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SUMMARY

I . Tittle of the Project

Industrialization and development of highly evaluated biofertilizer (goods) using

raw starch fermentative wastes

II. Objectives of the Research and Development

The research was aimed to Industrialization and development of highly evaluated
biofertilizer (goods) using raw starch fermentative wastes with useful antagonistic
microorganism.

Biocontrol of plant pathogens provides an alternative means of reducing the
incidence of plant diseases without negative aspects of chemical pesticides.

Nowadays, as the resistant fungi about the chemical fungicides has revealed and
the concern of environment has increased, the biological control of phytopathogenic

fungi by the antagonistic microorganisms is very much indispensable.

II. Contents and Scope of the Research and Development

1. Screening of useful antagonistic microorganisms from soils and raw starch
fermentative wastes

2. Identification of antagonistic bacteria

3. In vitro and In vivo (Field test), antifungal activities of antagonistics bacteria

4. Optimization of culture conditions and mass production

5. Formulations of the highly evaluated biofertilizer (goods) using raw starch
fermentative wastes

6. Control effects of the highly evaluated biofertilizer (goods) in a small system
and fields naturally occurred plant pathogens

7. Storage ability of the highly evaluated biofertilizer (goods) under the different
conditions

8. Application and biological control of the highly evaluated biofertilizer (goods)

on post-harvests fruits

_11_
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= NBRIP agar plate (glucose 1%, (NH4):SO4 0.01%, MgSOs 0.025%, MgCl 0.5%, KCl
0.02% <t 284 UL Z = Cas(POs), 0.5%, pH7.0)S AFE-3F plate assay method= £
JstAtt. £ ¥ v8ES NBRIP agar HiAo] 4 =2 5 30T wjdstaA plate
o clear zoneo] BAH = S B84 A tF 7850l e Aew FAHso A
stdth AAGEfol el B84 QAo THEEdd td A¥E &F EYE mAES
NBRIP A =]ol] HFsto] AHE 7H8A Qe ANSALH ot =S 8
O dExToZe dFE HITSA Fe wAE AHEstden, 2542 KH.POE ©]

&3t 2Hgsiant

nAES o83 AAAARY T R FFSE A= AR AF] Al
B3} HAGoA Y HFAS =L F A= Wl dasi

2 AFA = Phytophthora capsici, Colletotrichum gloeasporioides 2 Rhizoctonia solani
el diste] F2 I BAAS dEll= wjdds 4T 5 F2R360A 10047 A
F3tHA Phytophthora capsici, Colletotrichum gloeosporioides 2 Rhizoctonia solani 3 ©
S A FR S Tl AEHAT AFE AXSe A=E A, AlF AR

W FAT BA GE RS 4Dl e 2AE Ak

HE H3] AF A8 Bacillus sp. AM-651 2] vl EA A 7F Al A A A7 (7
F, A A% 2 FFe g aRnE HEs S HEEE Ang Y3t HEBY
(B8 A00175)9] 7o 2Ast] AR FAEEFALDIGAT R ot
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d& APsiglon, FPRES a3 2o
O A= AT (AL srkelL), AL(EALAZA, ofAoFEH)
O FAMIF : Bacdllus sp. AM-651 22| v A& A A
O FAIEE
- Bacillus sp. AM-651 ] &Y
- A E A A=A (L):
Glucose : 5¢g
KoHPOy : 78
KH,PO; : 2 ¢
(NH4)2SOy - 1lg
MgSO; - 7H20 01 ¢
Yeast extract: 01 g
pH : 7.0
O AjujFa + Al A H)
O AL :
(1) FAe
2) EFEAEHE,; E2H-FM °f 1H)
(3) 1008} 32 N(E 1¢: v]YE AA 10ml)
(4) 10008 3B|XHN(E 14: v|B= AA 1ml)
(5) 50008} 3| M HN(E 12¢: v|AE AA 0.2me)
6) 100008 3] N(E 1¢: v|AE AA 0.1m)
A s 2R 55 AH43E 143004 ZEdista o 24
O AR« Ay
1) IFFA7] : 3F - 349 14
2 A=W 33m' T FETEES sLA vA=AA A,
s 5 5URE g X A
G3m F & 2/ VAEAAE At 149 FASE 43] A7)
AAT WA - FAA Y 3R (AR - G
O ZANE : B, A5, 7, F2, AdZe 5
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E 0 0 AB49
= O#248
St WAMGST
2 mAB17
=15t
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€107 as.n
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oL 0]

P.capsici R.solani(&) R.solani
a9 5 BT 4EHAT) BE 235

i
=

2] @5 16S rRNA sequencing 3} 54t Ay+= & 37 22 wol £33t
i 3% Zo] sAHE AHE vy oz 7t #FE HSA007-2> Acetobacter sp.,, HSA008
2 Lactobacillus sp., HSA009+« Acetobacter sp., HSA010 Lactobacillus sp., HSA030-
HLS-A1&  Issatchenkia sp.HLS-C1< Saccharomyces sp.HLS-C2%  Saccharomyces  sp.,
AM-50-2  Streptomyces sp. HSA-32 Streptomyces sp.Z ZV7 FHE AW, Streptomyces

sp. AM-50 ¢} Streptomyces sp. HSA-3 wF5 AP AH&stAth w8l 4E 75
= IRtz o g Aese # SR AEHE dFEE A, 28 o5 234

A9l FubS zH Ao g Fgdiriy,

e

-

P

&Y FAxA R FET &8
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A

7 7359 165 rRNATH 23}

7 Ahe iE ol E FALE
HSAO007 Acetobacter pasteurianus LMG 1629 Iél:;lstitie% /ilé;f%é ;?8 (99%),
HSAO008 Lactobacillus casei, L. paracasei Igae;lgties‘l;/l}éy{ %/3)7 (98%),
HSAO009  Acetobacter tropicalis Igae;lstitieslf/dég{ (1)(1;3;9 (98%),
HSAO010 Lactobacillus casei, L. paracaser Igjggtieslo:/ﬁé?{ (1)(12)3 (98%),
HSAQ30 Acetobacter pasteurianus LMG 1629 gj;lstitiesl O:/ﬁ&lég{ (1)(1;33 (98%),
HLS-Al [Issatchenkia orientalis Igjggtieso /2626% ?/?)2 (100%),

HLS-C1  Saccharomyces cerevisiae I((}j:gitie% /:_)525% E)/f*;s (100%),

HLS-C2  Saccharomyces cerevisiae gae;lgtieso /;)525% ?/?? (100%),

AM-50  Streptomyces graminearus NBRC 15420 gjgftie% M 0;92% ;8)27 (100%),
HSA-3  Streptomyces natalensis NBRC 13367 Identities = 1025/1027 (99%),

Gaps = 0/1027 (0%)
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2g5o] $53 BEdF AM651S 543 A3 Badllus sp.) Z9FCE FHH
Bacillus sp. A B sta(a2d 7), ARSI AEAdAE e 75
£ 7|g3te 7]ei s KCTC 11305BPE Wgtom, 13 WA vAE npadgs &
AM-6510]2} sl YW F 10-2008-0037367 2 535 &3t

<
0\
A
o
kY
o

Fiinbrcitier wilosersis DSM 132597 (AJ235042)
Baeilie faetdiomes DEM 91 (X60615)
Boaeillus beifransts LMC 15422 (AJ419629)
el o[ Bactlbie watherziphomonzic DEM 11821 (ABDZL199)
wop| | Becilbs mycotdes DEM 2048 (K35061)
Baeillis Hrarngiensis ATCC 10792 [AF200545)
72 Boreilfuz coreus TAM 120603 (D14246)
Bl Bpetllur prsnicdomyecider [AFOLILZL)
ggl Bacilluz sonarensis MRRL B-23154 (AFI02118)
Bactlbs FchermGreas DM 13 (T60416)
Bacilluz promtivs DEM Z27 (AY456263)
Baciilus subtils subsp. spimzesst NRRL B-230492 (AFTM 70
Bactlluz amylohoueianes ATCC 23350 (Xa06035)
Bacils alropsaens JTM 93070 CABDZLIED]
Sreifber mebidie DEM 10 (ATTAI51)
Hﬁan':&s'majmrﬁ [F 15718 (ABDZI19LY
Sereilluz vallizmortic DEM 11031 (ABOZ1L9E)
Iﬁaﬁf&as FohFermeniioyr (AT 149473)
Bareillis podprmanions GROLD (DOa59145)
Bacilluz velesennz CR-502 (AY603658)
Bacilir pumifus |Re3 (EF173456)
Tacilfus sp, AMGS1
Bacils velemensiz BORT 17467 (EF3MIT)

Ba

&l

=]
—

19 7. Phylogenetic tree for strain AM651 and

related organisms based on 16S rDNA sequences.

