4
o
2
Se,
oft
oxl

‘%ﬂ il‘%Ei WA l'?:ﬁ]% Fystnh. EdF HAA

%%LT%‘ 1=} ﬁeo}oq HEZEEH E3F RBZ‘ELT7]' Al
vzl ol A round, ivory, glossy3t colonye] HE|S Eorw, 23 g4 & (%

400)stell A TS Ay, 27 549 T FEVF BREATHTH 26). A3EtE 54E API
20 NE kitg o]&35te] EA3 Ay 2 §8 dAsAdez FE¥3 Q= Burkholderias 3}
A AR A, ABSHE SHo] SAHATHE §). RB2FF9 165 (DNAZ 243 A
Burkholderia vietnamiensis9} 99.9% 2] FAIES HYtHTH 27A). 22 16S rDNA 24 Z
3}i= Burkholderia cepacia complex$}e] F-AF=7} v]-$- =olA Burkholderiad ) & ol o A
gt Aol 758 recA F-AR] AVIME BAS AASAAL, recA AR A71AE
S BEA3 Ao AT B. vietnamiensis9t 98.3% 2 7FEF =L FAIEE RYti(E 27B). ®3F
71et Felshy, A3sty EANAME {FAR 2IE BYoermz RB2E B. vietnamiensisZ &
At Burkholderia vietnamiensis RB2Z2 H a9l B. vietnamiensis7} E?}Q-‘E Burkholderia
cepacia complextj o] Al F dF= HAFAH GEF A H HAdst= 7137 E A
HAToz d4HA AfdE EFStL dAd Fagt 47 5= F94- 45—}5‘10] T ol A]
T s =2 FAAS 7H rAEAAR FHERIA AEH BHS B3 . 7
o] 2% F B. cepacia®] 735 w|AE AFAY FAATAZA NEE AlFEHIT 9low B.
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vietnamiensis®] 73-¢- AAuHI} E 3| E 53 /58 nAEEAY 7HA, A A
YA ZAY 754 AT ByE v goog thopdt wHe] #A|AEA AT FEAS B
Itk (Miche et al., 2001; Park

+ M

% 26. Optical micrograph of antagonism bacterium RB2 with Gram reaction

(left) and colony morphology (right).

i 8. Morphological, biochemical and physiological characteristics using API 20
NE kit of RB2 isolate.

Characteristic Characteristic
Morphological  property Carbohydate fermentation
Colony morphology Round, glossy, Ivory D-glucose +
Cell shape Rods L-arabinose -
Gram reaction - D-mannose +
Reaction D-mannitol +
Eﬁ?ﬁggon of nitrates to + N-acetyl-glucosamine +
Indole production - D-maltose -
Fermentation (glucose) - Potassium gluconate +
Arginine dihydrolase - Capric acid +
Urease - Adipic acid -
B-glucosidase + Malic acid +
Protease + Trisodium citrate +
[B-galactosidase + Phenylacetic acid +

+, Positive; -, negative.
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a7 27. Phylogenetic tree based on 165 rDNA (A) and recA (B) gene sequence comparison

showing the position of RB2 isolate among related species of the genus Burkholderia.
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1% 28. Shapes of irregular mycelia of P. digitatum in opposite culture with RB2

on PDA. A: Inhibiton of mycelial growth, B: Mycelial swelling and cell

membrane lysis.

oo Ae WAMFe HH WG 24 9

Al vfokel] dutx e g Jdy AFRE = LB broth, NB, TSB, PDB, Molasses brothE ©]-&
of MRty Wz EREE SWsG 7 ASBEE Wnd A7 27 AFEEE 23
A%, 36A7F ©]ERE]E= molasses brothol| A/]¢] & Ao 71 5stg 4847
molasses brotholl Al PDB brothX t} 8ul] o]4te] ODZt =x& Holw nj$ 2
th(2¥ 29). 2 A(sucrose) AECZ FA%E molasses broth= Z7] 93
A otk AR 24A17Y) o] F 2 FAAAE ] o] 83lr] Boldh iR HEr
ol ¥4 Wty Aolzt wetEnt. 2 HHo AFS H<l molasses brothe] %] pH
4~9 92 243 A3, pH 49 b= T 5o AxstHed, pH 5588 o 4S50
A2 AlZEo pH 8|4 HZA | @ A&o] AU 2|1 pH 99 Hdze] W
ANME ZHAitat ol A&o] EFsIATHE 30). o] 275 T3 RB29| & wjdz12 pH

82] molasses broth2Z ZAAsle] F3 Ao o]&3lT}.

—_—
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12.00

10.00

800

6.00

oD 600

400

200

000
12h 24h

36h

48h

Time

60h

72h

—4—Molasses

1% 29. Propagation of RB2 isolate in five broth media (Molasses; Molasses
Broth, PDB; Potato Dextrose Broth, NB; Nutrient Broth, LB; Luria-Bertani Broth,

TSB; Tryptic Soy Broth).

9.00
8.00
7.00
6.00

5.00

oD 600

4.00

3.00

200

1.00

0.00

S

'_
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—

12h 24h

36h

42h
Time

60h

72h

=+=pH4
~#-pH5
=—pH6
~=—pH7
—+—pH8
=&-=pH9

2% 30. Change of propagation of RB2 isolate according to the initial pH of

Molasses broth medium.
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5. XA FHLE AT 2P A

7h Agde] I &

o,
o
o,

ZE AT o ExEd 9 A%H dFHI A4¥E 9ISt P digataum3t P
italicumol] th3F DA A HE = gl A Fejstn Q= ZerFel dF FAHL ARSI
(o™ 31).

Aol o]8d ZIrAES BF Zzte AeHdded e Z2ZaHAE vEhlo] AluEE
Foll ol &= = kI bl dFel ® Bacillus£el 15F 72 AFES AH8-313

P. digitatum

2% 31. Inhibition of mycellial growth of Penicillium digitatum and P. italicum by
15 antagonistic bacterial

AR AT 15F 9 T 23 AE = Penicillin digitaumd] = A o ZgnAE
b B34S VEWen, o] F (F)8lo]ledE BT F BS87(Bacillus velezensis)o] 7Y =&
FHEAS JEMRAAS. Penicilliun  italicumol] thd 23 &3 HAAAHRZAME  Penicilliun
digitum  ZAZ}s} ol Al Fo ZAFuAEBAAMT FFFol AAHJLH, olF BS87I}
RK1(Bacillus sp.) ol A 7} &2 dd&77 AHHAJHE 9).

A¥ Ao whg} protodioscin@ T HARZEZ =2 A @%ﬂ’“moﬂ g gaaEv A
2 gt ZA] Ao o]&E ZAgguAEL BS87E AT AFZoA dF Ao o]LFH
}.

