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< SUMMARY >

| AEWE | D-02

Purpose&
Contents

¥ Purpose

— Selection of existing micro—organisms for eco—friendly agriculture and
development of mass production system

— Targeted Microorganism Mass Cultivation Training and Consultancy for
microorganism Practitioners in Kangwon Province Agricultural
Technology Center

— Practice of environment—{riendly farming Characteristics and utilization
method of beneficial microorganisms for farmers, education and
consultancy regarding environment—friendly agricultural products
certification

— Selection of beneficial microorganisms based on on—site evaluation of
different crops and development of optimal usage method for each
crop

— Stability and safety analysis of useful microorganisms

— Establishment of dissemination system through dissemination of useful
microorganisms and preparation of handbook; and construction of
network in Kangwon province among 18 cities and counties

% Contents
1 Detailed task : Development of a mass culture system to use useful
microorganisms for eco—friendly agriculture and
analysis and supply of biological characteristics
— Selection of existing micro—organisms for eco—friendly agriculture
which is currently being distributed
— Development of mass production system of microorganisms for
eco—friendly agriculture
— Efficacy test of friendly agricultural microorganisms in the centre for
crop growth and soil improvement
— Stability and safety analysis of environment—friendly agricultural
microorganisms, complex microorganisms and applied microorganisms

2 Detailed task: Establishment of test method for efficacy and use of
environment friendly microorganisms

— On-—site evaluation and crop selection for environment—friendly
agricultural microorganisms utilization in collaboration with local
governments

— Effectiveness test of eco—friendly agricultural microorganisms

— Establishment of optimal use of environmentally friendly agricultural
microorganisms

— Investigation of microbial ecological changes in soil due to microbial
application of environmentally friendly agriculture

— Dissemination of eco—friendly agricultural microorganisms and
handbooks targeting Kangwon province 18 cities and counties




3 Detailed task: Training and technical guidance on microbial / environment
friendly agricultural products certification for each city /
county agricultural technology center in Kangwon Province
and environment friendly farmers

— Training and consulting for microorganism practitioners in 18 cities and

counties at agricultural technology centers in Kangwon Province

— Characteristics and application methods of useful microorganisms for

Purpose& agricultural managers who are carrying out eco—friendly agriculture

Contents Education and consulting

— Conduct training and consulting for invited experts from the National

Academy of Agricultural Sciences, Universities, and Microbiological
Construction Center

— Conduct education on environment friendly agricultural products

certification

— Establish SNS through education and consultancy, supply microorganisms

for Kangwon province and build microbial network for Kangwon province

— Kangwon National University eco—friendly agricultural research center

— Encourage eco—friendly agriculture—related government budgets to be

Results consumed and operated effectively and economically

— Development of science—based agricultural industry through vigorous
research, job creation and economic value creation

— Acquisition and dissemination of original technologies and related papers,
patents, and research technologies

— Continuous study of useful microorganisms and quality management to
Increase activation and efficiency of microorganism culture station

— Reduce the cost of microbial supply and reduce the economic burden of
farmers through free supply and strengthen competitiveness

— Contribution to eco—friendliness of agriculture field through activation of

Expected . .
o microbial supply
Contribution ) ) . .
— Through Kangwon province network construction and organic cooperation

between industry, academia, and province, we continue to promote
technology and farmers' education, thereby contributing to the stable
production of eco—friendly agricultural products and the development of
eco—friendly farming methods.
Sustainable Useful , .| Mass culture of | Effectiveness

Keywords eco—friendly . . Strain selection | . .

. microorganism microorganisms test

agriculture
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E57H4(=) BIE7(E) WAr(kg, L) 32¥(k, L) /24 33 DR SHA|
NE! HEo)
= ] ] ] PYYEP” A
L %% b ek %% st %% kg L )
A 65,004 11,936 20,852 1,752,434 705,242 1,701,325 683,179
. 3,000
= 6,604 100 26,600 23,000
/102/§
= 8,322 753 10,000 140,000 130,000 130,000 120,000 2
45 7,460 397 300 42,000 73,000 39,783 71,437 2
e 3,860 710 150 32,000 5,000 31,000 4,000 =
=] 7,423 4,595 2,900 310,000 150,000 310,000 150,000 &
Q/2A | 1,900 (Z
g 6,979 2,764 1,101 100 160,000 35,000 146,000 34,000 72 _ N 800 =
88 2T
Fi
°= IE 8,000 1,550 130 230,000 56,000 224,000 56,000 2435 2
M 3,320 700 445 196 31,000 24,000 30,000 22,000 FdE3= =
. |/ | 11,328,00
e 4,186 877 1,104 622 80,921 135,332 79,059 130,832 45,312 =
BE od
Cian 187 187 46,503 45,073 FdE= 250/1L 45,073 g
QA 3,425 318 1,497 160 310,000 50,000 300,000 48,000 2435
ks 2,332 425 822 67 330,000 40,000 330,000 40,000 Fd3= =
FeF 2,906 397 696 181 13,410 6,910 13,410 6,910 2432 =
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- a8 ey 2552
229 ol g4 239 ol g4 g
24 = B. subtilis EANY, 2285 A
HF HHdE A MEEEA A, gl SYA HRM2A ME"2(A AFRYTE, oA A =2
E2oHE AastE A A4S, gl SYA 2EHE HastE A AFRYTE, oA A =2
HEHHB A O] A2, gl SYA EHM (A 77| 0| AFRYTE, oA A =2
APZFROFOJAL A A2{H]| 2] 0f A2, FaSYA ARZFROFOIALA M 2f[H|Z|off APRYTE, A A =
SE-E; RAT} A2, el SYA o
g5 2EHE EatEt A4S, el SYA Z2HE EtE A, BEHM =2
HdE A MEREA A4S, alISYA HhdE A MEH2(A AFRYTE, of A A =2
APZFRD[M A& M 2H[A0f A4S, FalSYA APFEZOIM A M Z2H]A|of AR, S487t =2
HEHHE A DUERY A2, galSYA S EHR A THERY ARHIY, S487t =2
AbA accharomyces cerevisiae 2SS accharomyces cerevisiae At2- 7} 1=}
Bacillus subtillis 225, Fol|EYA Bacillus subtillis AR 7L, AFAA =
Lactobacillus fermentum 2AEME Rhodobacter sphaeroides Q2| A =3
Rhodobacter sphaeroides Z2HEME L=
23 Cluyvera sp. CL-2 48 QULAEIHESH Bacillus sp. NIST-1 P A A 7
Bacillus amyloliquefaciens. CC178 Ay ZTo|EF FYEY Y o
Bacillus sp. YJH-051 Nz Bt EHF MgA H of
Bacillus subtilis S37-2 KACC91281P MEEZ Y QAILRE Rhodobacter capsulator(Z&4) AHHH, FAHAtROIZ
+Bacillus sp.KACC 91195P Iz BHEo| oigh &RlF st Saccharomyces cerevisiae(&.2) Jt&Ho| g =3
Bacillus subtilis S37-2 KACC91281P MEEZ L QALTIES) Lactobacillus casei(g-4t) 7t£E0|g, AL Z|H = =
+Bacillus amyloliquefaciens C178 EOtE, 20| =]
Bacillus subtilis S37-2 KACC91281P LR, AU ZLO|Y oy
+Bacillus amyloliquefaciens M27 =
=
kluyvera sp.CL-2, KACC91283P Eggg%fzz{q;’,f:é;%’
BRQUF(BYR) A28, 71590 2
Bacillus subtilis E¥Edd i
Rhodobacter sphaeroides EYEEd M 2 Me&32
Lactobacillus plantarum EYEY MM, 7t5FEMM
Saccharomyces cerevisiae EFEEd 7hMd, 7tESEMM
Lactobacillus casei EZEald JhMd
M Bacillus subtilis ZrEMg, Hol| 24 Rhodobacter capsulatus QUZ A 7+
Rhodobacter capsulatus 24248, EYNT Saccharomyces cerevisiae HZAE, f7|1260
Saccharomyces cerevisiae EH|ZEE, 7|22 Lactobacillus plantarum HRALR, A5G
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- —
= 508 N e
= = ™
=3 0| 4 =8 0| Y =
Zd ¥ HRAEl A ME"E A O A37-203 A2 B ESHYA #HEELA ARZFE NIST-tZR AR 7F 2 A A =2
HEELEA O AL NA-1FF A2 S SYA HEELEA OfAL NA-1FF AR 7F 2 A A =2
HhA2{ A Ot 22| FmpA|ll A CE | B2 A Ot 22| FmpAlQll A OFF{ | A, & Z A =2
I =Y 224, HollEwA, BN =7 ArEH7E, 2FF A A oq
i ick A28, S, EYHY e ArRE7E, A A o
s A2, HlEYAH, EYHY s AR 7E, 2AFH A A o
nzg el HollEwA, BN Lz A2 7E, A A of
kRt 284, HallEHA, BN Rty AR 7E, A A o
AH| EMEEY EPNE 2 48 2 EMZra o =+ 2 AHAA g2
Bacillus subtilis 2rEMg 4 Holof Rhodopseudomonas Palustris HXAR L=
Rhodopseudomonas Palustris Agds ¥ AHAA =
Streptomyces griseus Argds 2 gl N
ool 3/A & R ADIA|H SO B|A B ZAF AFZ
2 B A AEEE A =0 M 3 2, GEAH], APZHEO[O[ A A AJEH]A[of 20 3|4 &, A A o
© 2 2 24 = oA ol 24 = -
EH M7t & =5 2 ME 7t S
oo 5|M 5 =R CHA|H Do 3|A B ZAF AR
2cuE Amzolc =0 M = #x 9Y [H], aEuAE A ot 20 34 &, = b o
Sl #7t § g4 U AE ¥ 5
Sof 3|A B =X A
APPF2OIOIA| 2 AJEH]AJOF 20| 3M & 2, GHEAH], a
S
EH 7%t &
Sof 5|A B X A
arsdiaE A F1Ro] 20| 34 & &, GHAH], 9
H MIt S
EH 7t §
QFoF Bacilius subtilis 2HEM G, Hafl 29| Bacilius subtilis F A A =
Saccharomyces cerevisiae 22, Hol S| Saccharomyces cerevisiae R 2| A =
Lactobacilius plantantarum 22N E, HollE4A Lactobacilius plantantarum QR 2| A =
Rhodobacter sphaeroides 2AEM S, Yol LA Rhodobacter sphaeroides P A A =2
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£ ArgH[(HE)