The distances were calculated using the neighbor-joining method. The numbers at
the branch points are bootstrap values (based on 1000 samplings), and only values
greater than 50% are shown. The GenBank accession numbers are given. Filobacillus

milosensis DSM 13259T was used as the outgroup.
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a b C d e f g h I

FAHE(FEH A 7HE ol W& Bacillus sp. AM651
FFE ol§F ABWAF o U FAFHA
a:Bipolaris sorokiniana, b: Rhizoctonia solani,
c: Collectrichum glogosporioides, d: Botrytis cinerea ,
e: Fusarium graminearum , f: Alternaria malj
g: Phytophthora infensi , 'h: Botryosphaeri dothidea ,
i: Athelia rolfsii j: Zrt)ebA] 9
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a9 12, 133 o] 8T Bacdllus sp. AM-6512 pH 794 714 =2 dAl&S

1=
B, vjdesd 2 uFIdH T dAE&L 30CoA 713 539

a0

40

a0

20

Inhibition zone{mm)

pH

19 12 . Effect of pH on the antifungal activity from Bacillus sp. AM-651.
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19 13 . Effect of temperatures on the antifungal activity

from Bacillus sp. AM-651.
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A

Bacillus sp. AM-651 @& 115 oW #¢

ZARRE A3 R 40X He vk} o] bt

3% 4. Bacillus sp. AM-651 59| A& U4

olyz}l g2 A EHAA o

5o s 23S 1o
A}
435

Plant pathogenic fungi

Inhibition zone (mm)

Bipolaris sorokiniana

Botrytis cinerea

Rhizoctonia solani

Fusarium graminearum

Alternaria malr

Phytophthora infensi

Phytophthora capsici

Botryosphaeri dothidea

Collectrichum gloeosporioides

18.50

20.74

19.68

20.46

17.88

14.11

32.05

27.08

22.55
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Streptomyces sp. AM-50
e stekEckd MudEe 5 dFe FESPL 24P 43 29 159 16
o4 B wrsh o] Sk M ASH FEFIL AL YE Ao

AR AT

20

500 ppm : AM 50 1000 ppm : AM 50 10000 ppm : A

a3
a9 15. 79 B v Streptomyces sp. AM-502] Phytophthora capsici &1t 21§,

0

(compared with chemical pesticide (Kesting, donbangagro)
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100 ppm : AM 50 250 ppm : AM 50

a9 16. 39 Wl & Streptomyces sp. AM-509] C gloeosporioides 713t 2H&-.

(compared with chemical pesticide, Sungbochem)
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. Streptomyces sp. HSA 9]

Streptomyces sp. HSA-39] 7% 17 173 o]

1504 kel w9 &3 2 Aoz AlgHoh

&zl

19 17. Streptomyces sp. HSA-30l <]

(30C, 4days, Loading 20 pl of culture broth)
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. Bacillus sp. AM-651 752 77 A

Bacillus sp. AM-651 T+ ¥j<F AlZtel] whe}t &3e 5o] tha xol& Btk 1L
Aol A5 9dAl & A Aol 7HF ZA YEhd 38.55mm2] clear zones &<l
F ARey, gdxHe FA 79 Ao 36.31mme clear zoned Ho F #Fol s
go] 3 Ao T ZAME A

a9 183 go] dAv|7 ZAY A3} Bacllus sp AM-651 FFE GW FALS lysisAl7)

e

m (

A4y Abnormal swelling@ S Hole Aoz AR J2AS AAg= Aoz FAFA
o}.

Abnormal myecelial lysis of P. capsici.

Abnormal swelling (arrow) of P. capsici.

1% 18. Phytophthora capsiciol W3 Bacillus sp. AM-651 9] 33728
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1FE IR AR ENH e AEe ¥ 199 o] B

elicitor®] = gloll ¢Jal capsidiolS Aol BEdw FAste] AP zhet)

o
juis

Acetyl CoA
!
HMG CoA

1

MVA
4 Normal Cell l Elicited Cell

PP

A

OH
Squalene <« m q) _S'E_E___.
|' cyclase . w,,l/ hydroxylase HO :
PP : :
Sterol FPP 5-EAS Capsidiol
it
sauiter
= \“ cyclase
OPP l= &
Farnesyl diphosphate §-epi-aristolochene \ﬂ\
Cyt P£50 .
(Whitabwast ot 8i)

H i
1-deoxycapsidiol 3-deoxycapsidiol
(3-hydroy- 5=epi-aristoiochana) OH {1 ~Fuedrony=5~8pi-aris lolochan a)

ek o

capsidiol

1% 19. Capsidiol 42 24.

_58_



Capsidiol2 &4 &4 stell= =AM s YAEHA F=th 5 A3 E
A1 Farnesyl pyrophosphate(FPP, Cis)gt= A&l A Squalene(Cs)ol B == 7
S FABHAIRE, vAFGAR] @A =22 FF SqualenedZ= ATE I capsidiol(Cis)
BEZ dAZE Bk A o

gl 3 WAaEd HAS st 1ad=e E¥ FF< Badllus sp
AM-651 55 UlF oz 3o TLC (Silica gel 60 F254, Merck Co.)®4& %3}
capsidiol B4 ol7S 21353

TLC 4 A3 19 2

(@]

)

L
o

] 5712 A 2]¥ A8 F capsidiol®] spotoZ o 45| o
A= spots HSl AlEE tixT 7FA L™ o]F negative controlQl St 1Fo

g
=
A B &Y capsidiolS &< & F Ao FET ddE Ao A Al o

Iy ol A3 AFAS dele Aeg 4#R Capsidiole FAHow AAswn
N AT A B A3 ATAE R 23 HUFY elicitore] ol o35 AMEA
£ phytoalexin®. 2 & A gon, Gujy nFoMe ol AFAS == F-AA

7} &3 2 2dE o] th(Chappell, 1995; Facchini and Chappell, 1992). Capsidiol AJ 343274
o] FPP7} cyclase®] Zuljo] ]3] 5-EAS7} =a1, o] B =4717F A=A HE4E
? capsidiole] RFEAZG. o] HAHo TAZ= EAVF PA0A EaAToRE ERE

5-EAH©| t}.
A9 H3E LS Northern blot¥} RT-PCRS 9]

ofo
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bl £4& S P450 RAAE
probeZ hybridizations AA|sto] A& FES &3 total RNAZ cDNAE 2 P450
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3% 5. Bacillus sp. AM-651 2] TAA A%

OD IAA IAA
Code Name pH Test-Cont
550nm (OD535nm) (ppm)
A-1 [Jubak 0.734 4.07 0.124 0 0.00
A-2 Jubak+AM®651 0.625 413 0.1 -0.024 -1.12
A-3 [Jubak+0.1%Tryptophan 0.599 4.08 0.113 -0.011 -0.51
Jubak+0.1%Tryptophan|
A-4 0.677 412 0.121 -0.003 -0.14
+AM651
B-1 Jubak+LB 0.492 4.61 0.131 0.007 0.33
B-2 Jubak+LB+AM651 0.58 4.65 0.152 0.028 1.30
Jubak+LB+0.1% Tryptop
B-3 " 0.606 4.62 0.165 0.041 1.91
an
Jubak+LB+0.1%Tryptop
B-4 0.582 4.66 0.175 0.051 2.37
han+AM651
C-1 Jubak+MM 0.651 59 0.233 0.109 5.07
C-2 Jubak+MM+AM®651 2.494 6.45 0.7 0.576 26.79
Jubak+MM+0.1%Trypto
C3 0.636 5.87 0.312 0.188 8.74
phan
Jubak+MM+0.1%Trypto
C-4 2.489 6.43 1.01 0.886 41.21
phan+AM®651
D-1 [Jubak+1%Glucose 0.714 41 0.128 0.004 0.19
Jubak+1%Glucose+ AM6
D-2 - 0.667 412 0.107 -0.017 -0.79
Jubak+1%Glucose+0.1%
D-3 0.709 4.09 0.146 0.022 1.02
Iryptophan
Jubak+1%Glucose+0.1%
D-4 0.74 413 0.129 0.005 0.23
Tryptophan+AM651
E-1 [Jubak+YPD 0.628 4.39 0.14 0.016 0.74
E-2 Jubak+YPD+AM®651 0.761 4.43 0.143 0.019 0.88
Jubak+YPD+0.1%Trypto
E-3 0.706 4.39 0.152 0.028 1.30
phan
Jubak+YPD+0.1%Trypto
E-4 0.759 4.43 0.167 0.043 2.00
phan+AM651