(o]

—_

ook
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i 9. Inhibition of mycellial growth of Penicillium digitatum and P. italicum by

15 antagonistic bacterial

Penicillin digataum Penicillin italicum
23 s o g4 23 s o g4
16P5 + 16P5 ++
BS87 4+ BS87 4+

P30-3 - P30-3 -
L-13 +H+t L-13 +
KJ-13 - KJ-13 -
RK-1 +H+ RK-1 b+
RK-3 - RK-3 -
RK-5 - RK-5 -
BSK-1 - BSK-1 -
BSK-6 - BSK-6 -
B3 - B3 -
S130-3 - S130-3 -
SNS-2 - SNS-2 -
P15-1 - P15-1 -
SI-115-1 - SI-115-1 -

* (<:promotion, +1mm ©]3}, ++5mm ©]3}, +++1Cm ©]3}, ++++2Cm ©|3}, +++++:3Cm ©]7)

=
'11—}‘\—1

g e RoRRE AFEAS] FEA

it

G EAL AastE #3Fo] tste] Nutrient Brothel] HZslx 30T 33Uz X ehu)ts
3 0.02um membrane filterE o3| TAS E7] 3 vjFIHL 100% Acetoned}t 1:3H|8 =
ZF3te] 24417 B# %, Rotary EvaporatorE o]-83te] F&3le] E4S Ry 2 Flslx
2 Frhad 32).

Culture Broth

Broth Filtrate

‘— 100% Acetone

Hexane Chloroform EtOAC Butanol Water

1% 32. Bioassay for antifungal activity of fractions classified by four

organic solvent.
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6037+ dHd&Ad EEES ETstuA 47FA] §7]8 1 hexane, chloroform, ethyl acetate,
butanolE &3+ 28 7l dl butanolFolA 71 83 dadAdo] FAHUD standard &
Az} vwste] HPLCE 33 A3} iturin ASE FHEJTHZE 33). o] =3 B33 53
< e F o 9Ss B85534 E4o] @ FHY. Badllus & #5352 UG4S 3od
A EAS BHsiy, O F dagdAe AHdES=® ol BiE Q= iturin A= Badllus 4
o 3 IagdAH EAE A Uvh(Yu et al, 2002; Arrebola et al, 2009). & A3 oA
Aozl iturin ASE FYZ EFHE AU Y& Aol EHH 6037 FE Yo fHAE T
MEgoly ek oz Dd AEWel BAE AW AR W3 4857 A8 & YL
Aoz FHEH

___ Dap21inm
lihbu

‘Iturin A5

1000

m &l
m Al

T T T T T T T T T T T T T T
10 15 o] 25 il k) 40 45 50 5 80 & b 7 1) 85 ]

a7 33. HPLC analysis of antifungal activity of the compound produced by
603.

a2k

[e]

o In vitro ZAAANA P. digitatumol] 3 Aol A NaH.COs 1,000ppm3} tween 20
1,000ppm, chitosan (MW 300 thousand upper) 1,000ppmo] B ZA 2 M= gt
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22y =gFeEN Ho e BAEIRE B3 F Je FeE ddste] Aud
HzZAZ NaH,CO3;# tween 20, chitosan (MW 300 thousand upper)2 A}&3}3 1,
NaH,COs 1,000ppm¥} tween 20 1,000ppm, chitosan (MW 300 thousand upper) 1,000ppm
TEE FEE F8ITEEY =P P digitatume] As JAES AAHT 29 o=
g@= Aget 2 Aele HolA &dth(ad ). wEkA in vivo A TAE o HxAe
EFol BHEBAY FALT] FFL FA %7] WRo] BEAZA Aol bt
et

¢

L

¢

—o— Tri—01 —8—Tri-01+tween20 1000ppm
Tri-01+NaHCO3 1000ppm Tri=01+Chitosan 1000ppm

100

8

S 80

5

£ 60|

=

= 40 t

S

=

20 1 1 1 1 1

50ppm 100ppm 200ppm 300ppm 400ppm 500ppm
Concentration( z£/ml)

% 34, Antifungal activities of substances as co-agents

against Penicillium digitatum on PDA.

= CMC, Xanthan gum, Rosin, Glycerol, Starch o], /7]
F3loll HEgFozH, B A T2 protodioscine]
2 REEEI S
22}e) %%@:%ﬁﬂEIWWﬂ%ﬁ /ARl FEF 10ppme] FER F]
protodioscin &JA] DWol| o] ZpAo] A ste F= 200ppme =z FH|S & Az Z3s}
o P.digitatum} P.italicumo] ZFF PDAM|A A A FAF AF AL 3ytEoz =34
o}

I A3} P. digitatumol] ™3 F-2AJ FZA|7}F protodioscinel] H] X &
Helth control¥} ¥l -LS w] CMC, Xanthan gum, Rosin A2l W37} §l

Ju
ut)

)

%
filo
oM
N
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Starch= <F8}7 protodioscin®] ZAggFEo] Foju= AL AT 4 Qo 3] xanthan

gumo] 158 mm= controlz} 2}o|7} YATHZH 35).

Am

P digitatum

a7 35. Supplements effect on Antifungal

activities of protodiosin.

7. AQE A 7@ wAgold PA L
7 EEd WA 5

ARFA AAZ FEFRFEE THstd 2AEEY BA EHE AAEAT E4E
2 . EtOH : water 1g/1ml/8mie] ¥ &2 @4 EZ AA stockS THERL, Ta Ao H4X
517 A 100ppm 200ppm, 300ppm, 400ppm, 500ppm FTEE sl FIAEIE o]%
st AdsA & HolE & EFAT. AES HAE Rl 15704 ol FErlsta,
P. digitatum o< %j+6}7<1 @i BEAS st dxzAls @A A= e WFE
S 2X2ZL 742 10008 FEE At AlgEtith HES FA4E Hol 283 dHE

Sy

Ae22C0)NA 1087 BBE F 2o Saggegd tat A ane 2ASAY. 42
B4 LS FES GANA B HH 2AL BB FAOH, 2 2A 3wE 5

Bkt

AlRdFEd AAZ HES Fstd @4EEY 54 FFoly BAE
200ppm A Fl A 80.1% 9 =2 WAZFE E i, 300ppmef A 100%
BATHE 10, 28 36). AR Alusd HFE, 2FX2FE ARE-ste] B aLse]
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£ 10. Control effects against Penicillium digitatum by using different
concentration of antifungal compound on citrus fruits.

Treatment Concentration (ppm)  Diseased rate (%) Contr(ci )value
50 333 b 20.1
Antifungal 100 333 b 20.1
compound 200 83 a 80.1
300 0a 100
S E 1000ppm 0a 100
Control 23X =2 1000ppm 6.7 a 83.9

- 417 b -

Tri-01 100ppm Tri-01 200ppm

T1i-01 S00ppm Control HIZE 1000ppm AF 2R 1000ppm

a7 36. Control effects of antifungal compound against Penicillium

digitatum in storage condition. The citrus fruits were stored at room
temperature(22C).