FE
& A | ]| Al ]| 7|Efof| 2t
Al M x| H| 8,671,570 2,502,810 1,552,000 1,915,760 2,701,000
e 2 2FH| 1,976,394 12,150 1,964,244
°= oIz 574,063 0 574,063
7|Ef 648,821 2,850 645,971
R 0
23 A =2gH 0
=T QIZ4H| 0
7|Ef 60,000 60,000
Al x| 0
o = EECT 102,300 12,150 90,150
=T Ol Z4H| 20,374 20,374
7|Ef 193,200 2,850 190,350
A| A M x| H| 40,000 20,000 20,000
2= EECT 100,000 100,000
QlzH| 15,269 15,269
7|E} 23,200 23,200
Al x| 10,000 10,000
e 2 22FH| 65,000 65,000
e QI H| 0
7|Ef 60,000 60,000
A -] 0
s EECT 807,100 807,100
= ol Z4H| 197,580 197,580
7|Ef 0
Al M x| H| 6,753,000 2,146,000 1,552,000 354,000 2,701,000
. 2 2FH| 88,950 88,950
e O174H| 29,500 29,500
7|Ef 50,000 50,000
A Hz(H| 0
- 2 22FH| 102,000 102,000
° ol 7AH| 41,000 41,000
7|Ef 70,000 70,000
Al -z H| 16,707 16,707
M EECT 46,000 46,000
°r ol 7AH| 60,000 60,000
7|Ef 6,000 6,000
Al M x| 673,620 336,810 336,810
e A 22FH| 243,600 243,600
=t Ol 74H| 41,178 41,178
7|E} 16,000 16,000
Al M x| H| 551,243 551,243
o2 EECTT 20,000 20,000
s oI ZAH| 38,905 38,905
7|Ef 4,801 4,801
Al x| 20,000 20000
o A 22FH| 121,444 121,444
= Ol Z4H| 52,567 52,567
7|Ef 86,620 86,620
A x| 607,000 607,000
24 2 2FH| 163,000 163,000
° ol AH| 20,500 20,500
7|Ef 0
A H-z(H| 0
oror T 15,000 15,000
Q17| 16,190 16,190
7|Ef 9,000 9,000
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(Wb iz s 284 A=

O &% HA 3

BH 2F Al 2 28T 30T 35T
0 0.15 0.15 0.15
4 0.25 0.3 0.4
8 0.55 0.95 0.85
12 0.65 1.85 1.52
16 0.85 2.4 2.25
20 1.05 3.01 2.7
24 1.35 3.4 2.95
28 1.65 3.44 3.2
32 1.82 3.2 3.3
36 2.0 3.15 3.45
40 2.5 3.13 3.42
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== 280C
== 300C

350C

10 20

30

Times (h)

40 50

a3 3. v

— 19 39 daz AujuekrielA Lzt
of 7Hg =3t AR wjFeiel A vE=Ee]

@ wHkEEo] A3}

- nxF A WPert

A zhzte] o)A

30

TZ 3%,

olx 7] 9)&to] oHu] wjek7|oA wRFEEE 50rpm, 90rpm, 120rpmC.2 48

a?(-]%lj

T 21x10° CFU/m=E #2459

FrlRe 59

To) @& 0.D7Fe W3

= 30°CO]_0_ O]— 2= O]%\—]_%_

-

15 stol AH W

40

AlZke] WE O.D#FS F35] Wk

HH 2 Al 2 50RPM 80RPM 120RPM
0 0.18 0.18 0.18
4 0.26 0.45 0.5
8 0.54 1.2 0.82
12 0.68 1.9 1.55
16 0.88 2.38 2.3
20 1.09 3.1 2.6
24 1.30 3.42 2.9
28 1.62 3.45 3.05
32 1.72 3.35 3.3
36 2.1 3.25 3.4
40 2.8 3.2 3.42
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4 -

35 - w=@==50RPM
' ==90RPM i
3 1 120RP

2.5 -

E‘ v

D

o)

0 10 20 30 40 50
Times (h)

O 4. avtE R ©E 0.DAte W3l

— ¥ 3Y ¥ 49 Ao x99t BUIHS FUI 2HoE wRkEEE GEsiS u )
71l mxe] A= 9ORPMOA wjers -9 A& o2 O.Date] a1 v A (ko]
24X AE AQFH= AoR YERGS. wEhA FHA Y vk 90RPMO.E #dtk .

m

— %714 vhggofolng w1 x4 Wi EE HA X<l 30T, wHFEE+= 9ORPMOZ &)
3, 718 £714L OL/min, 50L/min, 100L/min®. 2 3&Fal DS—F250 4u] HjoE7] ol A]
0.D%S S743st] Hks.

HH 2F Al 2 OL/min 50L/min | 100L/min
0 0.2 0.2 0.2
4 0.24 0.43 0.45
8 0.34 1.25 0.82
12 0.6 1.93 1.65
16 0.8 2.4 2.25
20 1.0 3.2 2.75
24 1.20 3.45 2.92
28 1.52 3.46 3.2
32 1.7 3.4 3.41
36 2.0 3.35 3.48
40 2.5 3.25 3.4

% 4. B71%e) 02w A3
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=@=0L/min
| == 50L/min
| =fe=100L/min

0 10 20 30 40 50

Times (h)

I 5. $7)F] WE 0.D#S W3}

— 3% 48 I¥ 59 AHE nxS TU)H U0 R Hjgo] o] Fojxek st HA o] 2
50L/min®. & e, 1% 50142 growth curveE & ] wylo] HE= Z7dloA
7] Fol olFofx A ¢k
= 4945 4358 5+ 9
wjek7lell A A8 A 2|

T FEE AU 1x107~ 8x10° CFU/mY) Al sE® EAEAS.

o

rlo
o,
o
b
P
=
o
Ho
>,
)
O
g 3.
5
0Q
|o
il
oX
oX
)
rO
oZ
fo
©
2
o
= o oo ro

f;
i)
X,
£l
23
i)
o
i
O
r o
o _IE
1S
o
)
rO
ok
r
%0
¥
=
12

A7 22 A

o,
1o
i
12
1o
=
)

N
o
gt

O ZgA~A Wk
— Z#}A~3 wiokA] LB agar plate©l A single colonyE LB brothel E3te] vlstSo.
HjoFE 35 LBS brothell 2% Fullef, Sl S Al wokste] x2xpgAdo] 2 b

obetis FFE Auatgle.
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@ Lab scaledllA] Aol 21 HE

— AtE FH4S jar fermentor WA ¥AEA FEEZQ DPA FH7Eske] wierst Ay 1
d 6 Axl Ao =] AV FPE= T
& O¥ 79X BoFa glom ujek 12413 AR A Golo EatE= AlFe ZAEA
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FEAZ Aol 124302 WS ¥ TR St FHUL FAT 5 AU
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16+ 15 7.6 105 r 20 r 32

Formation of foam (Adding of antiform)
14 4
L 18 F 31
By T4 /‘\/\o—rn
14 -6 o r 100 r 30
12 4 e L 16
< mt 721 T =1 29
o s 14 H —_
S 124 104 F95 = > 289
= -— i <
1 ol O 2l E g
< s o ® 27 3
H o I -3 = ®
3 = 8§{ & (7] & 5
S 1048 6.8 - too g T10 ¢ +26 &
= [=] 74 A o o £
o ® B 5
[ 8 ©
2 ® 6 21 £ 12k
@ 6.6 - < <
= 084 5 L85 b 24
m 6 <
< 41 64 b 23
3 a4
0.6 4 + 80 b 22
21 6.2 ,
. F21
0.4 - 0 6.0 e ) 75 Lo L 20
0123456 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25
Time(hr)
-O- pH

—&— Agitation Speed(rpm)
—A— Aeration rate(m?/min)
—&— DO(ppm)

—O— Temperature(°C)
—A— Inside pressure

1% 7. Batch culture of bacillus subtilis in 7L Jar fermentor with industrial media.

ok 2041 7HA) (7L Jar fermentor)) Wk 36A17HA (7L Jar fermentor)
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2 ourolx] glom, daruiFrl e A9 () aupol 8, (F)CNS, (F) Hwl et 7F

of wet v=7] W&
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Hleotz ZF wjekr] Fefel uh
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e Total volume
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(R e P =
o Al AL (F7)CNS
e Total volume : 1,350 ~ 1,500L

e Total volume : 700L

€ MHAEQ7]=AH
o A ZAF (F)CNS
e Total volume : 1,500L
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Fadstn XA s AT AE
o A A} (F) Hul Y
e Total volume : 3,500L/5,000L