(Jubak = A HZ L EFAE, AM651=Bacillus sp. AM-651)
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IAAS] ATAZ &3 tryptophanol] 2|3 [AAS] A2t Z7lo] Wit A3 dH,
2] @57} tryptophan YEE7F =2 32

3® 598 #Zo] #Ed F ¥ FA4ol 7MF % Bacillus sp. AM-651 (Lee &
2008) w9 A APREEELNETH HLEACAM wFA]l 2679 ppme] EL FEY
IAAS AiH8kE Ao g AT

Tryptophan &&°] &g IAAMAY 23 A3}, Tryptophan 1 mg/L 4% Hul 41.21
mg/LY H3S T3 IAARAE S R, tryptophan FH7FA] 2819] Fd) &35 Hol= A
o= yeistth

6 B 7 o] AARPERUAIT2RY Z3 o7 #79 TAA At wiAF
FE gd93dte] FH7ME tryptophan®] F&FS o

=
7F AR e tryptophan®] =7t 7 45 [AASY AMFE SUHES &

i

2 ZAME Y tH(Tsavkelova, & 2007).

ANL
¥, 53] JB-6 #52 7% YPDHlA||A tryptophano] wiAIE AEjolH 930 mg/Le]
IAAE A48t oY, tryptophang 1,000 mg/LY] == H7bel & 23 39.26 mg/L=

4uf ko] FrbelRAaL, e dFE EI HAHOE 2~4u¥ FUlste AEe B
o}

2 AFoA BEHAN #F50] 53 F2> AFAQ] tryptophanell o E3HA] F
A& HjAo] wet zpo]E Holw JdA T IAAE Aitsl= AS & F AATH

£3] JB-9 7F2 A9 MMH| A4 14.27 mg/LS AAEIon, ol IR nAE
T [AA At 712 Ao 2 wx]9 tryptophan©] 83, AFEZQ tryptophan©] $1
= A% IAAS AR Z3tvbe BRuote 2 e Aaed
AH(Jung 2007; Kampert and Strzelczyk 1984).

a8y 1AAY sE7F =5 A5 AZAZES At dgde] s £33 o
ol ol Z=d3l7] fste] wiAe T/ E= HFAQ] tryptophan®] sE=F £4H3}7
U, 44552 10°~10° M 92 v55 2859 4303, 4ARTayidsy 2
2 183 A FqAAZY &Eo] 7S Aom AldEH.

4l
i
(o
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%6 WA FRol e 22 wrel FAFAE

Zone size (mm * SD)

de;isglllztteion I}f::;?a Phytophthora capsici Rhizoctonia solani AG-1(1A)
KACC40157 KACC40106

LB 7.54 8.93

JB-1 YPD ND ND
MM 12.11 10.34

LB 8.75 3.26

JB-2 YPD ND ND
MM 4.27 6.38

LB 7.36 7.25

JB-3 YPD 8.25 8.82
MM 9.77 10.84

LB 11.26 14.26

JB-4 YPD 9.05 10.11
MM 14.27 15.64

LB ND ND

JB-5 YPD ND ND
MM 10.07 10.31
LB 15.26 19.34

JB-6 YPD 20.17 26.73
MM 21.00 23.51

LB ND ND

JB-7 YPD ND ND
MM ND 7.52

LB ND ND

JB-8 YPD ND 4.02
MM 6.02 7.63
LB 9.04 10.56
JB-9 YPD 22.67 17.29
MM 11.50 14.25

_64_



F 7.0 A 24l o

£ 78 #F9 tryptophan %= ¢& indole-3-acetic acid 343

Isolate

IAA production(xg/ml+SD) at different tryptophan concentrations (zg/ml)

designation Used media
0 100 300 500 1000
LB 7161028 8.921+0.24 9341017 11.63£0.52 12.6210.28
JB-1 YPD ND ND 1271012 2551022 311+017
MM 10.9610.19 12.0210.11 14.7210.26 16.2710.53 17.92x0.41
LB 5301026 5921042 3611+014 5771062 6.02+0.19
JB-2 YPD ND ND ND ND ND
MM 8224015 917+032 11.54+0.22 15.24+0.72 18261012
LB 4371021 6.2910.23 98410.22 11.40£0.34 12.3910.26
JB-3 YPD ND ND 0521018 1.42+0.05 233+011
MM 4821012 6.921+0.23 10.83£0.07 13.25+0.19 15.6410.05
LB 10.5610.23 11.7310.09 12.8210.018 1391012 15241017
JB-4 YPD ND 0.3210.05 1.32£0.07 2281012 4211010
MM 11.9310.14 13.2710.26 15.7220.11 17.20£0.07 20.21£0.15
LB 8231046 9.01+0.12 992+0.62 10.60+0.11 14831032
JB-5 YPD ND ND ND ND 0921063
MM 9251012 14261019 17.73£021 20221032 24921014
LB 2451017 372%0.16 3961042 4224021 5.01£0.10
JB-6 YPD 930%0.15 19.2310.21 2471019 37.4410.32 39.2610.09
MM 7.2110.17 8.2610.54 15.2610.42 16.2810.24 19.8310.12
LB 5224021 7171010 8391010 14.24+0.32 18.631+0.13
JB-7 YPD ND ND ND 1.4010.21 2.01+011
MM 7271021 8921021 10.92+0.51 12731018 14921010
LB 3561053 4.6310.09 6721033 8.241027 10.74x0.13
JB-8 YPD ND ND ND 1.4410.16 3224017
MM 5731029 7331018 10261016 14821021 18.661+0.23
LB 6281011 10.2710.26 16.82x0.11 18.24x0.31 20.020.17
JB-9 YPD 12511022 17.7210.14 20.5810.22 25.631034 28311012
MM 14.2710.23 17.6210.52 19.73x0.13 25332055 2791035
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a9 283 Zo] JAANEZLANEAY THsdes FotR 7] 98] AlH] o AlAFS
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w ARl Az

AES o]3ty] Hdelle EdAEE St 2 FAAC AEshdt ZE o] Fof Al
£ 98t AFAAE Aglst] EEF&dFS Bacilus sp. AM-6517F Wl Y
S NFAAZ ALEEFAT

]

H]
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r
ALY
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Bacillus sp. AM-6517F HFAA7} ABAAELAZS o] 8&7tsdS sl v
9 2% AAS FAMS) B Ay 9 299 Zo] W 259 WHelA Aol
Ae HolHA AT A4S Hole HAOE ZAEHAT
40
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40410 20 30 40 &0 70 a0 10 12
Temperature

19 29. Stabilites of temperatures on antifungal activity

from culture broth of Bacillus sp. AM-651.
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AeFZAA =z AE 2 FFIE A= ATHA AFY AEs FG MY
Wyol dasith. wetA B AFoX <= Phytophthora capsic
Colletotrichum gloeosporioides '3 Rhizoctonia solani 5ol tidte] =2 3+ A4S

o,
rr

Blll=  Badllus sp. AM-651 HIGAS 4T 2 FFoA 10097 A 7F3tHA
Phytophthora capsici, Colletotrichum gloeasporioides 2 Rhizoctonia solani 5o gt A5
A R|gke] 27] WS ZAMGCEZA AFe] Agste] mE <t dLFS A

3t 9. Bacdllus sp. AM651 Bl o] A7F7|7te| & d3s

Phytophthora capsici ;ﬁ%jﬁg Rhizoctonia solani
¢ 4°C e 4C e 4°C e
day

0 31+0.5mm 31+0.5mm 19+0.6mm 19+0.5mm 23+0.7mm 23+0.6mm
20 31+0.5mm 30+0.7mm 19+0.6mm 19+0.4mm 23+0.7mm 23£0.2mm
40 31+0.4mm 30£0.3mm 19+0.6mm 19+0.1mm 23+0.2mm 21£0.5mm
60 30+0.8mm 29+0.2mm 18+0.9mm 17+0.6mm 22+0.6mm 20£0.6mm
80 29+0.7mm 27+0.4mm 17+0.8mm 15+0.3mm 21+0.4mm 18+0.7mm