U HdE JE F A 29

AE ATe AERFd MAX gFE 7t A 23 24T P digitatum&
1x10°, 1x10*, 1x10° spores/m( 9] LWEZ ZAHE T HITslo] A THFAHL ooz

BhEol FUh T HF TAN ¥, EHEES 24 =4 ¢ EtOH : water 1g/1ml/8mie] H&



2 &
1%
7

4 AA stock (F& protodioscin FX 100,000ppm)S THE
o 300ppm, 400ppm, 500ppm SEE M5t FFAETE

AA3] wE w7kA] JIvd & FA| ARl ol Esiith &4
rstgon, ZEL 1x8 T 1570 3utE oz HHxs}ﬁE} 23 o] mg_q
] FAANARLL, 22T Ao Bast] 2 Ao A =4S HEATKFg. 37).

73
il

- —

fr H
ol

ojf mx N

a7 37. Treatment of an antifungal compound after

Penicillium digitatum inoculation on citrus fruits.

=gy WAe] EXAL WEAF AN BATEY W BA ZH AL 9
S AT SUANE BE AHTolA Wge] Ael Yojux @ekT, B3 500ppm FE
A TE A W wgol olubA grok =AFFl WA vh EAYYL L 5 AN

2 z2AEF 27 110" B2 HE3 AT FE 400ppmol A 70%
B3l wkd, 500ppmell A& 100%2] wl-¢ =& WA aas Bk 1x10°
I YA 9, 500ppmell A= T3] 2.2%REo] Y5t
95.3%2 w-¢ =& WA ans E—}OJE;} F AJTHE 12, 2 39).
olA ™ P. digitatum o ¥ B wf-¢ FEFEE FHE 2AFARNE B
T3taL, 500ppm F%= ATl ¢ = %
HRA] e A GAA o] FE3
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£ 11. Control effects of antifungal compound against Penicillium
digitatum treated with different inoculum density on citrus strored at

227C, 5 days after inculation.

Concentration Diseased rate Control value
Treatment o 0
(ppm) (%) (%)
300 0 100
1x10° 400 0 100
500 0 100
300 44 66.9
1x10* 400 22 83.5
500 0 100
300 8.9 50
1x10° 400 6.7 62.4
500 0 100
1x10° - 2.2 -
Cont.  1x10* - 13.3 -
1x10° - 17.8 -

300ppm 104 spores/ml 400ppm 104 spores/ml

300ppm 10-% spores/ml 400ppm 10 spores/ml S00ppm 105 spores/ml Cont 105 spores/ml

a7 38. Control effects of the antifungal compound against Penicillium
digitatum treated with different concentration of P. digitatum on citrus strored at
227C, 5 days after inoculation.

_68_



£ 12, Disease control efficacy of antifungal compound against
Penicillium digitatum treated with different concentration of P. digitatum

on citrus strored at 22°C, 10 days after inculation.

Concentration )
Treatment Diseased rate (%) Control value (%)
(ppm)
300 44 75.3
1x10° 400 0 100
500 0 100
300 17.8 52.9
1x10* 400 11.1 70.6
500 0 100
300 24.4 47.8
1x10° 400 13.3 715
500 2.2 95.3
1x103 - 17.8 -
Cont. 1x104 - 37.8 -
1x105 - 46.7 -

300ppm 104 spores/ml

400ppm 10-4 spores/ml

300ppm 10-% spores/ml 400ppm 10 spores/ml S00ppm 10 spores/ml Cont 10* spores/ml

7™ 39. Disease control efficacy of the antifungal compound against
Penicillivm digitatum treated with different concentration of P. digitatum on citrus
strored at 227, 10 days after inculation.

t}. Protodioscin &% Aol thdk zpAe] S-oF oFsHd=

Protodioscin®] A #lF =2 ZAE 200ppme] F% o]Ao|Ae] o) tfat s FE= 7
Ast7] fsle 2SS B2 33 FHH H trayo] € protodioscing 242t E 2l E =
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1.000ppm treatment 2,000ppm treatment

% 40. Phytotoxicity for citrus of protodioscin 1,000ppm, 2,000ppm treatment.

8. AUl AAHF 4F& T 2% AT 24 AA

dARAT 6039 zHE A FFoly WAEAE-E AAsy] A HFI el e03TFe] )
FoAd T wjFd FFE ST el @E sHFLETE HFT T FIHEHAS
= B7etn A7 A sjgF Aol 556%, 1x10° cfu/ml Aol A 66.7%] wl¢ ALl w)
A7P7F e THI Y 41, F 13). 221 RB2EF ] sjFoidiw) wjkae Ad A,
gl D= HF o) A 531%, 1x10° cfu/ml HZ|A| 71.9%4) o2 WAI7L7F UERG oo,
1x10° cfu/ml AZAlE 90.6%2] LAFE 2d Fxz ¥ Lol Ao dojupx] go} 54
Zgold wAld olF &I} SYTHIY 42, T 14). B AP 1EE(1x10° spores/nl) 2]

4% saEelFEel 4 AFE F PANE FUP Aajolmz A HelAT oln
o AFEe HadFd =2UtE e Ledsd] B 0 o Aold HAEAE HT 5 UL
Aoz wordE
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27 41. Control effect of 603 against P. digitatum on citrus at 23 G, 7 days after artificial
inoculation. A; Culture filtrate, B; 1x10° cfu/ml, C; 1x107 cfu/ml, D; 1x10° cfu/ml, E;

Control.

£ 13. Control effect of 603 with different concentration against P. digitatum on

citrus at 23°C, 7 days after inoculation.

Treatment Disease incidence Control value
P. digitatum 603 (DL, %) (CV, %)

1x10° spores/ml Culture filtrate 33.3 55.6
1x10° cfu/ml 313 58.3
1x10” cfu/ml 313 58.3
1x10° cfu/ml 25.0 66.7

1x10° spores/ml - 75.0 -

Cont.
- - 0 -
A B c D E

1% 42. Control effect of RB2 against P. digitatum on citrus at 23 G 7 days after artificial
inoculation. A; Culture filtrate, B; 1x10° cfu/ml, C 1x10® cfu/ml, D; 1x10° cfu/ml, E;

Control.
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£ 14. Control effect of RB2 with different concentration against P. digitatum on

citrus at 23°C, 7 days after inoculation.