— ofef e} &2 Pilot plant 2§ &t A3}E gHstn FE/ I Ade] A&

@ Pilot plant A&
— Lab scale 235 EUlZ AWy %3S pilot scale?! 1.58 #jF7]o 2 &3sto] gk~
A FulFS AAEH L Eujofo A AdkE wijx]|E AFE-5Fe]  Hl9F profile2 &2l

[e)
HokS

12} Pilot plant ¥i%F A3} (EAF-1.5% vjF7])
— 12} viF & FH@ ol 93k BA3 Av 8.65x10Y cfu/mlE lab scale®} AFSE A3tE 1.
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1%

Zt A 8e AAAHNE O9 9oAAH AA FaEvAES BdaEA o] =Edte] sRE =
Asto] BTH(1Y 10, 11). FFAA M-S Rhodobacter spaeroides =4 1ml(g) & A8
A1 9mlel gol E3tste] 1:10 A AE v 5 olE 1mlE H3ll g 9T ImlE
gol 1:10% A NS wEglth o] & RbEsto] Wik e 1:10°7k4] ZAIst & 242+ 100
pl’s petri dishell &% a3tk o] petri dishs 32 oA 48A17F <k vk & sld
HE o F2Y FE AFst & HAES A4=35] 1mled CFU(colony forming unit) & =
getait.

4 - !
4
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\
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Ko
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L

i
Lo

X
AE 5B Al & AR efdETl ol FEE A
22 N BE Aol AEAME sttt I A 4.47Xx10%fu/m, FETER7
10%cfu/me, AHAER 71 AE Q] WA = 1.30X10%cfu/ml, J L7
7

12k 24 AaE B 22 FR9AT v

2 A sel WE #2d 9 Favde SEdYe 44 19 12, 13A" I 5 it

v & (2,40040) |
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a9 14. 22YE DifcoAtd LB HiA o] HF3st EakA3 Wi (500m E2kAF)

27 B4 A AHAFER7IEAE Ane fFavdEe] FEE 2.53x10%fu/m, ()l

FEH FaAVAES sEE 2.93X10%cfu/m, %‘:%k%%?jﬂ%@‘ﬁi Anj e FanAYE

FEE 1.57x10%fu/m, FLIEA7IEAE A8 FEarAdE FEE 3.0x10%fu/m,

ZATEA7EAE Ao FEUAE FEE 4.87x10%fu/ml, AL EA7)EAE A

o FEVAAE %Eh 1.50x10%fu/mt, AFAEG71EAE dn)e] FavdE T2t
X1
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3) ZF AAAE FHAdAe] S E

— 2t ARAEE AR FRAAT vAE A e RN single colonyE ¥ 5k
Difco LB, Miller (Triptone 1%, Yeast extract 0.5%, NaCl 1%)°ll AE3slo] A2
MR TS oI5k ar, wjFd S glycerol stockdlo] & AF EHZQl uFE 8l ¥F
Hols 712 Ao &Lt (1d 14, 15, 16). 4 A5F 5L #F5 ALEs+=

A7 AE O] FFAERE BReo] 52 FFES Bt AAFAL

01-r J&,‘l‘m

% 15 Z=YE Difcortd] LB HijA] o] HFst EeA3 viYg (5,000m E2FAF)

D FATEANEAE @ P ARED @ FANEANEAEH @ FF7EAEH
® JRTEEANEAE © FITEANEAE D A7 507 &Y

puil
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2. 339 JE AN (Rhodobacter spaeroides) 8] 71% A5 54

deE THoE QAT ARE dAARRE] AdA A Felshsl

A2 SAste] M-S LA 7 = platee] H
UER= colonyE 1#4F2 Eeldt #Fas AAuSE A
A

.

(2) FFAAALS Achuier 2 573

o] Ao A3 E2jujA] £+ Cohen—DBazire 53 Sawadaso] A3 A E WY
slo] Abgsllor, 1 2AE % 59 #tl Trace metal solutions 0.45um filter 2 3}
iAol w2 H7hetlom KHPOy 94l pHE 6.82 243t Hd & iAo H71sksl
t #FE ST o VHzAE FAB] sk Ald#del ¥WiAE 7S A ol
npE grol W A El el A 34CE FAISHEA A weFst A 500me AHzEE ek Aol vl A

= 200m¢ A9 wieFskith. 1917, 19189} o] Zhzhol A oA FA o7 HhAlsE A
TS FAOR F2A Mo dhalo] wE #FE Aol eksl it

X 5. FPAAAA B2 E Y3 Selective Medium

T % g/l

Sodium acetate 1.0

Sodium propionate 1.0

Yeast extract 1

NH,4Cl 1

MgS04.7H30 0.4

NaCl 0.1

CaCly.2H20 0.05

NaHCOs3 0.3

KH2PO4 1.0

* Trace metal Sol. 1me

* Vitamine Sol. 1md

T g/t T g/t

* Trace metal sol. * Vitamine Sol.
EDTA 2.5 Biotin 1.0mg
7ZnS04.7H-0 10.95 p—amino benzoic acid 10mg
FeS0,.7H0 7.0 Nicotinic acid 100mg
MnSO,4.7H,0 1.54 Thiamine 100mg
CuS04.5H20 0.39
CoClz.6H20 0.20
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— Aol A Aso] s 755 AAYsta, 4" d5= 16S partical sequencings
Z3 FAM39tt.  SequenceE rRNA  o|xtxE  Fadtal  alignment 3RO,
Psimilarity gb-= 7ot APAY A€ QA7IALEe M= 557bgler, A¥E 471
gL obg) Ao} v} Similarity o] ¥ 43 Rhodobacter spaeroides +AHdo] w4
Ak AR ARyt 7pE 5238 #F= Rhodobacter spaeroides@® & 57 a3t}

CCTGCAAATTGCACCGCACATCCGOGAGTGCTTATACCGCCCCCCCTATTIGCTA
TTATTTACTCCCGATCOGTTTCCOGTCGOGGTACACCTAACTTIGTTITTICTGAG
GOGLGGLGCAATACACTAACCAGCACCAAATACCCAAACCOLOGOCCOLOGOGTCCA
TCTCCCCGOCGGCTACCCACTACCCATAAATCGAGGGOGGGGCTATCTGATTY
TTTTACTACCTTCCGCGGTCACAAGCGCACGOGTTTAGTGCGTGGCGTGTA
CLOCLOCGOCLLLCOCAAACACCLOLGOCLOCCCACCOCOCCCCCLGOGTTCACCCOTOTAAA
TCCCCGACGATTGOGOGTGOGTGGAGGTGGGAATTAGAAATTTGAGGAGAGGC
GAGAACACTTTTITGACATTTTIGGGGGGGAACCCCACGOGGGGGAGGAGGAGAGG
TATCTTGGOCTTTITTIGOGTTTITGTATGOTGLAGOGOGTOCOTAGGLGLGGCACAGCCTY
TTTTACGGTTTCCCTGTTACGACTTCACCCCAGTCACTGATCCTACCGTG
GCTCOGOGCTGCCTCCTCTTOGCCGAGOGTTGOGCGCACCGCCTTCOGGOGTAGAACCA
ATTCCCATOGOGTOGTCACGLGLGOCLGAGTOGTOGTACAAGGCCCGLGGAACGTAT TCAC
CGCOGTCATGCTOGTTACGCGATTACTAGCGATTCCGACTTCATGGOGGTCGA
GTTGCAGACCCCAATCCGAACTGAGACAGCTTTTTGGGATTAACCCATTG
TCACTGCCATTGTAGCACGTOGTOGTAGCCCAACCCOGTAAGGLGCCATGAGGA
CTTGACGTCATCCACACCTTCCTCCGGCTTATCACCGGCAGTTTCCCTAG
AGTGCCCAACTGAATCGCTOGOGCAACTAAGCGACGTOGOGATTGCGCTCAT TG
GGACTTAACCCGAACATCTCACCGACACCGAGCTGACGACAGCCATGCAGCAC
CTGTGTGCGATCCAGCCGAACTGAAGGAACCATCTCTGGAACCGCGATCG
CCATGTCAAGGOGTTGOTAAGGTTICTGCGCOGTTGCTTCGAATTAAACCACA
TGCTCCACCGOCTTOTGOCOGGGCCCCCOGTCAATTICCTTTIGAGTTTITAACCTY
GCOGGCCOTACTCCCCAGGCGGAATGCTTAATCCGTTAGGTGTGTCACCGA

a9 19. =4 A3 (16S partical sequencing)

(3) #5929 HE W ALE

1™ 20. BFAAALY LA

— ®a3t FA o (Rhodobacter spaeroides) = 20% Glycerol stock solutiong W& -7
8C WEale] RASHA ARSI, HFYo = AFE3st7] fsto] AHS 1Y A d&s
oAl A dls ¥ LB stuiX oA 1-23] Algnjerst & @adaela RastiaA 15:Y

b Abgsit (29 20).
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(4) 5 A 2 BAE AR
LB A=A (g/ £)