100 28+0.6mn 24+0.5mm 17+0.6mn 14+0.4mm 20£0.9mm 16£0.5mm

kel

99} o] Badllus sp. AM651 WAL 4TolA 100€zF AFF A=

AA s BokE o x7]eh Bl Al Zb2 90.4%, 89.5% B 871%=ZH A F AR&dh=
o JoiMeE AFe AL v =A HEte A2 ZAME R

A& AEAA T AA AHEE It TS AR AES HER ZEFo] ¥4
B ol 4TdAM AFZITE= AL A9 EVFesitt. webd dA s71ddS e sy
F2ANAMY  Bacillus sp. AM651 HISFAS 100€7t At A  Phytophthora  capsici,
Colletotrichum gloeosporioides 2 Rhizoctonia solani 1o gt AF AR & ZAS 4
13 Al 242y 77.5%, 73.7% 3 69.6%2] AFS] 4P YEhle Ao =
AR ol8idt Ad= Bacillus sp. AM651 T57F AAlsteE EFo] £x9 Wl
o QA o & Ul ew, &% Badllus sp. AM-651 TFE o83 &0 Y EA

Aze) AR AT W F83 Ao AzE

%
B
)
F
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(A: Bacillus sp. AM651, B: Streptomyces sp. AM50, C: A, B Mixed, D: Control)
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2]al Streptomyces sp. AMS0 iGNl B9} Bacillus sp. AM651 i FH 3}
Streptomyces sp. AM50 %A S EF3IAS Afole wASFIE 42 21x10° cfu/mlz}
24x10° cfu/mle 2 t)279 Mwage W doldes & 5 AU

olg st A= Streptomyces sp. AM50 Bl FH A Fo] e WHAToE HEuAE
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3% 10. Streptomyces sp. AM50 v FH o] A 2lo] WmE EF W dAF

ISP2
Bacillus sp. AM651 -
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K
—_
—_
frt
o2
oX,
Mo
E
Lot

P

Ex.cat(cmol /Kg) 23] 0

5 = pH | OM |AV.P,0 ¥ | EC

° (1:5) | (g/kg) 5 K Ca Mg (kg{lOa (ds/m)
AF-FA 2 Oday 6.5 15.1 112 0.23 9.18 1.72] 98 0.3
dEF-FA e 27day 6.5 8.4 105 0.3 8.35 151 98 0.22
dEF-F A2 89day 6.2 10.2 101 0.31 9.27 1.61| 98 0.24
dE-FA 2 117day 6.2 12.8 92 037 10.19 166 98 0.52
dE-A 2 Oday 6.6 9.7 132 0.36 9.19 1.89] 98 0.34
dE-A 2 27day 6.7 9.8 140 0.39 38.92 1721 98 0.33
dF-A 8 89day 6.3 114 116 0.36 8.53 149 98 0.28
dE-A g 117day 6.2 15.6 122 0.39 9.61 1.63| 98 0.3
FE-FA 2 Oday 6.5 12.3 122 0.35| 10.78 208 98 0.29
FTE-FA e 27day 6.6 10.3 122 0.33 9.06 1711 98 0.25
TH-F* 2 89day 6.0 12.8 107 0.34 8.35 154 194 0.22
FE-FA 9 117day 6.1 14.5 91 0.37 99 1.68| 98 0.31
F-A 2 O0day 6.7 10.7 130 0.34 9.18 1.89] 98 0.31
TH-A g 27day 6.6 11 133 04 9.01 1.76 | 98 0.35
T -2 89day 6.0 14.7 35 0.33 9.25 1.7 194 0.31
-+ 117day 6.3 11.5 117 0.36 8.59 148 98 0.28
A78-FA ¥ Oday 6.6 10.1 124 0.35 104 201 98 0.31
A78-F-A 8 27day 6.5 6.3 113 0.36 9.66 1.81| 98 0.35
A7 -5 2] 89day 6.3 134 117 0.34 9.38 1.69| 98 0.27
A7 -F* 2] 117day 6.2 12.8 33 0.3 9.25 1.63| 98 0.24
A78-A 2] Oday 6.4 10.7 119 0.37 9.5 191 98 0.3
A78-A 2 27day 6.6 12.9 131 0.39 8.66 1.76 | 98 0.34
78~ 2] 89day 6.1 13.3 121 0.35 8.24 162 98 0.21
A78-A 2] 117day 6.2 124 101 0.37 8.73 155 98 0.38
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H el o] A 2] (x100, x1,000, x10,000) 3 FA 2] (Control - D.W, iAol & WS H
of A dolo} mjgFd HEA Ao WSS LB, PCA w|AE o] &3ste] zhzh xAls}
gon, wjFde] Age FHe FES AxH A7) Ao Hgste] FHA 557 A
Aok olu, wjFdgel W B A Hols T AL 1Y 599 ZUT

a9 50, WjFRel We el 4%
(A-D.W, B-8] A #}A], C-x100, D-x1,000 2 E-x10,000)

MAE 25 - HF 3 Fol 30TAM 247 Hop A7 O 55U A& o
AwtHoz thz7<d DW, WA Aeltet Blul Al Bacillus sp. AM651 Hlgd A&
¥1,0008.2 343te] Astle w7t 7 $-rd A B3 dEhdE & 5 AsiTh

ol#f3t Aype et Haud AR S ostd ASAAL2ER 1AAY FEVF AF
o] A7 Azt 3 dHA glow, Yoz EA Ade 28] A9
e A AE F sle Aoz dEA Ao

of
otk
il
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°
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b

12. vioFee) xe)e} We] Aol W Bk ) FAF) W3

LB 1 wk 2 wk 3 wk 4 wk 5 wk
Control 5 5 5 5 5
3.9%10 2.5%10 4.0x10° 2.0x10° 1.1<10°

(D.W)
Control 5 5 5 5 5
4.1X10° 4.3%10 3.9%10 4.4%10 3.1x10°

(| =)
X100 4.6x10" 3.6x10° 4.3%x107 2.2x10° 1.6x107
*1,000 7.3x10° 6.0x10° 7.1x<10° 6.2x10° 5.7x10°
10,000 3.4%x10° 1.6x10° 8.3x10° 1.9x10° 7.9x10°

EAYTS HEFDW)S] A FAF7E 1.1x10°~4.0x10° ¢ Ao = A}

HRow, M+ Bacllus sp. AM651 Bl FHES S AH =] wpepa] M Ps Aol A

AR} P Y x1,0000.2 3Aste] 23 A 57x10°~73x10°2 2T

o} dA ST 71 Ao E ZAME UG ol Bacllus sp. AM651 9] PO E
U

St 71 d3s nyInd v Ee] IES AFS F

W

2
R
l-'O
o
oX
o
o
¥
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E 13 WG] Aol v o] ME B ) FAS W

PCA Tweek 2week 3week 4dweek 5week
Control 2.9x10° 3.3x10° 1.4x10° 1.8x10° 3.4x10°
Control P 6 p 6 P

3.1x10 4.0x10 3.1x10 3.3x10 3.7x10

(A7)

x100 3.0x107 9.7x10° 2.0x107 2.2x10” 2.0x10’

x1,000 6.4x10° 7.3x10° 5.5x10° 7.0x10° 5.0x10°
x10,000 4.1x10° 4.2x10° 4.9x10° 4.5x10° 4.6x10°

#® 1337 o] PCA ujAE AF&3te] W Ao WE EYY vAE] HSE
go13t Aog FAFTe HEFDW) A FAF7F 1.4x10°~ 3.4x10° ¢ Ao =

BN

—

ArEIR e, A8 Bacillus sp. AM651 Bl SFA S S| wehr] A ds Ao
AARE7L 744 59 d x1,0000.2 34 6te] Aad A9 5.0x10°~7.3x10°2 LB Hj
Ao A e} A 2 g2 By dA A5 ST AoZ FALE QT
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FH WHoE ﬂixxﬂixz01(60cmx30cmx3cm) 3719 SEAANE AL
FHE 7IA0lE 9% SERCIY SR FEE