Treatment Disease incidence Control value
P. digitatum RB2 (DL, %) (CV, %)
1x10° spores/ml Culture filtrate 31.3 53.1
1x10” cfu/ml 27.1 59.4
1x10° cfu/ml 18.8 71.9
1x10° cfu/ml 6.3 90.6
1x10° spores/ml - 66.7 -
Cont. 0 ]

T 2 WAAZT EF A AlelE 727 PdFoz A4
2 #FostnA HF wjAZ AwE molasses brothe]l 100, 250, 500 ppm FE2
protodioscin® #F& £ FF H #79 OD#S 33Ut 6037 F o} RB27F¢te] &
% Hel Aol s Aut x—-l o= A ovgx—-l Jd AL BAThaY 43,
44). o] E3| protodioscine Z A FE wAA &
o™, protodioscin¥} A A FTEE] A o] S%L-ﬂﬂr TAl =5
el olES ¢ AYsie aHAA <

m
r:lJ
N nl
e
-
R
i)
-
jus)

T3 protodioscin®} Bacillus velezensis vjSF o N o] NFavwE FFRlslry] {ste 7 Txe
protodioscing 2|3+ & Bacillus velezensisTS ¥l ¥alUth. 238 4394 FEAE vF} o] )
oF 36417t & protodioscin®} 500 ppm T} Bacillus velezensisE 2|3k FAAE TF] AFS
E38T & 9= OD 3to] 7.621 ¥t Bacillus velezensis®hS- w3t tix ol Ae 628 AR

= AT F Yok =3 £ 1304 A vhel o] mAE AP &It wjt
= FA 2ES AYEE A S 135 g dS

Z7F 2 789 FUME 9 u|st2E protodioscing &3t Bacillus velezensis
Ao W Asanz T T 7 AS FeE A"

603739 7%, oAy} AE=ZE 100, 250 ppmIte] FA, 603 1x107 cfu/mm 2B
Z% 100, 250 ppmy}te] Ao 7 TF A2 stH L& o, 1x107 cfu/m(% FLo FF HEFE
100 ppm Aol €3] 694%2 =& WHAZI7F FALATHY 45 F 15). o-&g—/\é}o] =9
RB27 59 a4 HEFEE ProtodloschJrA 23 HYE Bl Bot 348 #A=F AR
W A7 s Ao s wukEo] wjokeddn AEFEE 100, 250 ppme] ZA¥} RB2 1x10°
cfu/m T AEFZE 100, 250 ppm 2402 EF A 27, vl A3} protodioscin 250

i
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ppm E3 oA 93.8% <] olF =& WAIZI7L SJAFHJTHITH 46, & 16). ol E oA
2 A ABFA FoF AFES AF2Fo HwStY FUsHAY 2EY ¥ EaFoln
Al BQl ZAE g AsEAE Hol dow TE AW tE £8& I8E FAARA =
2 #8§ 7hsAdel ZdEnh
2 AFNA A A3 JATTA AEFEFEY = Adde HEL BH ATy HEF
59 F3EA Za APsle] TS {ol3 F8&449 HEFEFE protodioscindt A IHA T}
o 2L 2FE 7% 75 BHAQ A4 A HE AE HAA AL ThsAdE Z2A F
o aEa @A Evete] 18R rAEEeke @A BAIZLE 50%e] EFE HE ald sk
oo B Ay 2y Ao 50~%%] HAVE B 2% A #F 2 AEFEEYN O Y
2 FEEE FEHUS W V| ol E HAETE AE F UE ASE ADHA H|A
EF5do2A =2 N 7hsgdol ZitE T
9.00
8.00
7.00
6.00
%5-00 —— 603
© 400 - 603+Pro500
200 603 +Pro250
b == §03+Pro100
1.00
0.00
&h 12h 24h 36h 48h 60h 72h
Time

17 43. Effect of Protodioscin on propagation of Bacillus velezensis 603 with and
without 100, 250 or 500 ppm protodioscin. 603 indicates B. velezensis 603, Pro100
indicates protodioscin at 100 ppm, Pro250 indicates protodioscin at 250 ppm,
Pro500 indicates protodioscin at 500 ppm.
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10.00
800
8 RE2
A
g 6.00
o ~@—=RB2+Pro500
4.00 RBZ2+Pro250
—=—RB2+Prol100
200
0.00
12h 24h 36h 48h &0h 72h
Time

7 44. Effect of Protodioscin on propagation of Burkholderia vietnamiensis RB2
with and without 100, 250 or 500 ppm protodioscin. RB2 indicates 5.
vietnamiensis RB2, Prol00 indicates protodioscin at 100 ppm, Pro250 indicates

protodioscin at 250 ppm, Pro500 indicates protodioscin at 500 ppm.
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Combination treatment

Protodioscin

100 ppm

Culture
filtrate

17 45. Antifungal effect of 603 with protodioscin against P. digitatum on citrus at 23 ¢ 7

days after inoculation.

i 15. Comparison of 603 combined with protodioscin and commercial fungicides

against P. digitatum on citrus.

Combination treatment DI(%) CV(%)
Protodioscin 100 ppm 39.6 50.0

Culture filtrate
250 ppm 31.3 58.3
_ Protodioscin 100 ppm 229 694

1x10" cfu/ml

250 ppm 354 52.8
Belcut 6.3 91.7

Chemical control
Sporgon 14.6 80.7

Control 75.0 -
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Combination treatment

Protodioscin

100 ppm

1% 46. Antifungal effect of RB2 with protodioscin against P. digitatum on citrus at 23 ¢ 7

days after inoculation.

£ 16. Comparison of RB2 combined with protodioscin and commercial

fungicides against P. digitatum on citrus.

Combination treatment DI (%) CV (%)

Protodioscin 100 ppm 8.3 87.5

Culture filtrate
250 ppm 42 93.8
Protodioscin 100 ppm 18.8 71.9

1x10° cfu/ml

250 ppm 14.6 78.1
Belcut 42 93.8

Chemical control
Sporgon 8.3 87.5

Control 66.7 -
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A st AA AEE fsted AAF AL
AASFATHZE 47). Protodioscin®}t Bacillus velezensis®] v kel o, LA, HAAE HZH H
£2 ujgsta A AR 88 S5k AT

AAZE Ak A H7tE B2 7152 the Table 17 7 o m zAJH|E Table 187 2t}

£ 17. Function of material used for control agent prototype

Z4 7%

P. digitatum¥} P. italicumell 73t &F A4
= Ad =42
P. digitatum¥} P. italicumol] Z&#8S A4
Z woF o A Q! Bacillus Velezensis 9] vjokoio g g2
245 Ad &4
S AZA dEAHE FASIAL FIE WA G
7

Protodiocin

el

FEAHA st ARgstH dd ZF tween-200] 7HE A
oo
HE F EE 4187 gistel AgeE 23
HEA A7 xanthan gumeo] & E A slstA] ¥ &
sxoz g7 &gol fHAH
£ 18. Formulation of Control Agent Prototype (per 20 L)
z73 o =
Protodioscin 4 g 200 ppm
o5 ok oA (BS87) 4 ml 1 X 10° CFU/ml
EAHAl (Tween-20) 20 ml 1000 ppm
24 (Xanthan Gum) 20 ug 10 ppm

ARE AAES B ZAE WML glom Tkl WA ok un gl Ae gink 4
W AAEE o8l Byl 49 % BF A% A¥L AAsan
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1% 47. Prototype of  control
agents to environmentally friendly
citrus Storage Diseases.