Casein peptone s 10
YVeast eXtract - 5.0
NaCl 5.0
Agar 15

(5) Flask Hj<k
— 10 «uk flaskel LBHIAIE 250m% 21 121TCelA 1583 Histo], A59S 3% &
% % 32T, Rotary shaking incubatorolA 120rpmO.& 48A17F vjeksld A Al5E AF

o

sto] wAsklth (Ld 21, 1% 22)

a9 21, Z8A3 vl & du) A AR (1,000H))

¥ 22, E2AA AA S
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(6) Jar Wrazx wjek

— LB stdujR| oA 48 T 72A17F w9t Ak #FS LB AW A] (baffled flask,
200m/500me) o] ¥ a1 48/\] ZH(327TC, 120rpm, Rotary shaking incubator) HHO
HAFTHo=E Ao, AFd drd (1000X ) o2 QRS St &2 &
HE skt JarHLEZJ ka2 ofe g} Aok (¥ 23).

a9 23. FFAAHHFY jar—fermentor B

D Fermentor volume : 7 ¢

@ Working volume : 5 ¢

@ Culturing time : 48 ~ 72 hrs
@ Inoculum volume : 50mf(1%)
® pH control : Not

® Temperature control : 32T
(@ Aeration rate : 0.5 ¢ /min
Agitation speed : 50rpm

© Sterilization condition : 121 C, 25min, autoclaving

— Y Wi xAoR $U)A ZAOSE 70 jar fermentorol A 48 T 72A1%F wijokS St Azt A
Adrdol st JyES & 5 A%, olF EURE pilot plantel 4l scale—up©l 7
kS 3ol 8k 4= Qi)

- 7 Xlx}iﬂtﬂ BAeh vdE ekl ey a3l gl MR gE7] wie]
o] Fdste: vk a8AS AR e daE dEhdu ofd J[x A4 E lab
7], AeuiFrlol e aad HES AFsATH(1d 24)



|
ey
j=d)
=
o2
N

16
14 s | ah farmentor
12 == G HIH{ OF 7|

- 22427

40

o 10

20
Times [h)

30

TOF 25, FRAAE w2 (0.DFED)
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ol 1] v % 7] Jar—fermentor ¥} %7
9 24, B E W] T 2 FH
£ 6 7 WIrd 4 =34
A Lab fermentor off u] \)) % 7] 23 1)) % 7)

< =(T) 30 30 30

292 % (rpm) 150 50 90

& 7] #(L/min) 5 5 5

- ¥ 69 Wk 2SR Jar fermentor, NB|HIFT], At wjeF7]o A wF AlZE

0.DFke SAATGE 7). 2 w7l Fefol whet #i<F profileo] H=A YRS
25), o] A= FxACoE W wikI7E Aujaielr] Roe vk 2840 =
= ¢ T Atk



¥ 7. Wi Azt ©E O.D3t 23

e T Lab fermentor o 1] vl < 7] A3t vl % 7]
0 0.05 0.05 0.05
4 0.12 0.09 0.1
8 0.2 0.11 0.16
12 0.31 0.18 0.28
16 0.49 0.26 0.46
20 0.72 0.33 0.67
24 0.99 0.45 0.96
28 1.21 0.55 1.15
32 1.31 0.67 1.25
36 1.37 0.8 1.25
40 1.38 09 1.24

- ¥ 79 Aol FFA AT mFAIZES 327 3641 wjfo] AdREHJAT FHE
#telA Lab fermentorolA 9] Zto]l =2 e Yehlith o] we] A= 3x107
CFU/mlx Stk & 71X Ayfola Ht2l wjkr el fFAsHAl vlieko] 27}
Hj k7= Aokl ol g wjekE wjekololl o, My 1x107 CFU/mE 4] =it
o] A¥E HoS Wl MEFd A Anpdar|e) A A7 ArpeiekrIEA Ea ] )
F719F gEo] iy a&ido]l £ FoE dAEo] Mo

A7 AR

R4

a9 26. ¥ FE F AR @ AFA, plate A
HEPI| W FFHF AFF 53 3.0410%ell/ml(spottig method AHE)>

67



3. MRzl WE FFAAT A5 EA

H]

Kl

68

O¥ 27 AeEE AR 44
- FAE A= dRbdor 7 83 ol AE wiAE dEsto]l FFHAES st
L glew, o] AL Adg MdrIv o wiFTlel Aol Thed A OR o] FolA
Atk TIH 272 % 8% Y MAFRAH R wEoxl wixAdgeln, WA R o] Fo
A Stk o] A A &l Hiel o] FAES RAUEFCR FAHY das F
& 5 olth AEFS 289 Az WA W) R A4 B g 5 A
4 # F F%) | FAdF(ke/E)
FAYEF (AT 0.30% 3.0
YeastExtract 0.001% 0.010
(NHy)2S04 0.050% 0.50
MgSO4 . 7TH20 0.02% 0.20
NaCl 0.010% 0.10
NaHCOs 0.020% 0.20
KH>PO4 0.05% 0.50
Na-Propionate 0.050%4 0.50
H8. AR A FFH= AR FFA wjgE w2
ol Ao R wiekd FAA vABE WA A 19 28, 2939 o] F=H 4
7120 7 o] ol A A= wiFE S ST & AT 3E 83 o] AE w4
W= S wet d2A vkt oled 242 A7y Bkl
Qe e FFS F wu AWk (10%cfu/m) o] 7t EE FAE miAdS EqlE
T Atk b wfeFel Ajge] tistol AAS At ¥ 309 o] yERkth



BEFd A48 wxNM e FEAT i

a8 283D, 29(9).
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il

A @k vl AEF B6<! pyridoxine

Aol S48

boi

S

ZxH]

37

juc)
=

o] gl A
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H
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Ql yeast extract ol W FIAAAMF S EA
+ vyeast extract® FTFE LElste] FFFY SAS Lol BHUATE Yeast
extracts BrdhE 9 AAARE, vul"E, HlE ARor FAE Qith olyst 7444
BES BT aEE wiekel frEfstth. Yeast extract®] F&

[e]
t}. Yeast extract® T8k ofv| Aty &F, 123 vlEpW o] ShEFE FE Mol 4
5

¥ 9. Yeast extract 2] opu| A ZA]

AEL 9 109 7

FoF QAR Agea Yor], TR mek FPYATE APl YT

ofm| =it TR/ | ¥ (mg/100g) | obv|At T7 | &% (mg/100g) | obv] At F7 | % (mg/100g)
Alanine 8.8 Leucine 7.6 Tyrosine 2.4
Arginine 5.1 Lysine 8.0 Tryptophan 1.3
Aspartic acid 9.9 Proline 4.0 Isoleucine 5.5
Cystine 0.9 Methionine 1.4 Valine 5.9
Glutamic acid 16.3 Phenylalanine 3.7 Threonine 4.6
Histidine 2.1 Serine 4.6 Glycine 4.8
* Expressed in 100 g of raw proteins
E 10. Yeast extracte] HIEFIZEA
HI Rl F5F &% (mg/100g)
B1 (Thiamine) 15 7 110
B2 (Riboflavine) 80 7130
B5 (Calcium Pantothenate) 200 T 400
B6 (Pyridoxine) 30 7 100
B8 (Biotin) 3 710
B9 (folic acid) 15 7 60
B12 (Cyanocobalamine) (xg/kg) 1 75
PP (Niacin) 600 ~ 1000

* In mg per kg(ppm) (dry matter)
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— Yeast extractZ PA6003 FAO28H= AFS olg3to] F 113 22 Ao FL3 u)
FrANA FEAAALE FS AT Yeast extract FFoll weEtA B & A g
@rﬂb O] Zpol7b Qlo] o] HiYel dFS mAH. wEbA B AT = x

% stul 989 SAS Rl AL s T8tk olE QI8 FdE o w
3}"30 ol vjA ] M= FRlstv(2d 31). =3 F HEA 7] pHE Hf |
= 77] el Ha A-$9 pHE HESIH ol9] AA] wjcke] SlolA mjekzz1e 500
m¢ baffle flaskﬁ} odk Az flaskell ZHZF 2000E 1% HEste] 32T, 140rpmOo.&
shaking incubatorol A 48A]7F vjoFg 2 Al5FS T}

¥ 11 Yeast extractd £F 9 A3 811 =A

N o FA= (/D
FAO2 PA600

Yeast extract 7.0 7.0
NaCl 4.7 4.7
NaHCO, 0.3 0.3
KH,PO, 0.8 0.8
K,HPO, 0.2 0.2
MgSO, 1.0 1.0
Glucose 3.0 3.0
Total 17 17

FAO02 (buffle Y= =A3)

FAO2 (buffle I+ Z2}AA)
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PA600 (buffle 1= Z&23)

PA600 (buffle §l= %F/V\EL)

1% 31 FlaskollA] kst JEAAA 243 23

— Yeast extract® thst 13} wjkAld Ay AAAM+= A A5 98 = A (a9
31), AAhE e PAG00C] FAO2HTH o £& oz Ave g WA 27 & e
o Haile 3

AR 2 Aol 9SS FAT + At (2 32). TR BF AFI pHe
el

A 9ee g 5 9odth pHE yeast extract ERl webd Zol %S uf thz)
el A Az el A FRFT O ARk o 371
2]