& F Akl TR P4 30~-35¢
L

o], &=}
G HolEAE HFsla BE
&= SH3t o|Y3tAt

rl

o]} Al 30cmx15cm IFAOSZ 1¥ 7|0 3~4R2E

Ao, 717 o} Alelle HokA 124 7|Fom HY 75~85X 7| 1%7] 3~4%7} 3
Fotn, olFHAEEA BE o|Ydte Hole 2

~3en7h HAF A5 Ao FUTHLY
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79 63 wjFele] Al wE B dAS
19 633 o] Bacillus sp. AM651 WF & Heleh ATk AedhA ke B
AuAlTEe] BE A=
FA el el B4 LB, PCA WA ZAbE #A57F 2442 213107 cfu/ml,

zAH 90w, At Aol BAG

€ LB % PCA HIAE ARE-3Fe] 213 Aol
9x10%cfu/ml¢l Ao = 7}7} 52x10°cfu/ml,
27x10°cfu/mlZ HEFRT FAF7 F718 Aow 2AEY
AM651 TF7F EF WellA b0 2 A E AlgHH, o=
o el Qlojx 3] ov e ZAyet ALRETh

}
o °l= Badllus sp.
H o] 53 3o

- 118 -



10. Hl= W& HSAE
g He) ASAES S St A B Ad A BESEEAES & 14

s} 2ol ZAA

¥ 14. A8 A EY3IstA Ag

NH-N NOyN PH  OM  POs  Ex cation(cmol’/Kg)  EC

Ppm)  (ppm) (15) (g/Kg) (mg/Kg) K Ca Mg  (ds/m)
42533  8.838 7.7 1712 233 0.31 867 295 0.89

S

N AT
12 4/20 5/2 5/10 5/17

=R E| e 483 +0.62°°  7.61+1.46°  12.33+341°  14.56+3.38

o) = 4.94+0.73°°  8.00+157%°  11.67+2.30"  16.28+3.39
1008] 8] N | 433+059°  6.72+1.64°  9.50+1.54°  13.78+2.07
10008} 3] A 8 | 5.00+0.69°°  7.72+0.96°  10.67+137°  13.72+2.44
500081 8] A8 | 517+0.92°  856+1.85°  12.17+3.03°  15.56%1.85

100008] 3] A
" S 4.78+0.88°  7.67+0.91°  11.44+1.89"°  14.72+2.47
o
p value < 0.05 < 0.05 < 0.05 > 0.05

< significantly different from other samples determined by Bonferroni’s Multiple

Comparison Test (n=18)
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BE w4
4/20 5/2 5/10 5/17

FH) 3.83+1.06 74+2.76% 10.00+1.96"  14.03+4.55"

o) =+ 4.24+1.47 8.21+2.26 13.57+3.78° 15.92+4.85°
100w} 3] A oY 3.79+1.46 5.67+1.14° 9.12+2.00 11.81+2.03"
10004 3] A <Y 3.78+1.00 6.50+1.56" 1042221  12.76+2.04°°
50004} 3] A < 4.92+1.99 7.31+1.84°° 12124235 14.3042.76"
10000} 3] 2] <} 4.32+1.26 6.46+0.94° 10.72+1.14™ 12.19+1.72°

p value > 0.05 < 0.05 < 0.05 < 0.05

abc

Comparison Test (n=18)

significantly different from other samples determined by Bonferroni’s Multiple

¥ 17. AFA (L E)
- Q= (cm)
4,20 5,2 5,10 517

Lo 2.11+0.46 436+1.54% 8.50+3.67™ 9.82+2.78%

) = 2.21+0.64 4.76+1.46" 8.84+2.21" 10.60+3.19°

1008} 3] 2 i 2.01+0.89 3.30+0.66 6.2841.21° 8.02+1.39°
10004} 3] A7 o 2.06+0.84 3.46+0.73 7.16+1.56" 9.48+3.04°°
50001} 3] 47 oH 2.46+0.78 414+1.19% 12.12+2.35% 9.65+1.43%
10000} 3] 4] A 2.09+0.53 3.56+0.45% 7.35+1.05" 8.48+1.39°

p value > 0.05 < 0.05 < 0.05 < 0.05

abc

Comparison Test (n=18)
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Bsh ADS WFARE BYst AGF A%, 1Y 640l A9k ol 7 ATl

5FANAE AFel 9 fE ZA Aot UA @il 5 574 dolrluA 9% fo
o] eI 1008] 540N 5, 7, 8F271A okzke] AgAG s} Yoy A% 5

e 1% 5FAAAE 4 U HIE BolA g} 77
A olFolt g BANE Feolg WA TrHIA o] Polwg iAAAe] el
w3 A9 Wol4gel AfoNE BF 5FAAAEL 4 UE AolF Holx Frpr} 7

F2t o] F-ol= 1000 3ol A oFzte] ol A d/do]l YElstt

3 18 AL (LT)

AqF
18]
400 50 510 517
2o ¢ 3.39+0.7° 6.22+1.26 8.83+1.69 1050+1.5%
=3 294+0.73 5.67+1.24 8.94+1.06 10.00+1.88™
100} 3] 2] 4 2.56+0.86" 5.610.92 8.11+1.18 9.17+2.28"

1000 3] A oH 2.94+0.64° 5.78+0.81 8.44+134 9.83+2,09°°
50001} 3] 47 oH 3.28+0.57° 6.22+0.88 8.94+2.04 11.44+0.98"
100001H 3] 2] A 283071 6.17+0.99 8.72+1.45 10.39+1.85%

p value <005 > 0.06 > 0.06 <005

abc

significantly different from other samples determined by Bonferroni’s Multiple

Comparison Test (n=18)
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E 19 AYAEE(LA)

- %7 (cm)
4/20 5/2 5/10 5/17

Bu] 3.88+0.58" 7.75+1.87 10.94+2.4° 11.91+2.22
o) = 3.19+0.43° 6.27+1.73 8.44+2.06° 10.42+3.05
100w} 3] A oY 3.31+0.40° 6.64+1.82 9.29+2.81% 12.44+8.66
10008 3] 2 A 3.39+0.39° 7.39+1.58 10.67+2.32° 12.753.21
5000} 3] 4] o 3.560.40%" 7.24+1.10 10.53+1.08"" 12.61+1.74
10000} 3] 4 o 3.33+0.52° 6.60+1.27 9.89+1.53% 12.26+1.62

p value < 0.05 > 0.05 < 0.05 > 0.05

abc

Comparison Test (n=18)

320 ALYASE(AE)

significantly different from other samples determined by Bonferroni’s Multiple

- Q= (cm)
4,20 5,2 5,10 517
R 2.59+0.56" 4.93+0.96" 7.36+1.89%° 9.38+1.86%"
=T 2.07+0.24% 3.77+1.09% 6.38+1.74° 7.98+2.42°
1001) 3] A3 o} 2.06+0.37° 4.35+1.37° 6.68+2.39%" 8.31+2.72%°
10004} 3] A7 o 2.18+0.25° 4.79+1.00° 8.32+1.99° 10.00+2.71%°
50008) &] A7 o 2.37+0.36" 4.80+0.76" 7.66+1.24%° 10.27+2.06°
100008] 3] 23 < 2.15+0.25 4.36+0.80™ 7.39+1.29°° 9.48+1.65"
p value < 0.05 < 0.05 < 0.05 < 0.05

abc

Comparison Test (n=18)
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Adel @ i 9FAolA 1004 543 50008 549 AH TN folHe 2
o7b e W UrA E F A7) AAAE Aol7k UA 2t

AY Qo) BoldAe BE F 5Fae) sFANA FulTe dhxT, F& 2t 54
ol TR Holh ehhehrt 9FAANE 95% AHFEAA FH 2

AL A9 HoWAE 43 F A7) 2A FAAHL Holsh vehtrht 934
N thzTol U3t 50008 Y] ggo] FHoE Eheh,
SE F 9FA 43k AU Ay YAF % ABFE ®21, 29 LUk

E 21 A AT L AET - dF A2 A, F TF

BW AW AW/B W*100

(8) (8) (%)