1. A4 9AS AAEsoke] THAE A

o

20103 12¢¥ 19 Z2gFFZE, protodioscin (2,000 ppm)E 67] }Fo] EE7|2 A¥sln
179 % 124 8Ydll st A2 Agad A ™ 48). A48 7= 25Kgd E2t
28 AAE AREEAT ol AR olnsEHUER L Ay o]E 31A1(2,000H))
£ AMESlth A3 dFE 57 protodioscind (F)ulol LA = A A& AL A&

o

17 48. Room temperature storage at Jeju Citrus

Research Station
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A% 1HY F RE A TolM WEFHEe] 0544 0.7%2M wrstdon Azt E3tol
7t ATk A% 2L E HE FHgo] 060l A 13%2H A E AolE YATHE 19).

EF A5 g0 8ot RAEHA IRFozA B A AHE dotrggr. ¥
Fo 74 10Kg? 25mle =H Aele Sdol A oF 302 B AT F
FAANA F 25kgs FEkY H e A LA A ST
A7 2A A UlLde 2E AT HE | ZA 2 e A% 2704
Aole olvizEdE 2dwdel ol B 3G FAANAM 7P ZATE Fokn
(F 20, 21). ARk A FellAe] Rf&o] 2] ¢gof B3] Nt PAaRE F517]
of o}H7tA FEAE g Aoz YzEn.

]-_/‘_\_o] _Q_7]

ol
OEIH

ok
L

W A 270Y, 3HLRANE SAFFol
_A_"—.L__

T A VhdAdE HETE] 5%EE LA
T Heddo] A 4% sz AZHETH(E 23).
19. Storage Diseases control efficacy by spraying before harvest.

HE (%)

2
ol
r\‘
=,
fr
rfo
H
N
s
2
o
AT
o]
s
Y
o3l

5]

-

170 % 27014 &
Protodioscin 06 + 03 09 + 08
A 06 + 03 13 +12
olu|ZElH E ] A A o]
N 05 + 0.7 06 + 04
EF3HA| (Y x)
=37 0.7 + 08 08 + 12

i 20. Storage Diseases control efficacy By mixing with the fruit surface wax coating.

HE (%)

A 114 R
Protodioscin +<+ 2~ 1.3 + 0.6 37 +22
AYHdFE2E +g~ 09 £ 06 37 + 25

oln| s ElHEZ] 2 A ol
N _ 0.0 £ 0.0 18 + 12
EFSA A =x)
oln| s ElHEZ] 2 A ol
© 2514 244 01 + 03 14 + 15
E #x 13 +12 48 + 42
o 10 + 09 32 +15
=37 06 + 1.0 33 +29




21. Distribution rate of fungus on citrus rotting disease after treatment
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22. Occurrence rate and type of disease accordance of storage periods
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23. Climate condition at vyear 2010 during citrus storage
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2T, pHYA A AAFE + 8909 HEg
ok 7zl M52 24 MHEE &Qlslr] 918 PDAB|A] Aol Al thx|ulj FS& 53 1%
@5 @t 29, 93 % U, pH

TR 49, 50, 51). =3 LA FUAL 919
discE F=3 v Aol Penicillium digitatum< 4%
2 gl AoE IAFAHH 52). E EHL2 4, pH, UV € 3 A Aoz &g |
A7} g9 eoz e AP T2o ARTAL T 4 AT

pH, £, %9 JolE Aoz o] 4AEHE & 978y 249 242 3
Y

[

~

o
i

vj Ao A7 B 50uE A3 paper

3t AAdAM FEHT FFEAC] FATE 7hed AolH, AFS " olF EH A
24e A ¥ Oz FAD 5 o 43 A FAVITE 7HE AR F4EH

17 49. Stability of the antifungal compound against UV or day light.

A: UV treatment, B: Day light treatment, C: Plant extract treatment(positive Cont.), D:
Control(No treatment)
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9

LY 3 v : Ny ’ 5
pH¥agoiodiasein pH¥pratadigsen nHS%grotndigadin Heegietodiasen pH *grotodigsein

1% 50. Stability of the antifungal compound against Penisillium digitatum with different
pH in PDA.

7% 52. Stability of the antifungal compound against volatile.

2) 2]&FZ protodioscin®} standard & A ¥}2] B
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7]-) pH°1 | 3k ok A ot

Arg3tE 913 protodioscine] TYPI EAFEZH Y H$o] wal protodioscin®] P
italicumol] thst @ do] F7t2 FHHAUTH ol wet Fodg EZ9 pHell s g A
< Yol 7] 95l PDA wjx]¢e] pHE 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.02.2 Z}Z} 243}
Lo A P. digitatumd¥}t P. italicumE& E=L3 T HAHEO 2 BE buthanole] &3] F&3
protodioscin®}  AlFol A4 Fu]EE  protodioscin(JIAHERB, chaina)?] 100ppm, 200ppm,
300ppm, 400ppm, 500ppm, 600ppm, 1000ppm FE =2 paper discoll HFste] 7247 o] 5 9]
P. digitatum=} P. italicume] TAMY S A A4S ZASHI

pH 207} 3.09] PDA #j A& A zAlol= 74k 202 Q1% wjx] 9] F/d0o] o] Folx|A] ¢
7] W&o F w59 agarg FHUlst] wiAE Axston, TAMYE AAlE/d-S Hiview
microscope(ZA-F-E# 0|9, korea)Z o]&35t] FAIYS @GR =2 AZ=z S F4F
shel AAESTHAY 53).