A= AR TR tist 5SS Feteles Zlo] FoEY F

— A "t Al yeast extract®] Aol wEbA wstE= ARV U2 wjgA] T T

wFol] 985 AAo Zesltl. 19 34, 35% yeast extract?] &3 9 ”—iﬁﬂ]i’:é:} 2 =}
olt}y. 13 352 g3 YW W Z yeast extracte]dl 19 38 £ 2 H

extracto] A¥}o|t} Yeast extract®] FHHE, el webd w3ty é ‘:‘r%% g

A

e = A% o= MR A A Frel wEbA dd $ w7 g@siEo] AR A
o TG E 3 T FEFE uH F UAFE 5T 7 Uk wEA] 2 AYeA =
ol#)3t A& e sle] HA 2 yeast extract EF FA Y FYHEFS AA o]"\: Nx AT

AtRE Tk HolHz &g¥o] A Jlojn,
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a% 32, WX EF ACH, FEH uiA A
c v A pH (FA02 6.27, PAG00 6.4), E+ § pH (FA02 6.34, PA600 6.5)

1% &2 6% &2
1% 33. 24 ¥ &HHAE
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I8 34. Wik AE FERAAAT T WY 2
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¥ 12. Yeast extractd] &%

a¥ 35. B¢ A &HEHAE

9 AME WA 24

N ow A= (g/D
FA02 PA600(1) PAG00(2) Springer 0251

Yeast extract 0.5 0.5 0.5 0.5
ZAUYEF 4.5 4.5 4.5 4.5
(NH)2S04 1.0 1.0 1.0 1.0
NaCl 3.55 3.55 3.55 3.55
NaHCO, 0.05 0.05 0.05 0.05
KH,PO, 0.2 0.2 0.2 0.2
K,HPO, 0.1 0.1 0.1 0.1
MgSO, 0.1 0.1 0.1 0.1
% A 10 10 10 10

* PA600(1) ; 12k v FA] AR batch®, PA600(2) ; Batch7} th& yeast extract
| i3t batch error7} QOB 2 23 HHEA]EH S AA|5Fe] A
) Ao T 129 FAo® yeast extract =S 3 =/ F
Zhek ATk 1} wl ek i"éﬂr EdE B2 RAVEFS flFEste] FAENeH, 14
FAHE o] F OWE} aga F7hE yeast
extracti springer 025102 FFA|F o] T2 A IEH v X JFS H7FskSl ).
22F Wik ® 129 P2 PO Sho] wiAEgS & (29 36) 1,000m¢ LRE flask
of 250ml= 1.% AFste] 32T, 130rpm . & shaking incubatorol]l A 44A17F vjoFS 2
Al BT

f
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Yeast extract FAO2

Yeast extract 0251

Yeast extract PAG600(1)

PA600(2)

19 36. Flaskoll A wjekst 33447 A3 A3
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7% 37. W% Az FREATE SThaE Mg A
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a9 38. WA F9 o WA A
A pH (FA02 6.27, PA600(1) 6.43, PA600(2) 6.42, Springer0251 6.52)
3+ * pH (FA02 6.34, PA600(1) 6.53, PA600(2) 6.6, Springer0251 6.72)

— 1% 372wk 4447 T A AR A PAG00(2) S AFESE A #HE (1™
2> A600S AFE-F AT PAG00(1)°] PAGOO(2) Bt} =2 7oz &
gk 4 Qth o] AL T2 yeast extracte] AW ThE AYE YR A 959

batch error= Rglth olelg Auki= wjx HAshol glox] mewefof & Fito|n)

offt
e,
ro
lae)

F
4 ARAm FTUAE T4 o] A ATT A2 ko) o
A b Fo WA RRFEE AR Ay 19 38elA mi vhe} go] A A

lo] Z
o] B]d] yeast extractd] H]&o] W7] wjio Wyt F O] x| MAtoi= Z P FXH
= Aoz yewth webs HAQ yeast extractE ARstr] 98] 1xbolAe Ao
H /\—] 7—]5_9_ /\1}\];‘5].031:].
X 135 AEA Ado AlgE vix] 2O E 259 UE yeast extractE AFESR L
PA6002 A4t batch7h The &Y makerE AHE-3she] X1 as3itt.

¥ 13. Yeast extract®] &/ L AFEE wlx] =4

2 B FAd= g/
¢ FA02 PA600(1) PA600(2)
Yeast extract 7 7 7
NaCl 4.7 4.7 4.7
NaHCO, 0.3 0.3 0.3
KH,PO, 0.8 0.8 0.8
K,HPO, 0.2 0.2 0.2
MgSO, 1.0 1.0 1.0
Glucose 3.0 3.0 3.0
g A 17 17 17

x PAG600(1) ; 1x} vjekA] AFE-3F batch¥, PA600(2) ; Batch?} th2 yeast extract
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— 1% 392 ¥ 139 xAngE ZA5te] flaske] ¥ B3I % =
SEATEH AF&¥ yeast extract 5 Hat § AH= AT Hat A-52] pHO
T ORAREE @ 5 ASIth whebA] pHU X 9] ghste] od R 4 gl

]_

O F HojFth pHO A% FIFAAAAY AF 1L 6.077.50]|2F Hy & pHZL o]
Sz fAsE sbssteh 19 399149 Awe} el Wy Fo) pHE FAe e
& 2l @ 5 Adeh Wi Al Wste oA Akl fabetAl vEbd e 29l @

¥ 39, WA B A, FE@H Y WA A%

79
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Yeast extract FAO2

Yeast extract PA600(1)

Yeast extract PA600(2)

19 40. FlaskolA wjFst A 273 43

Wz AS 1,000m0  flaskell 250m= 1% Fsle] 32T, 130rpmSE  shaking
incubatorol Al 44A1%F wikS AAsIH. v &5 F AT dvHEE HAE
Ay 9 403 2ol 1T = gllew, mF TE 7 A5l thst pHe PAG00(1)
8.62, PAG00(2) 8.48, FA02 8.34% A ¥t A At I1 41049
o] wjeF 33AIZF o] FHE red Aol HeA W= A EAE 952511‘:}. ol& &
Y red A= WA purple Aol sHAHY red, = £
ot pH7F A538hHA red 1= purple® WHE|7FAA 1 A2
DM AL &3] purple — bacteria® ©]& /g3 pHAFo] ¢
AAH, o S-S A w1 =498 E el

N

o

.

,d
[
4

é

N

N

30

rr

a

o

il

%
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TI% 41, WG AZHE FRAPAT ESAA WG A
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842, FF4AT A34E (purple)

(2) A G E[(NHY S04 A2042E (Ko.HPOY 9] = wpE F3Hd A+t 2
A5 54
— AAYQl yeast extracts 7|E O ZElo] Aot wyl A 2Q1xAFo] FIAI A 2] Hjek

= R4
HFATECRE o F24% Adde] ulA &
batch error7} Bl % 53 FAO2E 7|FOo =238t 1L
H S 2480 (B 14).

rlr
2
OSL'
o
2

¥ 14. Yeast extract @ A4 vjx] A

! 1 2 3 4 5
Yeast extract 10.0 10.0 9.0 10.0 10.0
Glocose 3.0 3.0 3.0 3.0 2.5
KoHPO4 2.5

KHyPO4 1.0 1.0
MgSO,-7TH0 1.0 1.0 1.0 1.0 1.0
NaCl 5.0 5.0 5.0 5.0 5.0
(NH4)2S0,4 1.0 1.0 1.0

G 20.0 20.0 20.0 20.0 21.0

500m¢ AH2F ZekAAe] 200mee] WA & W

o
1S HAEsFck. HE3F flasks shaking incubatorol 4
[e)

- 9
%R
SEY
o
ot
o
o%
offt
%
g
ok
=4
N
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— d7 F 1759 flaskE &<l 3 Ay} 59 flaskWt A EFEo] TS Felssitt (19
43) o F HEFEo] HAE flaskol] FAAF T HF F vl vHE T HE
stglom, 7 AE 19 449F ¥ 159048 2 ARE 98 F Ak

— A2 29 5 a8l 3 AETF Mgk AAE w2 Ae) oFeskglan, T Fel w4
27v 7pd ZA by -rshe JERSI A2 5 23] A ZAe 1E L£xg)
A 5o, HAE Bl Ash dn A vt RS Btk Wi EzA 49
S A GAA 7o T3 Aol v #EEFSGIL oA pHIF tha E7] wEd Ae=
ghbs]oj A v, wix A 39 A AR el Fol Kol oFzh Mol Brel »go|ltt. 3
A A ] 2 FAE wX R 59 A 107 14413 wiA R 49 A9
15717/, oA 19 A9 177 19A1%F, A 2A 39 A9 227 24402k, wijA 24
20 H4E 24417k o] Fo] 2A Eas

o XAyHJ. ol= @A} =M £M7F 27| pH7F
] 2

et o)y e 232 EUZ labg 50 jar fermetorolA] 8%
24 1, 2& Z&sto] AdAR AP Hdsilnh =3 b wjekolA = HEA % et

¥ 15. Wik 25

MAzd | BFAAT B v 0D% (x10) | A4 H&4d
%27] =5

1 43 5.75 8.19 2.822 3 (17~19A4171)

2 4>z 5.55 747 3.100 1 (24417t o] %)

3 &3 5.57 7.26 2.658 4 (22~24X7F)

4 o 5.86 8.65 2.380 5 (15~17A17h)

5 *>3 6.91 8.23 2.540 2 (10~14~171)

e
®
4@
®
&
e
®
1@
®
&

i3
2
i3
o

a9 43, 9 A 24 H - ¥
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@ @ ® @ ® @ @ ®