A 27.17+19.76 2.87+2.06 10.55

o =T 32.15+13.99 3.45+1.57 10.72

1004 3] 4] o 18.57+6.13 1.98+0.63 10.68

10008 3] 2] A 22.92+11.20 2.47+1.09 10.79

50008 3] A 25.25+6.34 2.61£0.76 10.35

100008 3] 4] o 22.29+7.68 2.43+0.84 10.89

% BW: 2Z2H T, AW: AZx% T
% BE 7t P value > 0.05

22 A AT #H deEs - AL Ax A, F TF

=

BW AW AW/B W*100
(8) (8) (%)
222 292441547 3.08+1.69 1055
o) = 278141859 294185 1048
1008] 3] 2] <4 17424563 1.95+0.63 1.2
10001] 3] A A 2940489 3214081 1091
50000) 3] A7 oH 31.97+16.68 347+1.66 1084
100008 3] 4] o 27.18+7.84 291091 1071
¥ BW: 23 T3, AW: XS T
¥ EE F719] P value > 0.05
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¥ 213 2ol IF T 9F2} AFe Ax A, T THLE BE e 22X 95% AlF
FolA FYgk Zolrt AR LdTh
3 229 o] HF T 9F2 A AxX A, F FTHE ZE P AAH 95% AF
FolA fFogk Zolrt WA XA dth
A T AE F9 HZF EF AdASHA UEY A s YEUA g5 A=
7 = Atk
Al & B e i 233 ZEdTh
# 23, vlEHE AF F EFEEA
-i ﬂ NH-N NOs-N pH OM PzO5
A
(ppm) (ppm) (1:5) (8/Kg) (mg/Kg)
A A B} 42533 8.838 7.7 17.12 233
)t 82.845 3.394 8.0 19.35 283
2T 87.443 1.936 8.1 18.58 280
1008 )4 261.133 13.153 8.7 17.28 277
10008) 3] A 141.231 12.245 8.4 24.27 321
50008) 323l 79.740 18.367 8.1 21.23 398
10000H 344 < 108.554 6.869 8.0 21.07 324
Ex.cation(cmol”/Kg) EC
K Ca Mg (ds/m)
0.31 8.67 2.95 0.89
0.34 7.33 3.20 0.62
0.28 7.28 3.12 0.85
0.67 9.12 3.28 1.40
0.59 8.59 3.31 1.17
0.38 9.08 3.25 0.67
0.39 8.99 3.29 0.71
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olN

AlE A3 vlalste] Al F Bl NHeNQ| <Fo] F7hghdl wel B pHE
7FetA 2™ Organic Matter(OM) 2 POs= 571 AFS BHoH 95% AT 7FL
]

#o4 9E 3742 dEhiAE ggor YuA EgREds woe wst ua

7V (F)@zantol QoA AFE Bacillus sp. AM651 29 mYEANAS AP ALg-8}

v 3 F 43)d 23 A EAA AY@AAL 49 29, 23 49 169, 33 4€¥ 309, 4

~

2 A Y5 A5, D, A ¥ FFS 2T 9 AA AGF 2A 7
_]
o 9@ EFVARAAES 4 FEEE ASAAS Aol degae vehA gt

o ARbAQ] ASAYER Hol BT A=A AES 10008 - 50000 3 4ste] H2jAl A

T, AL) AdAu A A5 2 FFd S a3t S Aer AdHn
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Bacillus sp. AM651 8l ¥, Streptomyces sp. AM50 8] ¥, AM6517 AM50S &Y
&2 Y AT B FAHYTE FH 159 74 YPFS F2aF)E VIEe=
Bacillus sp. AM651 B} 2] A] 45.5kg, Streptomyces sp. AM50 HJFH o] A ]| 46.5
kg, Bacillus sp. AM651 W FN T} Streptomyces sp. AM50 vl Fd o] T3t 2] A 46kg 2
T2 Al 45kgo B UEHT FXF R Aol oftY Aol7t ANy & FoA
fle AoE AtsET

rlo

==

ey
o

24, HjgFA o] APl WE 159 FUE
(mg/100g)

HEHFIC Mg Ca Mn Fe Cu 7Zn Se Na K

2149 21.9 16.5 0.1e]gt 1.0 0.1°]st 0.1¢]&} O.1¢]st 1.9 26.6
208.7  26.6 15.9 0.1e]gt 1.9 0.1°]st 0.1¢]8} O.1°]st 1.4 39.7

193.7 32.3 15.3 0.1¢]gt 1.3 0.1¢]s O.1¢]st O.1°]st 1.5 26.5

o o @ »

206.1 25.6 19.9 0.1918F 1.3 0.1¢]8} 0.1°]8 0.1¢]8F 1.2 29.9

(A: PBacillus sp. AM651, B: Streptomyces sp. AM50, C: A, B Mixed, D: Control)

(@)
w
& o
=
(@)
Q9
ot

9~221kid, S 155~84.6%, ©A 26~116g A 17~11.0g, B53E 10,
i 08~79go 2 &#HA Qtt.

3 24+~ Bacillus sp. AM651 Wl &, Streptomyces sp. AM50 Hl &, AM6512 AMS50
= Y vleE TR AYT B FAYTE FE AdE 15 #UE FFE AT
Aot

I Ay, vl C 339 4§ control> 206.1mg, Bacillus sp. AM651 H kel ] 2] A]
214.9mg, Streptomyces sp. AM50 B ¥} 2] A] 208.7mg P &3 A7 Al 193.7mglez &
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B2 Bacillus sp. AM651 B¢ A2 A 7} =2 HEH C

o oolelgh Ae IubAl 3] HIER C ko] 26~1l6mg olZtE B
B fref wigae] A Al Boh w2 HEY C S eSS

& g AT viadls FFel B iET = 25.6mg, Bacillus sp. AM651 i F A
Al 21.9mg, Streptomyces sp. AM50 B F A& Al 26.6mg 2 T A A 323mgo =2 &
A Al 7M=& vtavle EES dEidSs & F AT oY rtadlEs S WEA
AFAsE & FUIERE QA WolA Zs, A A WY diAbdd F83 7Iss o
otk &Astel ATP] A, @id o] g AAFHA A4S o g AAFA

g Aol 247 AR ANEHE 48e BE RAAES AVE A 288 o9

g el A IubA aFolA 16~58mgelhe Haleh Hlushd 2 A3 elA
15~19mg o2 7|& Kol FAMRE Ao ® FAMHAOH, Ho| H-5o
2 9wz el FoA 09~68mgolgte el Hlwetd B A3 Al AYatE
1.0~19mgl. & 7|& Hielk FARE Ze® AN, 28y YEFH &
F OEe A oAl anFolA 12~56mgy} 284~2930mgel 2= B9 st
Ao AAE wFo] A 12~19mgd 26~39mgl 2 7|E Hi9} H| s}
v} ~10081 742] 2Fel7b e Ao E ZAME AT
olg1gt A= 159 Au) FF, B LAE Al AHEHE A TR/, AHH

9l 54 S g Aoldt AR HE

(2
2
—
(e}

A M= Bacllus sp. AM651 WA, Streptomyces sp. AM50 B g H, AM6513}
AM50 oS s HIER Y AT R FAYTES o8-8t 20099%= 5€7H
20099 % 11¥ 7hA] Ajwl =838k 315 Foll A Bacillus sp. AM651 vl & A 2] 9} T4
g v e sto] FEnlol A ATl ot dFEAG A % 259 &

o Ag et FAE T He FdFEE Aot duve & U

2
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Ry A g A g
o 385.0Kcal 377.2Kcal
sk = 60.2g/100g 60.6g/100g
R 18.8g/100g 18.0g/100g
chul 14.38g/100g 14.33g/100g
A 9.64g/100g 8.62g/100g
E A 2.0g/100g 1.8g/100g
Ed X 0.0g/100g 0.0g/100g
Zo 2H = 0.0mg/100g 0.0mg/100g
UJES 18.0mg/100g 15.0mg/100g

3 259} o] Bacillus sp. AM651 MISR-S X3 5o A9 HHHom IdFS
A2l Ttell Hlsl 7.8Kcal SHAl ZAME oW, AWEA Q] Bt EFS 60.6% 2 ZAFE AL

= P
m A AT FAYTFEYD $e AoE ALY AT B TIAHA

32
o
i
riu
)
9
rr
o
N
o
2
ue)
=
i
Lo
ol
o
-
i
-
N
_}l‘_cl
ACH
-
s
ui
18
L
Hir
flo
o
o
fru
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1% Ke)

T

wel SA4e <dotrrl A8

COMPAC-1001I, SUN SCIENTIFC Co. LTD.)%
Ho =z 7}24 o]]}q A}Q_o].