27 53. Measurement of activity inhibition by protodioscin against P. digitatum

and P. italicum
AArg 0 2 HE 23} protodioscing P. digitatumol] 3+ pH ¢+ A Ad Ay a7 94 7
o] ZHike] =7Ql pH24 Ao A= tHET A % 52%9] ‘g%xi;ﬁ a7 e e
1}, pH 40]388 B HoE &Aool FAHL gJoen, HLHE o2 HE FEF3 protodioscin
100ppm&-E] 1000ppm 7}x] 2] A2 F7hell A HA] pH 4 o] F z7] EA9] &XAo] fA=H o
At BEANEAE FASHHA7] W& pHel thsh kHFFE FAT 5 JATHIE 54).

o

_83_



80

70
60 . =R — S - —
: —~— —*—cont
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T
kG —+—200ppm
S 40 ——
:.% =—300ppm
5 —+—400
E 3 ERm
= @=500ppm
20 600ppm
1000ppm
10
o]

pH2 pH3 pH4 pHS5 pHE pH7 pH8

% 54. pH stability of protodioscin against P. digitatum extracted by Bioshield

JIAHERBZ 28] 43} protodioscin®] P. digitatumol] thak pH ¢+ AdZ3E= HA
B 223 protodioscin? FUF AT Jehigch AR AT 13 107 Bo] Ha

ol pH29] HEYZ AN = thETFAAE 53%9] LA a77F et 9o}, pH 409]
B Pgdog @dol §AHT ow, HEo2REH FZF protodioscin 100ppm¥-El
1000ppm 7} A &) 2] F7rol| A GA| pH 4 o|F z7] E@o] FAo] Fx5 o] FU3 A3
EHE 259 7] " & protodioscin®] pHell thal eHg3-S 318 4 AATHZE 55).

80
70

60 e
; —*=cont

50 —®—100ppm

—#=200ppm
A0, —*=300ppm

—=400ppm

Inhibition rate(%)

30
@—500ppm

600ppm
1000ppm

20

10

pH2 pH3 pH4 pHS pH6 pH7 pH8

% 55. pH stability of protodioscin against P. digitatum extracted by JIAHERB
ArLg o g HE FZ3 protodioscin® P. italicumo] t3F pH SHEA HAE(Y 56) 2
JIAHERBZ B 738 protodioscin®] P. italicumol]l th3dl pH A A ZI (™ 57) 919
AR P. digitatum®] pH <H873 A3 27t o] protodioscin®] z42+8] s A T LFH
HEANEAE AL
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70

60

50 —*—cont
—&-100ppm

~#A=200ppm

40

—300ppm
~—*=400ppm
~®=500ppm

30

Inhibition rate(%)

20
600ppm

“1000ppm
10

e o Py
& <

pH2 pH3 pH4 pHS pHé pH7 pH8

1% 56. pH stability of protodioscin against P. ifalicum extracted by Bioshield

70
60

50

—*—cont
—#—100ppm
—#=200ppm

40

~—==—300ppm
=*==400ppm
=®=500ppm

30

Inhibition rate(%)

20 600ppm

1000ppm
10

pH2 pH3 pH4 pHS5 pHG6 pH7 pH8

% 57. pH stability of protodioscin against P. italicum extracted by JIAHERB

Zzke] pHell theh HAHE RaE FEEU protodloSCmA 784 37t 23 3 JIAHERB
ZXE ;LO] 3} protodioscin®] 100ppm%-E 1000ppm 7tA]¢] =¥ H7A7 7Hake] 2791
pH 2 2 pH 3 dAE tzFAA=E P. digitatumz} P, ztulzcumoﬂ st A&7 el
Bt 7“}4 AN = P. digitatum@} P. italicum®] pHe| Wik oA &S Hh 52%, 42% v}
Eiglen, F49 2de2RHE JAAARE TUHA FASFATE £ 22e] pHel o
gl protodioscin®] FEH APFAZAT A x7]9] #AHGo] fAHe HAAE FUsH
protodioscin®] pHell W&k 84S YFE + UATHZH 58).
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P. digitatum [[§

P. italicum

Fadd 54 protodioscin®] el thEk S dotR 7] flste] JIAHERBEZHH <)
3k protodioscing BHZ7R 121TAA 1587F W5t Foll 93t 977 2 Y73 A
< st AgubHe ALolA P digitatumd® P, italioumE =3I F
protodioscin(JIAHERB, chaina)®] 50ppm, 100ppm, 200ppm, 300ppm, 400ppm FE=2
discoll HFsle 72417 o]|32] P, digitatum3} P. italicume] A S A BAS AN
o}

Protodioscin®] &g F<¢ <57 wWHIs ﬁﬂ?ﬂ Az HAEo2HE FE3
protodioscin®} JIAHERBZHH Y3+ protodioscin 5 dA 7] & =9 F7lo upel A
o] Folz ®W3lE vEehien, WAl E3F Folx —5/‘} ofZ e WHAE vERfo] gA gl
wZ protodioscin®] W3} 7FsAS JERAATHZH 59).

JIAHERBE 5B T3 protodioscin®] |37 F Id58 AFZA3} 200ppm o4
protodioscin®] FE A A 2s WET} v x2S A o] Al A A A
F %52 50ppm, 100ppme] 7% A& A| P. digitatumg-oll that Fad& o] 45%=2A] 87.5% <
a@dAol AaEe 24 FAstPem(2E 60), P. italicumol| thar AR Az} P. digitatumT
of that dAa P AF AT} FAHA AhE AsE<Q0 100ppmell A 86% 35 o
A== Z277F A=A 61, 62).
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Inhibition rate(%)

50 100 200 300 400ppm 50 100 200 300 400ppm
Non-heated Heated

% 59. Apparent change of Protodioscin after heat treatment

60

50
40
30, ® Non-heat
¥ Heat
20
10
0

cont 50ppm 100ppm 200ppm 300ppm 400ppm

1% 60. Antifungal activity of protosioscin(JIAHERB) against P. digitatum after heat
treatment

Inhibition rate(%)

GO

50 -

40
20 1 = Non-heat
" Heat
20
10
(e} T T T T

cont. S50ppm 100ppm 200ppm 300ppm 400ppm

1% 61. Antifungal activity of protosioscin(JIAHERB) against P. italicum after heat

treatment
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P. italicum

P. digitatum

2H(121°C, 15min)

1% 62. Antifungal activity of protosioscin (JIAHERB) against P. digitatum and P.

italicum after heat treatment

A AT Ay AFE] 50ppmzZt 100ppm FEANA M@ 2 A% P. digitatume] TA}
oAA sl Faste AL Fdstilert, olH e protodioscin E/3HH A4F 23 200ppm
ol/Fell Al 50% ol syl Uehte ZAbe HFo B o AF 2 dFNA ]85t
A= 200ppme] FE7F HAsitha SRIE AT wabA 50% o4 ddTE S Hole
200ppm ©]’}e] protodioscin FE=ol = A o|F FasE Wt SAEA F7] o
ol protodioscin®] Follth3h P o] A HTk ATHT

O:

plsh

Argo72HE FE3 FaAHEQ protodioscing] 7] AF-E Q] AE FHLA <
A gk Hrteg 7hestr] flstd Fe5 Tl W3 Hrts FASATHI R 63).
AH& protodioscin FZ&Ed| 3t Fl=E(Cadmium, Cd), F(Lead, Pb), F&(Mercurt,