@ @ ® @ ® @ @ ® @ ®
w2441 w g 39412k
o

@ @ ® @ ®
HjF 4647

O% 44, W A, 2AAE FEAAAT SEAF WG A
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TREZI: | |

1% 45. HF WA B e A4 23

— $19] flask "ok A A RoFE AAHH jar fermentorol X A o= HjQk
o] 7} AE AT WA XA L F 1604 HolFE AAY ayFo|dwl v xA

1, 2% 3t99om, 540 jar fermentord Wz AE &y e o7 23ystgh,

O Fermentor volume : 54

@ Working volume : 4

@ Culturing time : 64 hrs

@ Inoculum volume : 12m¢ (0.3%)

® pH control : Not

® Temperature control : 32T

(@ Aeration rate : 2.5 { /min

Agitation speed @ 200rpm

© Sterilization codition @ 121C, 25min, autoclaving

¥ 16. Yeast extract? F7F 2 AFE-E dvjx] =A

Rt 1 2
Yeast extract 10.0 10.0
Glocose 3.0 3.0

K2HPO4
KHZ2PO4 1.0
MgS04 - TH20 1.0 1.0
NaCl 5.0 5.0
(NH4) 2504 1.0

A 20.0 20.0
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kel

— AME-3 yeast extract:

FAg FAO2 AHg3k3 A,
wAskA] eFekth & 17, 1

169 £QuZ AFIAL NEE
2

ar fermentor 12 ®¥jA]ZA 1, jar fermentor

. .
- ]

A 20 dist B A wek A Aol

¥ 17. Jar fermentor 1°]A 8jAZA 19 #z A

Jar fermentor 1 (M|AZA 1)
Hl FA| 2 -
pH OD(x10) | &+ &4 A&
z=7] (017D 6.65 - - oy B
144 7F - - - 28 HYsta B
17A1%F - - - ofF okt HEAN =AA
24 A3k = - - oA kAt
39417k 7.70 3.228 *z il oA
ATAIZE 7.65 4.298 Fz AMES) FHA
64417 8.32 4.852 Fz A= F2 A
¥ 18. Jar fermentor 294 ¥R ZA 29 #F A
W opA] 71 Jar fermeritor 2 (MIRIZA 2)
pH OD(x10) | #« &4 Sk
z7] (0A17h) 5.51 = - ob ot 5
14471 - ~ - g =] 7] A2t
17AI1ZY - - - = 4 "ai
2413t - - - A (A =71 A D)
394 7F 6.74 3.244 *35 FH o F2A
47T A2 6.85 4.214 e HE2A 78k F24
64 A7k 7.50 4.620 e ksl #sk A4

-

oS
N
'l.‘..
T
.
e

e

Jar fermentor 1

A 24 1)

\ Jar fermentor 2 (WIAZA 2)

9 46. BHA AT T AT AT
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H ek 1443

/-4

i

O L

] Jar fermentorl (HHX]Z@ 1)

a-

Jr fermentor 2 (A2 2)

i F 174

=}

— = -
']! Ip i) ¥ ‘f\
u \ i '

| B\
__1' uu. . Bt ..r._‘_;.’\

A e et

AN
'\‘
.
T
.
—
G~
.-"

E
o
z

HF 244171

Jar fermentor 1 (WA FA 1)

Jar fermentor 2 (HJA %A 2) |
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i F 39413k

3

asil 2 s W
Jar fermentor 1 (MIX]ZA 1) Jar fermentor 2 (WA FA 2)

P b b L €D

- B : Qir

e |

TTTTT7777 -

Hl ¥ 644]3F

Jar fermentor 1 (WX A 1) Jar fermentor 2 (WA FA 2)

1Y 47. Jar fermentoollA Q) A|ZHE, ZAAE GIAAAM L vl A

— ¥ 17, 1894 #F9 Y% =42 0.D#=S 600nmelx =43t A3} jar fermentor 12 ¥jX|Z

4 1914 O.DFke]l 2= A AU AT AN RS AANES] Feas wgict,
% A7elAM= jar fermentor 19] 7% 17AIRE ig]elA] 8] &3 2] gdal|=]7] A=)
stglom, 29 A9 W2 pHE QIste] 24A13F Axp $5E o 447 o] sl x7] A
2sloith. HE aFNe] ML jar fermentor 2 FHo| Frl vhal S5k Eo] HEA0la, 1HE

oWt 1AM of e E
.%l

A3 O X al
7hel A Aol ot AAES W ZoR SIS T 489 A A <1>.<2>ujH]ef
A Wl FATE) AR Al B 224 0 AR §AE 2lo] 5tk o

&
AR FAES BgAW, APrEe 2T e RS SAEg,



39413 732

<1> HAZ=A <2> HAZ=A
47X 7 733}

A

L

<1> HjA 24 <2> HjA
i F 64417 A%

BN

<1> WA =4 <2> WA =4

198 48. Jar fermentor 1, 29 A7+ wjUA B AR A3
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(3) A AEF Y aRFEFE 23 e FATY 85 54

— 24499l soy peptone?} casein peptone, 181l yeast extract®S Z&slo] o =
AGErE ] HAxAES Qfdo}oﬂ‘jr ol frldAde ol &ste] sk Wit FHAx
gastlth O 23 3F 199 2ol AYE sto] FEAAAAEY WS EE glekgl

Casein peptone

Casein peptone
+ Yeast extract 0251

Soy peptone 349
+ Yeast extract FA02
+ Casein pepton

T T _—

Casein peptone
+ Yeast extract FA02

Soy peptone 349

Yeast extract FA02
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Casein peptone

i
Yeast extract 0251,0202

Casein peptone
+
Yeast extract FAO2
+
NaCl

Casein peptone
+
Yeast extract 0202
+
NaCl

Casein peptone

i
Yeast extract 0251
+

"
NaCl NaCl
a9 49, 823 S 2
¥ 19. € 9 ERFEEY T UE =AY
Casein peptone 0.2% AEZ
Yeast extract FAO2 0.5% AR

LB %4 (Casein peptone + Yeast extract + NaCl)

1%+0.5%+0.5% CERI

1%+0.5%

Casein peptone + Yeast extract FAO2 =
Casein peptone + Yeast extract 0251 1%+0.5% go A
Soy peptone 349 0.5% oL T A

Soy peptone 349 + Yeast extract FAO2 + Casein peptone

0.2%+0.5%+0.5% | ¥ A4

0] = UEE 24 24X
o] wjekdElE » ZF Fgtol uwhgl Ay
7} MR A S yeast extracte 7|HFOE

92
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=
N
[l

>
/=3
pull
[
o
0
Ol
I?
40
00
a
0>-
Mo
1o
=
10
0>-
R
Rl
|>
o
=
T

IFE UE3ETe AE

FEYR AR OF YAS AAA A A9 HE 9 AR F5ae 9stol
429 MAZAS AR, e e VR Wl wet AR I W]
R UFAAS A Ngr)ee wFe] A A AANAE APshs AFe 5
S AR S ARG 298 MARYS D Behad WP AP 7R 4
WS (TL)E o) dhe] #3e] Wz % Mzl AEAA. Fepazie 7L
g7)o14 Qo7 MFEAT pilot scale (500L, 1.5, 5%) AZiEo|el Agate] o
Sulere] AR Aol e AEath E o2 2 AA] wad Wg)el A o
date] AHel MFTHS £ Astol ofel WS RS, FIYIA EAYL
AEste] dFALS AT BTEAA 49 BH e A

(D) JPYAT 5= HFS 99 HFzge) A HPs L g g
£ 20. WiXIZA (B type, 110)
. M U= (2)
B type 110
Yeast extract 1.0 0.50
Glucose
Na—Acetate 5.0 6.00
Na—Propionate 0.5
(NH4) 2504 0.5 0.70
Main Broth KH2PO4 0.1
KyHPOy 0.1 0.10
MgSO4+7H20 0.2 0.20
NaCl 2.5 1.50
MSG 1.00
27 9.9 10
Yeast extract 10.0
Glucose
Sub Broth Na—Acetate 4.0 F7HA]
KoHPOy 0.5
MgSO4+7H20 0.5
A 15.0 20.00
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- 1109 2% &dA 8kg/ton F+C2 % 10kg/ton &2 FA3to] wlF s gt

2 B
types F7MHA] 2O F yeast extracts 150mle] 40g, ZAMYGEF 16g7} A2A044F
2g, A MlE 2g-> 150mlell Fo F7HRSIsklh ojw) £3ste] Hid A9 AEo]

He @S Bolne JpEEHS stk vk 22 % 219 22 2o R 1yt

E 21 9 =4

4 = B type 110
= = 32T 32T
T 7] & 50ml/min —> 100m/min(24hr) 50m/min 1%
RS 150(0hr) —> 200(24hr) —> 250(48hr) | 150rpm 7%
=7l A 24hr 43 5 T AA -
pH 48hr : 8.54, HE(72hr) : 8.83 | 48hr : 8.83, F&(72hr) : 8.86
FZAY 50w ¥d % 50w WdF

25 4% % 1940
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HjF 65413k

o F 48A]%E

Hj&F 72213k

=k

Eil

a}
=

/\01—

FAAZY 4

e %

1% 50. Jar fermentorol| Al A]7re] wh

=
=

— 1% 5094 jar fermentor

ofiy

ezl

110 iA ZAJoflA] wfjek 244 7Fwjof

Hi

Ry

B 9= jar fermentor 1102 FAJ A

©
=

profile

By
=

ato] A
A

HHAE 7]