< Reogram% o]

T2 (& 15057 =9
&3oto] wrel A,

SUN RHEO
ZAbstAT A

100ml FdHF)oz

Reogram (Model:
ol &3t =

| Xe)

’l_.

[e)
=y

A EFE A

H o, T 71 0/

olo

A4, T3 5 S SH8IAT. S22 load cell press 10kg, cross head speed
120mm/min, I Yz o] 5.0mm, A&} o}FE AE 5.0mmeolA A9
X 27. BA Ao
8] 9 A 9]
Ho-e-4 Jem? oo A Zhallzl 3,
(stress) [P |BHY A we grwge) Az wste w9uAY 9.
Bl A HEgd EA47F HYS ol o] AALHA A< F——OO]:J_L}‘ 7]
e % |2 HEHe Aoy AES VHH EAE g RE bl
(elasticity) 5 -
i
© 2] x]
e % |5Y =49 ¥Hite BFAAS JERY
(aggregation)
Aﬂ%/‘g 2 o = balife) o -
i g/em” |4H717] Sl AEIE A A2EFSE Aed 875 dyA
(chewiness)
WHQ/KC—} 2 | = = = = o] 5 A =] = ]
. g/em” |[@A g B Fo] dojuyr] Holl Madgle] FAAE A2
(brittleness)
24 2 - . -
o g/em” |22 Hw ol ¥ He] BRI xHuEAS e
(stickiness)
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w2
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= W & o 3 S
w2
HR
S vﬁ ;ME
= <

T 892%= peh} Al

o6 =
o

ol

=
3

§-_]__

T 89.2%, A

3

3

9B.5%2 ekkon], zTel A9

Aoz xArs o

FoAje o] eRAEo] 9=

S
pud

o] &

Pge Aguolst am,

PN -
Al %A

i

3 Aol

AL

=
=

]

&4 5ol B4 venh olge 2w

2 Bl A

=
T

FF A7)dxdd EAo] o

Sls

Q

mjn

ot

2w FR7} 7V5s

2

T A= 7]

0
-
o)

N

To-

o
AT

ol

N

=

Jou} W

A

ox

jlN

o wrela x}o)

2 RS w WE 77.6% WM 63~71%, ZAW 03~05%, 2AG 02~05%, %3]

o]

Plo
ap
ol

W

B

o

o] 28] Ax Wi, ojuix

A g

o
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2 AHAM e Badllus sp. AM651 B A& o]-&3le 2009d B 20099 %= 11
4 X A FAE B ARroledddTdel zstel JFRNT A% F 299
wol Ao AT o] FFARE Aol7t A & F ULk

i
U'I
E

&5 e A g
A 338.4Kcal 349.8Kcal
sl E 5 77.3g/100g 79.0g/100g
G 0.14g/100g 0.32/100g
ol 5.36g2/100g 5.83g/100g
'y 0.88g/100g 1.17g/100g
E A 0.5g/100g 0.5g/100g
E g A~ uf 0g/100g 0g/100g
FU=HE Omg/100g Omg/100g
JEF 1.0mg/100g 5.0mg/100g

= =2
ZAHE AT AE A TolA FAYTEYG 2 AoqE ZAEA=HE 2o A2 o
2ol AsE7] A EExsAes s oy, AT AF EAYALE
o] A%l 427%E AAstaL glow, FAgTe] A E3pAo] HAAALY 568%E
AAete Aog FAME O] EXSAY] ko] AT Hue= H A2 JoR FAMH

Alvlepe] wel gl el WEE Yt Ao
Hol glon, B APNE Ax ANE A2 oA e Aruge By wud 3

al
%ol Apole AT/t FAYT i FGE W BA EAEIAT B AG o] Bo

M

A FFTH R gstria AAEHAAY Aue] A= ARV =1 HEVF v
Hro] Ho] AR Fatth AEFolAY Au 2Ae T Au] ol Blsie, d¥:
A A HAEE, HAdEe] AHER Y =859} Bacillus sp. AM651 | %F
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H

Fas HE AL Weo EAS FolR7] 93] Reogram (Model: SUN RHEO
METER COMPAC-1001I, SUN SCIENTIFC Co. LTD.)S ©] &3t 48 XAttt A
Hjgh AS AdRkH o7 FEgo A AREste WA (R 150g3 =Y 2 100ml FLEHF)OE

-7 W3] & Reograme ©]-83t wreo] Ax, $34, @94,

oz
filo
R
rlo
o
o
rlo
2
X
—_
o
A

A4, FR/Y T =45 SHIAY. S XL load cell press 10kg, cross head speed

120mm/min, Y2 ] 5.0mm, A5} oFFE AL 5.0mmolA SA AT

3 30. Reograms ©|-&3F o] 24 WHsl=H

Ausd | Augd | a9z | adz

A | A | Aed | AR | 2R
(MaXl) (MaXZ) UL:]-Z:]I(AI) %@(Az) % 10 O H O H T 7]H 7o _I_-Z_l Y
% | % | o . .

g g Erg Erg

F7H 1543 1235 395.2 245.1 8.4 63.9 92.1 9788.2 -20

AT | 1832 1743 440.4 3939 90.1 132 | 1564 | 137953 -20

AT 2123 206.7 580.7 465.4 94.8 785 | 1769. | 165564 -20

3% 307 ol WY ©¥AdS Bacllus sp. AM651 Bl FN-S 2] sle] AY4ket Aol
Bt 948%% Yettow, T B¢ Hd 90.1%, Al dejEd FAHe] Fe 3
T+ 85.4% =2 YUENY Bacillus sp. AM651 B FHS o] &3 Ajuj o] &4
2 ZAEAY. 3L BAEe B izl HsiA AgT O FL& AeE YEston,

B ATE 58 AAEFLE N3 Bacillus sp. AM651 v FH S ALE-S Auje] 7

g4, 334, A%, 434 Fol =4 YeHEt olgs 2=

AVE AR AABLEFAE BEP S} Badllus sp. AM651 v 7 b
=

AAZI=d 73 a371 e Aoz yebgd wel, 2 AgelA ied A
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ARDGRNE YEB B9} Bacillus sp. AM651 ¥j k]2 #ad Wafo WAl 2 o] o

o
hus}
h=sj
d

& ek oopyEl Aol HH Al AvE Adstaa shedE A9 Hold axrt slem

2 e PHoRe] Fgol Fsd AEo @ & Aok A

P
rit
o

3
=
o
it
ofo
e
X
it
=
1o
olol
Hl
i
\jop
J|m
oX,

2 A e 8% FEM Y Bacllus sp. AM651 Bl F A g]¢ FA g5 ©
&3t =A% m
)

1 5243 monacolin K A4ks B wjk7|7tel] w2 gitsiglyd 2 gy

onacolin K A4kso] 43 Monascus purpureus 755 ©]-8& 3}

N

I~
X
Lo
ofol
M

jus)

T Fo wjekS 93 Z1Euj A= 3% rice flour, 0.15% NaNOs, 0.25% KH,PO; 2
0.1% MgSO, - 7TH,O0Z FA4 % Lin's #IAE AM&3t¥ e, & wge T2 d8gd 1 ml
S AFste 30CelA 130 rpm®] £E= 5UZF A" widatRa, & Wi & wdH
FU3 Lin's #j Aol & wj¥AS 2%(v/v)E H7FE & %7] pH 55, MG % 30T A
130 rpm o2 5Y3F v v g3t

TIAE Az fete B A7HAY 3adE APS 5t £33 U E
A5 2 ApEston, gxaor (F)Fznto]| oA AFAYL ] AMEEE GNbE(FH
H)S AHE3 S

2o AFHet EeES AAT ts 3083 FA F 1ARE o] & w7)E st

ZASEE 30T A=Ak A 32 F AR ANA W FE R FAL 2%(v/v)7h
93, F HFAe Pl 7o
335 $50] Fo] Yol YL YAstgow, MY $2 Fol 50T FEFF 10%

Ethanol 7184 &=M4 FEE Y35t 80% ethanolS AF&3lion &= Eoy
ethanol 7+e] Hl&2 1 : 92 sl FZ3Ath =, T 50 goll 80% ethanols 450
1