FFEPS Bt FE(mg/kg)S A&
Boleg Adstggol EAshs aatgolAN HEHE

2% ASERGS FAAGAS

3 2% FHAEY 0mle ol§dtel AGFTLZ LS T Adsig

289t FIEES HAZ35)7] 95t A 0nmolA] = Eo o4& Tl FEE Ak
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1% 63. Heavy metal contents within protodioscin

A AT AP A % protodioscin®} JIAHERBo| A 43}
A3t= 29 13 Ztu}h JIAHERBZREEH T3k

protodioscindll 4] 7}=8(Cd), &(Pb), F(Hg)ol A Z+z}t 48], 414, 226817} FAL FE28
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6037 F2] FAHEZEAL 70T 100C @ AHyd BT ¢-FFolw, 254 nme} 365 nme] UV
ZAL 2o = F2{E] o H]éﬁ Ao gAE EOM ottt el FEY HAAAE
YrE S Holx] gv HFEAY EHEZ JJrDPH;’iE} 6037 T2 F TAHEZAL v FdAde A

?_]__

|
A Fxo FFELS & F UATHE 24). o] EZL d7 UVl ¢F
o] A Buczllus—_',—O] AASIE iturin® GAFSE Ao Z Ve

o
q
rr
rE

AL =Y 5HeR £ 5 e, oy ¢

S BRBAY oS

ol

Iz rle

3
=
=

m101-“ N
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¥ M
2 X

i 24. Stability and volatility of antifungal compounds produced by 603 isolate

Antifungal activity”

Treatment Reduced rate (%)
(mm)
Culture filtrate 23 0
uv 254nm 23 0
365nm 23 0
Heat 70C 23 0
100°C 23 0
Volatility -

Y Antifungal activity against Penicillium digitatum was measured by paper disk method based
on inhibition zone.

1) Protodioscin®] A EZ=A H7}

orAAHIIE 3 HME =X AYLE FH3r] 3 M EE mouse abdominal
macrophage cel(RAW 264.7)5 AF&38lth RAW 26479 AlE E4 AHL MTT assayS
o] &3t AXTHE=ES =74 st FASH=H o] AIXELS 10% FBS(Fetal Bovine Serum)<}
PS(penicillin , streptomycin) 1% & X33 DMEM HIA|E Yo 5% CO7} EX3E 37 Col
A wjeFst . A 8] RAW 2647 AME7} 24 AZF S wjddt & A2 o a2 HE F
&3t protodioscin@} JIAHERBZHE 3%+ protodioscing  100ppm, 200ppm, 400ppm,
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600ppm, 800ppm, 1,000ppm-= A3} ThA] 24A17F FF #jFst & 1x10* cells/well g+
i oFEl 96-well culture plated]] Ho] Lujo] MTITE H7lstZ 4 AlZF vk 3 ELISA
microplate reader(Bio-Tak instruments.Winooski. VT. USA) & A}-83} 450 nm o4 OD
#He S5 AEZ AEEE AT H 64).

120

100 -

80

60 7 H Bio-prot.
= Jia-prot.

40 -

20 -

O 1 T T

100ppm 200ppm 400ppm 600ppm 800ppm 1000ppm

Viability(%)

13 64. Cytotoxicity evaluation of protodioscin using MTT assay

AP ATNME FAF
T3k protodioscin®] F= 015t A7 AZ 2 ARZW I} o] fEHE T
91 200ppme] protodioscin A Eo] 0%l AL AT = Atk wat
A protodioscin®] ol I A e EHo] EA 8= protodioscin Aol F-3f
F2 =8, A Ago] s A

oPr mﬁ N
e
0%,
i

M o
tlo

ry e
0,

S4%7tE Sy 9Uste] SD Rarg ALsHeTh TREE Felelite] meh control
, TIZO2 Wrgla ConTe FA, TIZES 448 F3ES B3] Rolagieh 4971
]

U 13 BAFAT 4 FF, 2EY % Do) o S A=
dastsich 2 YT Y5 A, TR A, Tl A, Fol F 7UN vjY AFL 24
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Body weight I I I I I I I I I

Oral administration(T1) I

Sacrifice I

% 65. Acute toxycity of Animal experiments using extract of Dioscorea quinqueloba

schedule

Body weight —+—Con

320 - —l—T1

300 -
280 -
260 -

240 -

220 -

200 -
Day -1 Day1 Day 2 Day 3 Day4 Day 5 Day 6 Day 7 Day 8

1%  66. Monitering of body weight in protodioscin-treatd group

compared to control group.

W) 75" 574

Ag FEES BT FAT F FHS AAE B, A, HAE HEst AdSF
2 AUTFE Hxod vusdri(ad 67). F7] FA JA xzTd Hlwste] 3, A%,
H7ge] FA dxzaa & zelg BolA sttt
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Organ weight(absolute) Organ weight(relative)

10.00
200 E
6.00 mCon 2 HCon
4.00 HT1 HTl
1
0.00 CEE 0

liver kidney spleen liver kidney spleen

1% 67. Weight of organ in protodioscin-treatd group compared with control group.

e FE2ES AT FAS T 23L& st B9 oA QTS HAASH T AR
E B8l serums AU FAEH dlolHE A7 8] AL THEgATFL samplea 9] =]
sl H=EA ARE IRASHATHIHE 68). 2 A3 2T Husty & Aol Holx| ¢
Ut B AFAA AEER Foo AHE AUt 54 FAE BFEFHA Fgoen O A
15747 AFFA FAFGAEAA g £ Aoz gy ozt

AST(S) ALT(S)
409 - 8 -
300 - 60 -
200 0 4
160 % -

Con 71 Con T1

ALP(S)
300
250
200
150
100

30

Con T1

a7 68. Measurement of hematological values in protodioscin-treatd group compared with

control group.

agla wAEFF e kA AFE dACA 7 AAE 7ot
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13. Protodioscin®]

7}. Protodioscin ]

#E A A
H protodioscine]]
o Xgtell gk 3

2l

1 P. digataum} P. italicumel thdt o
3k Zhzke] A
T F4e AASATHE 2

58 e fEgRS

7<1-E°1 Alternaria solani, Fusarium oxysporum 5 11

£ 25. Antifungal activity of protodioscin against various pathogenic fungi

HeTH

Protodioscin

AdEE

of 4]
23}

off o0& 1>

o U (e o
4 ox

Y
Ar

HeETAH

A

Alternaria solani

Diaporthe citri

Fusarium oxysporum

Rhizoctonia solani

Botrytis cinerea

Podosphaera leucotricha

Cylindrocarpon destructans

Phytophthora capsici

Colletotrichum coccodes

Colletotrichum gloeosporioides

100~1000ppm
(100ppm
w2 g)