=
T

1]

o 1 4

R

—
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o
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Pl
B

B

A 55

#HE
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]

& 724

1}

purple?S ¢
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b

S
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ol O
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24|

7]

=

e}, upeta
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* Yeast extract



| B Type X 10 (HEA=0%) \ 110 X 10 (HEd=vl&)

B Type X 40 (f=#=¥&) 110 X 40 (h==A=uj8)
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etk 18417 A3k #2A BF Hesow AR 1 wWAE 2] EE 4
A vepgom WA 28 4z AFo] WARACH, w4 Wy, A ABMow A
ol Hglek. Wi 3elA WiE Zo] b Hae] Hgom, Ad AL T2 ofng AN
& wWa AFS S Gk 284 A F oGS FRIAGOH oA wastel
WA 13 43 2t glodeh WA 23 Aol oA H o] wol AgHglon wjx
3o] 7P sk, ARG A AEr wol AU A7) AR RE E 24 A
o Qla AR Hee 19 539 AvA AE Batel FAT 5 AT

< OF18A177 3 >

< Sk28AI AT >

1% 52. Flask v &5 & ZAALH
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19 53. FlaskE HlFAIE 2 €|Av]F AMA
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- OFMds S AT flask T YA FAR LR Wol A3k LB Miller=
ARkl Ao FuwldAl FEMABES] EE xoledde @dA7F vk ol
EAEE g Sste] flask FEMFIAE 100%tu/m FER FHo) HES u)A
248 sl vl A Y0

X 23. vjA] =R
No.1 No.2 No.3 No.4 No.5 No.6
g ¥
T (%) (%) (%) (%) (%) (%)
FAGEF (AT 0.20 0.20 0.3 0.20 0.25
SAAHEF (8D 0.20 0.20 0.25
Casein peptone 0.10 0.20 0.60 1.50
Yeast Extract 0.020 0.20 0.10 0.40 1.0 1.0
(NH4) 2504 0.080 0.050 0.10 0.10 0.1

MSG 0.030 0.10

NH4Cl 0.030 0.030 0.030 0.030 0.03

MgS04.7H20 0.020 0.020 0.020 0.020 0.02 0.10

L-=g4l 0.050 0.050 0.050 0.050 0.05

NaCl 0.050 0.100 0.130 0.230 0.250 0.50

NaHCO3 0.020 0.020 0.020 0.020 0.020 0.050

KH2PO4 0.050 0.030 0.050 0.050 0.030 0.080

K2HPO4 0.020

Na—propionate 0.050

— AF7HA] APEJE dAE Eg®2 1 239 To] FAE FFTAAMAS TEEE o]
7hsst HA Y wiARAS Adslodnh wikxAS wjeker 32T, wRFEEEE 120rpm,
HEol 39 glo] FdsH

=
HIQFAI IS 482 Fds HEFOE wiks skt
=2 H
=

[€)
1% ®Eaadnt. 19 54004 zF W= wjekst A1k No.53 No.62] AMAuka o] 7p3
St A vt i UEE dudS ol gstolnEe Ax a7 559 o] Kot
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% 54. ZF wiAE flask BFelA e A wst

No.5 No.6

1% 55. No.5, Nob FE4AT g A3 23}
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(4) Lab scale°d2 1% ik

W

¥ HAs &4

Zoafofol A TEE ke AYEE No.5¢F No.6 HjA]E jar fermentore] ®Hj%F2 LB
A A 48 T 7243 FQF AR #FS No.6 HA WA (baffled flask, 200me/500
me) o] @1 48A)17H(32C, 120rpm, Rotary shaking incubator)HjeF 3 HEdow A&
393, HEH dAu A (1000X )Oo.2 @ HEE 89t 3l & HE3Sth Jardax9
AL ot e} 2ok

o

=
=13
=

@ Fermentor volume : 7 ¢

@ Working volume : 5¢

@ Culturing time : 72 hrs

@ Inoculum volume : 50ml (1%)
® pH control : Not

® Temperature control : 32T
@ Aeration rate : 0.5 { /min
Agitation speed : 50rpm

© Sterilization codition : 121, 25min, autoclaving

No.5 No.6

% 56. 74 jar fermentor®] FFAAAM AL TEFE viY
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— 1% 56 No.5% No.69 formulation® 2 72A <t 34

KN

=2

g T8 5 AT AES Avld S AREE & 7"“3}93\‘:}. 47378
A

st G A wAlE Wol Bt o] AR
No.5 "#A = 5. 33><1090fu/m€4 TEE Ha, N Hlj 2] =
AU, olgst EAE AE pilot plant HLEZ (500 ¢,
12 25 % v mtxds gstaat s

N

=
T
A

1.0

1 vjekS 3 E T}

jar fermentorel Hj<F
© 2 cell counting= 3t @J}

x10%cfu/m el &

1,500 ) ¥i%¥> No.6 Hi

No.5

No.6

No.5

No.6

19 57. 74 jar fermentorel| ZIA AT vjgNRe HA
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(5) Pilot plant W&z Hjek

Lab scaledld ZA¥E Ediz Add BIAA TS pilot
scale—up2 3R FHFS FFA A single colonyS FA3F A F 14 A=
S ik A A vk

D Fermentor volume : 500 ¢
@ Working volume : 200 ¢
@ Culturing time : 48 hrs

@ Tnoculum volume : 2 ¢

(® Inside pressure : 0.5kgf/cm?

® Temperature control : 32T

@ Aeration rate : 30 { /min

Agitation speed : 20rpm

© Sterilization codition : 121C, 25min, autoclaving

75
73 -
71
6.9 -
6.7 -
6.5 -
63 -
6.1 -
9.9 -
5.7 -
95

0 10 20 30 40 50
B 2 AlZHhour]

% 59. wj%A7+E pH W3l

105

plant?l 500 ¢ o Z# &3}

3

s

10mlE 121ColA 15min H3t LB 1 ¢ uj#|of] % E38lo]
32TCA 120rpmo. & 72A1F &t wiek 3t & AAE T3l LFAFE &siglet. &<l
H FAE gl st S st HES SSIth wik S ofg et 2



ZshHA pH

o] ofutr] A

[e]
=

500 ¢ pilot scaleoll] pH?S W3S A A

o
.

— 1% 59

i eF 48412 Al o2 LERRLHE

7]

o

T

o

T

—

o]

B

o)
o

WA =

A &g

g

19 60. %
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>l s,
~X — © =
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X
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5, HiGF 2413, wiF A8AIZ w O] G Al et 2

79 5= 1.0x10° cfu/ml, ¥WlF%719 r=

1.0x10%cfu/mea} 6.0x 10" cfu/mE A= 3

L=
T

3.0x107 cfu/m, ¥iSF 24 A)7Fo]ZHE

Ar

=
o

H
T AR o
wE 2L
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2. A=Al A% FFAYAT BT B AFH &

7}. 1.5 pilot—scaleo|A 9 1sTujef g 4 AL

=~

— Lab—Scale¥} 500¢ 2] A&E 7|2 FIAATFS ks 23359t} Lab—Scale]
AFANE AHd WA AEHLS f7]E0] FHI A o] aiHdS A
F 9t B2 AAZAL nAEudre § =]
7Vttt Aot o]dt AAZAS vtgow oA 50009 ARE Fgeto] T B

shal gl 1.5 w7l pgujee] 7hedtx @848 dd= ot

o PN
W 1Y 639 £FMGE flask RS AEH] MFL AP v mF L
sstrhd 9 Al HY FUEA 10X 10 chu/mol B2 7] Ee] ANFAQ) HeksE

= 100¥1 8] 2ol = B AT

1% 63. 50 flasko|A 9 EFujek
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— Add TEE wjokg wix] 2AC® 109 20gC® 50 flaskel] 309 WiAE 3%E %
Ak & metdd oA 121C 2587 d¢S 3 & FH|E stockﬂ FEAANT TS
AESAT. AES flaks 32T, 120rpm O E 72A12F wjeksl & A EE HFeto] &
nAoE #ES . T LA FE FlFo] FHoE ARSI H. (¥ 63)

¥ 25. 1.5% pilot plant Bl profile

A1 Zk ki EAta pH gt AEE 2T
0 50 100 5.99 0.26 60 32
2 51 91.7 6.05 0.28 60 32
4 50 98.6 6.05 0.26 61 32
6 50 97 6.08 0.25 60 32
8 50 92.8 6.15 0.26 60 32
10 50 84.3 6.15 0.26 60 32
12 50 63.3 6.28 0.26 61 32
14 51 8.1 6.54 0.25 60 32
16 50 0.7 6.7 0.26 60 32
18 50 1.1 6.79 0.26 60 32
20 51 0.4 6.8 0.26 60 32
22 51 1.1 6.8 0.26 61 32
24 51 0.4 6.79 0.25 60 32
26 51 0.5 6.8 0.25 60 32
28 51 0.3 6.8 0.26 60 32
30 50 0.4 6.96 0.25 60 32
32 50 0.3 6.99 0.26 60 32
34 51 0.3 8.02 0.26 61 32
36 50 0.3 8.05 0.25 60 32
38 51 0.4 8.07 0.26 60 32
40 51 0.3 8.1 0.26 61 32
42 50 1.4 8.13 0.26 60 32
43 51 0.5 8.14 0.25 60 32