30 rpmo 2 &3t 80% ethanol 7184 MAE

FE3H At
Ethanol 7}&4 S5A49 AFe TS 80% EtOHE FZ35kal 12,000 rpmol 4
1083 dAEYste e AedES SHFFE AAWMEAA EA4ste] UV-VIS

spectrophotometer (Hewlett Packard 8453, Germany)E A}8-3t] yellow 214+ 400 nm,

red A2E 500 molA 3% FRE @S A9 FINLx goz Ytk =,
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red A9} yellow A9 S 500 nn/400 me] HIEZA iAoz Hlwstg i
1.0& 7|Eo 2 3t 1 o] red A9 A HIEO] =2 ALE 11 o]t yellow
Ao AA BlEo]l ¥ Ao® YR

1 A3, Monascus purpureuss ©]-&35t] B AFHA|N A F&3F FEH O] Bacillus
sp. AM651 v Aok TR B iz FHME ARSste] AlxdE SR
19 659F okt

T 2T

el | mar |
Y & o !

a9 65 2o TR Y A vigF T JEiRish
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Rol W TR AZ3 T 80% EtOHZ FE519S u T2 Ak
¥ 313 Zt}

3 31 o] TRE S A

Pigment productivity(Absorbance)
Yellow Red Red/Yellow

e 28.95 29.85 1.03

=Bl 19.96 21.68 1.08

2]+ 25.45 26.52 1.04
E 313 o], 797t W Al red Mol A9 WETA FHWI} AR e AP
2 ngon, AT A5 taTel vlm A ofzh e Mo YAFE HFor} B
g7 Hrbe AuFe] e A ¢ & ANk oHY e T AsHUnE /149
el FRo webq FRALe Aol BuAE AL ge AR 1 ol§A4e

Afo] wZolgt ATEH.

Monacolin K& #®EZ€A43 ®uYUZd K(Lactone form MK)¢ 243 2uZd
K(Active form MK)Z uFo] #|Z3th Lactone form monacolin K& #HI=H
(mevinolin, monacolin K) X% 10mgs AHWalA Eol 75% A&EHEE 50mpel = *
T8N 2 3, active form monacolin K& EF%F 10mgS AL @of 75% A&
Z 50mpel 4As) &AL F 20miE FSk] 4m/ wio]Zel] €Il 0.05N FASIGEF

5
=
NS E 05m/E DI EFE F ALo)A Ak 0% PH el EFFAE sy of

= A7 FTAe Ve E Az

Monacolin K] F&& &4 0.25g] 80% EtOH 5ml-S 3 7}38}¢] 30T, 150rpm -2 3A]
7t &t whksta X A7) & 245 B S membrane filter(0.2m, Millipore) 2 o #}3lof Al g 2
AHE-SE o H, o]m) AR HPLC &4 2319 o537} 2t}
Monacolin K¢ &2 Luna 5u Phenyl-Hexyl column(250 x 4.6mm)°] ¥ HPLC
o]&to] flow rate : 1.0m¢/min, UV 237mollA] F1Z3} A injection volume 200ZE 3}

i

o] acetonitile : 0.1% Phosphoric acid = 55 : 459] H|&Z §ZA|Z] & IE T monacolin
KE o] 83}o] peake WHH M vlw HLFEA st

Monascus purpureusS  ©)4-3te] F8& Az F 80% EtOHZ FZ319
Monacolin K¢ A4teFe 3% 329} 7t}

fljo

UH
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¥ 32. 2ol =7 monacolin K& A4+

Productivity(mg/ kg)
Monacolin K
21 156.4
A=) 152.8
A8 167.3

Tl A <] ﬁx}%d%@&i}%}*) DPPHS] 8-S o]83= Biois®] WHO=
2738tk Al = 2004091 DPPHE 9 (DPPH 12.5mg< o -2 100meol &3)) 800405 7}3+

ke
3
E3ERESAI713L 525mol A FREE SASH AR 37 dEzTe 248 Plaskid

—_
(e}

3

ol
ol

Z ZYY s TS Folin-DenisH & <&

A\

< tlem, 72+ deE FE= AE
50uoll 2% Na,COs8H 1mle 231, 50% FolinAlef 50E ¥ F AF2oA 303
A3t dkg AlZl & UV-VIS spectrophotometerE AH8-3le] 760moll A FF=E =73}
of 2% REFHNCERE FFS 7AYol

EFEZL tannic acidE AHE-3HY
o FFFAE Tt

Monascus purpureuss ©]-&3te] T8-S Ax3 F 80% EtOHE F=s3s =
&l WE DPPHradical 2AZ4 % & E2|¥E s 54 23+ & 33% 2o

¥ 333 po], 3ZFL wjUdstx] &e win] A o)A DPPH radical 2434 2
T EYvs FgEel AY gle Ae®E ZAE oY, AA ARAA wjg7IZte] dojAd
A DPPH radical 242743 8 % Z8dls &§F JA 371 He S ¢ F Aden, o
Z7Q FAHu 9 vuslES @ X8 F+7F DPPH radical 2AEA 2 % Zgds 3=

o7 ZAF HAG ©

B 247 56.7%, 9022mg/kgl®2 MY ¢ BHE UEd= A
= 2 57 AgTe 28 AAoM Aidste A=A E] 5 s anE
B= Ao AR "ok

- 138 -



==
%7

i
>
i3
U.?{_';
ol

o

33 &9 DPPH radical 2 A&4 2

g A g %

=13
=

DPPH radical
scavenging
activity(%)

DPPH radical
scavenging
activity(%)

Total polyphenol
contents (mg/kg)

Total polyphenol
contents (mg/kg)

FAH 53 53.7

891.4

T8+ 4.6 51.4

886.7

2T+ 5.1 56.7

902.2

Q)

H} 2]

[e)
o H

L

2wy

o

ACE A& 42 Cushman?} Cheung®]
A&

preincubation*] 7]

10009 100mM sodium borate buffer(pH 8.3) 1000E
t}. 7)o 71A=Z A HHLES 50uE 7}t ot
JHS-A1Z1 3 1IN HCl 250405 7F8he] whe-
st 30%%F vortexingdt Tha 3,000rpm o= 153-7F A4
st o
borate buffer 1ml<
Al kst AT

Monascus purpureuss ©|

=
v

S

o
=

T

&

Kol
T

ol

K 5

o
i

) g
5

S 120Co A 4087 A3 AxAZ]
7hele] &3] &s|AA 228mol A &

3 =
A=

[e)
=y

% EtOH=

A=

ot TS AxT F 80

]

3 < g

o,
filo
A\

o & ACE (angiotensin converting enzyme) #|

Zz=21

sd a2

ACE(angiotensin converting enzyme) #]

¥ 34. &9

7}sk
Al 37Col A 30&3H

st =SStk
&, 37CeA 5%

HAAAXNAT 7]l ethyl acetate 1S 7}
A 800uls A
Z719 100mM sodium
A5t ACE A&

5

32

F=

ACE inhibitory activity (%)

2y A

53.5

78.4

41.6

45.8

65.6
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angiotensin- [ 2] CZ'@ His-Leus Aw@3}4 angiotensin-I & AJAJsta 4

E A9l bradykinin®] t3 2893} &4 0|22 ACE A3 A= ACES] &2 A3tz H
&

719 Wuj o % ¢k 40~50% A%
=2 e e Ao g 2AME o, wa v} §H A ACE Al ETE Ax Z7tete

o Asla
A0 2 ZAE T L A, 2Rl FAM S B da Foll 78.4% 9 Ml A =& A At
£ Yl e, A2l 57} 65.6% 2] ACE A &35 Yetll= Ao & ZAE T

olglgt AF}E BYS o, 27 FHH Hrhe ACE Al & 7F g o) B Aol A
# 2 8}7} o] Fol Itk

L
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e

- e ARl

(total cell

3x10%/g viable cell 4.1x10°cfu/g)

=

o

8

L =
&+

o 1

=

Njo

20 %

100 %
30 %

20 % |-

20 %
100 %
100 %

2
T

<F

EFEFH

AR

43t 7= A

=i
B

82 40 % |- A=rlg JiE

b

oo

o

]
=

R 71 A

O in vitro test

X
71578

1

9
y oA

°|&

=)
=

NESIRE

i

\=e]
==

7

O &4 =Hnlstd

100 %
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=
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=
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