100~1000ppm
(100ppm
el d)

100~1000ppm
(100ppm
S A

100~1000ppm
(100ppm
wel A
100~1000ppm
(100ppm
o9l
100~1000ppm
(100ppm
EREk
100~1000ppm
(100ppm
S A
100~1000ppm
(100ppm
ek
100~ 1000ppm
(100
_A A ‘64
100~1000ppm
(100ppm
S A
100~1000ppm

0

1000ppm A &
Tl BT
485% o|s}

=>5%

Colletotrichum acutatum (100ppm 0
EOE:

AH A3} protodioscin 100ppm, 200ppm, 300ppm ~ 1,000ppm F=2 F8 AFHAT
HE 3F DAL AR AT 2 Al o457l 913 200ppme] HESIAE 1159 4
EHATEAA w3 FT FAE JEhA @sterd, 43S S Aty Hues=E<d

_94_



protodioscin 1,000ppm FXoA AlESHATEA Fusarium oxysporum ol s} A gk 5% o] s}
o] ga FA4ES YEhlo] protodioscine] B Z=oll it wAlay 3 HgEi= 7ts]
of@guta #ADASIATE 1,000 ppmolA A&l et FTEATE JERET] o Eell
2,000 ppm ©]/e] protodioscin Fxol w3 F7} AFPo] Fesivtn FAHE £ Qlon,
2,000 ppm o]4e] AFEANA wf- ZsE g G4ZATIE el A AMG 37 BUH5s)
}.

i)

7} S FoEAES EQl 6037 TE AF #FE MEste] Ao o] &ttt 6037
F= EAHS AE AZHELJT P. digitatum3} P. italicum F TFF EFo| ol FEH3 o

Ae Bt a8z 7Y F8 A EWYT  Alternaria  solani, Botrytis  cinerea,
Cylindrocarpon  destructans, Fusarium oxysporum, Rhizoctonia solani, Sclerotinia sclerotiorum,
Stemphylium solaniol]l ™3t 78 13 Z} R. solanicl e = &3 FAF A-]A
b #EEReH, 1 o st AE Hdge] st guEe] FE Aole BRI o
Al gaEdE JEFARTHE 26, 1F 69).

£ 26. Antifungal activity of 603 against two citrus postharvest pathogens and

seven major plant pathogens.

Pathogen Inhibition zone (mm) Antifungal activity”

Citrus postharvest pathogen

P 10.55 N
Pi 8.34 bt

Plant pathogen

As 5.60 ++
Be 3.26 ++
Cd 7.07 ++
Fo 5.27 ++
Rs 9.77 +++
Scs 2.52 ++
Sts 7.08 ++

Y Pd: Penicillium digitatum, Pi: P. italicum, As: Alternaria solani, Bc: Botrytis cinerea, Cd:
Cylindrocarpon  destructans, Fo: Fusarium oxysporum, Rs: Rhizoctonia solani, Scs: Sclerotinia

sclerotiorum, Sts: Stemphylium solani.
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Y Tnhibition zone: -: 0 mm, +; <2 mm, ++: <8 mm, +++; >8 mm.

I3 69. Antifungal activity of 603 against two citrus postharvest pathogens and

seven plant pathogens on PDA.
(As:  Aternaria solani, Bc: Botrytis cinerea, Cd: Cylindrocarpon destructans, Fo:
Fusarium oxysporum, Pd: Penicillium digitatum, Pi: P. italicum, Rs: Rhizoctonia solani,

Scs: Sclerotinia sclerotiorum, Sts: Stemphylium solani).
o 2% feATe g ~HEd ¥ IFF 1%
RB2ZF9| & AZE el tg doddSs AHs0S o &2
2o dagdes BRYew, P oitalicumd] A= )
=

Wtk 8| AgAd] 3 spectrum FA}

cinerea, C. destructans, S. sclerotiorum, S. solaniol|
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27, 29 70). WekA FF RB2FFE FEATHY #F AW W oy B} Eye Ag
3ol PAE b5 Ao F3HL

£ 27. Antifungal activity of RB2 against two citrus postharvest pathogens and

seven major plant pathogens.

Pathogen Inhibition zone (mm) Antifungal activity”

Citrus postharvest pathogen

P 10.51 N

Pi 791 ++

Plant pathogen

As 9.23 bt
Be 991 +++
Cd 8.44 +E+
Fo 712 ++

Rs 6.66 ++

Scs 9.87 +++
Sts 10.54 +E+

Y Pd: Penicillium digitatum, Pi: P. italicum, As: Alternaria solani, Bc: Botrytis cinerea, Cd:
Cylindrocarpon  destructans, Fo: Fusarium oxysporum, Rs: Rhizoctonia solani, Scs: Sclerotinia
sclerotiorum, Sts: Stemphylium solani.

Y Tnhibition zone: -: 0 mm, +; <2 mm, ++: <8 mm, +++; >8 mm.
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1% 70. Antifungal activity of RB2 against two citrus postharvest pathogens

and seven plant pathogens on PDA.

(As: Aternaria solani, Bc: Botrytis cinerea, Cd: Cylindrocarpon destructans, Fo:
Fusarium oxysporum, Pd: Penicillium digitatum, Pi: P. italicum, Rs: Rhizoctonia

solani, Scs: Sclerotinia sclerotiorum, Sts: Stemphylium solani).
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1. 53 &4

7F #A A HAS e FEET O AZWH(SE E9¥WE 0 10-2011-0037250)

U g FEE e IFE Efcte dd AN BAlE =AE(EE 2dWE

10-2012-0036506)
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: Plant Pathology Journal

AL . g SAFZFo|EH, Penicillium digitatum HAZS 43 A EFH FTEZDY
8 2 gogd &4
(Identification and Antifungal Activity of Plant Extract  to Protect
Tangerines against Green Mold Pathogen Penicillium digitatum)

gy a7

AL AEE PAAZA BE F2E A8 A&
(Practical Application of Dioscorea quinqueloba Thunb. Extract as a
Biological Control Agent)

% . Mycobiology

A= e sAFFoTe AESy UAE AT A=WAAlT Burkholderia
vietnamiensis RB2¢] £z & E4
(Isolation and characterization of an endophytic bacterium Burkholderia
vietnamiensis RB2, as an biological control agent against a citrus green
mold

o eI A

AL . AFAZETF  Penicillium digitatum RAZS 43 AN AAM T  Bacillus

velezensis CB32] £2] & EA 79

(Isolation and characterization of an antagonistic endophytic bacterium

Bacillus velezensis CB3 for controlling citrus green mold pathogen caused

by Peicillium digitatum)

Aoz RE HA 792 WEH
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SRHESE S8y 2013ta 5 ASLIC
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