(A

— 1.5% pilot planto]Ae vk 212 3% 249 Zo] ek profiled HoF1 Qi) 5000
oA 1.56ES% scale—up®| 7hs&= &A=
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198 64. 1.5% pilot plant scale®|A2] vl 95 T wjYAE

— 19 649 wieF k5@ Al5<Ql Rhodobacter spaeroides 1ml(g)E 2294 9mlol] Eoi
Fato] 1:10 A RS vh= F o5 1mE Hall A AT 9mlE ¥ol 1:10° A
At} o] &5 HkEEle] 1:1098E 1:10°7FA] ZAe & 22 100w E petri dishell
I 3Tt o] petri dishE 30°C oAl 48A13F g wjekst & Fld Feeo] F2Y F
Agst & Fi3ks AFEsle] 1mld CFU (colony forming unit) 2 =74 31t
— Rhodobacter spaeroides 15X djekoly thE SGEA7e A5 =4S 3¥iEoz 2
Algt Ay AdFE 3.06 X 101°CFU/m .2 F7FE v (1" 65) o83 #4
1.5% pilot plant scaled|A%E TEE wjekoz gegite] 75sitt=E AL gelx )

. o~

3.10x10" 2.62x10" 3.45x10"

FAAT EE NG
7

1:10"3]14], 100p0 w4 2

a9 65. XF A o3 fav|AE S 247
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S

=

tol LB agarell 3|2 ox 34171 wf

S

= 28

st =] Sy =
[ e)

=
1=

= 5.83x10°CFU/m o2 H71E it (1

his

3 An g

Bow AA

4.70x10°

7.30x10°

5.5%10°8

1:1073 4, 1000 vieF4 =}

3 4%

=
=

yel ¢ FEINYE

A R

66

AL

Al FEg 71E A AHA <A

S

3

(93
H

2= ud 3

b

S

+ 1,400,00090¢] ®]go] A~Q¥T)

[ AR IS SR B

Qo

i =3 700,000

o7 20740%2 7H]

<

Aab7h= 140,000 T 280,000

ol
il

=
;Qu_

L
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. 5E pilot—scaleo|A g =k &5 W FAA L
— 158 ulAE wjfrlolA AHEd FAd3 AT FIAAM A vl
672 5% wjckr|o A sttt 19 68% FHA A o] vleEr el

= Folw wiek 4841t Aoy, A om AMow wigEA s AU

.

£ AFste] ERBERYoE FavAE FEF
FuAES AT FEE 7.67X10°CFU/MC.E F7FE ok (29 69)
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9x10”

4.0x10°

1.0x10"

1:1073]%, 100p0 w2 7}

54 2%

alleii oy

HF WA =Y An ABAL

a% 70.

o
E P A R

= =
AL

Aol Al

uhs} ztol

T
L

- 2% 7004 H

=
£ 5

o]

a3 A= it

o

73
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th 58 HRY HAF 1 = WG AP 5 HF 45 FE FF 3 protocol

A Tdl s47IsAE A EAe vAE adr]e] Ad FRe 1.5 wekrlelH, Ho )
FoFe 1E wieko] 7hest Aol wEbaA 17 3zbell A AAIS 18 wlFA] 7] vz
A FYd e A 2R ujYds Y-S i FEvh e ol oA Seth ek 5&
7] el oA ZF AAAE R Eakze] qfEef| wE AlduH|E 5E wjeko] BE
st A% dAolt), ANk 7} HE 5E wdT|E 2T A otde 2L 2E AN T
4 Stk

- YR #FE 3 -?4 LB agar plate°l| streaking 3+% 30TColA 24A]7F wjokst
t}. Single colony”} @AW 2702 colonyE 12 AAwX] (LB broth)ol H%E % 3
0T, 200rpm, rotary shaking incubatoro]A 12A]%F st} MES FHA 02 F 3o
A7dstel @AY HE ) 5 22k QA A 2% ForE Fie Asto] 1z FAE
Yo 1247 etk ﬂ}— HAEFS 2% 71502 §tof &l B T2 6010,
Aueke] 3 TS 600m=s FH| gk

Agar plate 12} ok 22F Sl eF =l
(LB) (600me/2 0 ) (60/100 ¢) (3/5%)
2%
2 colony (LB broth) 2% <% (LB broth) s

AxF ZAEH

— 2ol wF 5% EETE Aske] overflowd 7hsAol F7] wwol AEEY A
of webx wRkEESl FUIRF Fdo] stk 7l WS &% 30T, wHERE
100 7 120rpm, 715 (¥ 7]1%) 1,500L/min, HiSFAIZF 24—48A17F 0 2 wfoFstt}, %42
547 EAR8AE £ cell lysis7h %*@a‘ji SAEA 0] 90%°1d BT wf witFE
5% 9t} o]y foam controls 317 f3 & ANA Al Sull AT ANAE
darate] wikE B E = foam control fﬂ‘:} HH AZEE wekzde] mhet A A o
27 wiife] Fr|Felv M2 E ol Aol wet Gkl vk dA7EA o] =1
O F wjekE A9 36A17F Ue]E wjFs ¢5E ¢ Sk 5E Wkl Witk o
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D Fermentor volume : 3,000 ¢
@ Working volume : 5,000 ¢
@ Culturing time : 36hrs

@ Inoculum volume : 60 ¢ (2%)
® pH control : Not control

® Temperature control : 30T
@ Aeration rate : 1,500 { /min
Agitation speed : 100rpm

© Sterilization codition @ 121C, 25min, autoclaving

755 &53t & MRS agar plate®l| streaking 3+$ 37TCol|A 247 36417t

OJ?F}E}. Single colony”} A =™ 2702 colonyE 1xF 9 Auf#] (MRS broth) o] =

TolA FAGEHE 12417 wiekstnt. 124131 HHOES} 17'<} TH= 2% Fske] 0.D#

o] 3o]tol™ 2xF MAHfA| o] 3% Yo' FHFst] F 12k} Fds W ow 12

ok HE HEHS 5% JIE£oR oo 5Eoﬂ Q3 FH2 1500, Znfeke]
I Qs T g 4.5 0 TS

Agar plate 12 S 22F Sl ef =l
(MRS) (4.5/2 0) (150/200 2 ) (3/5%)

0%

PR

a=

H o

2 colony (MRS broth) 3% % (MRS broth)

W)

FAE BRTA

wajekell A= 1010 J& vkl 7hsdt wix] =AY A5 dRYokrE  pHE 6.076.5
Abol &= AEdeto] Wikt RS AGSH, 37|FS s

+EE 3TCE weEn. Ve sdVIEAgA  wiYste fARS LPlantarum
L.Casei, L.fermentum, L.paracaseid =% FA4F7|AH FAtfolnzE AU 7| FAk+3
= 2 3715 E3UIAU ALTMAE chargings A ol F R3] ko] 7lssith.
A T o]l 3%ole] A& YEUAREE pH A glo] v gkol
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D Fermentor volume : 3,000 ¢
@ Working volume : 5,000 ¢

@ Culturing time : 20hrs

@ Inoculum volume : 60 ¢ (2%)
® pH control : FEY o} (L))
® Temperature control : 37T

@ Aeration rate : 100 £ /min
Agitation speed : 50rpm

© Sterilization codition @ 121C, 25min, autoclaving

YR AE #4575 353t $ YM agar plate®] streaking 3% 30TCo|A 24~ 36A17F HY
gt} Single colony”F HAEW 2719 colonyE 12k AA A (YM broth) o HE ¥
30T, 200rpm, rotary shaking incubatorol]l A 12A]7F sjeksith MES FHH o2 #Ho)

ekl GG EHE Rl 23 AA|uiA o] 2%°] FOo= Fae Aot 18 Fd
st o R 12A1FF Wit} HE HEFS 2% 7o E sto] 58 Fast F2 60
0, dufjekel Fash Fke 600mS FRISh 23 A Aol 3%°] Fow AF st

TS 128 U WH o R 12A3F HieFetth HE HAFTHFE 2% 7O E 3t 50

FQsk T 1500, AufeFe] HQ3t FH S 4.5 0 TH S}

Agar plate 12} Sl 22F vl oF =l
(YM) (600me/2 ¢ ) (60/100 ¢ ) (3/5%)

2 colony (YM broth) 2% % (YM broth) 2% #A=
R BAEA

Hj kol A= w2 ool Aot

@ Fermentor volume : 3,000 ¢
@ Working volume : 5,000 ¢
@ Culturing time : 24 hrs

@ Inoculum volume : 60 ¢ (2%)
® pH control : Not

® Temperature control : 30T
@ Aeration rate : 1,500 ¢ /min
Agitation speed : 120rpm

© Sterilization codition : 121C, 25min, autoclaving
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(Zh) F A 34

WEHAE #F2 %53 & LBagar plateel streaking 33 34ColA 727 96A17F vk
stt}. Single colony”F @A S 2719 colonyE 1 AW A] (LB broth) el H% & 3
4°C, 100rpm, rotary shaking incubatorol 4] 72A17F wljoksic) AMES FHA o2 FHolo] 7
ekl S E Gl F 23 AA A o] 2% Fo R Fs Aot 1xkef wUdd WHO
2 72X wjekEth HE HEFS HA 29904 A 5% AR o) 5E Ao F
T2 600 715040 2 ?ﬂﬂﬂokoﬂ ok TS HA 600 TH]T'SPE} 221 A=A a) Ao 3%
o oz HFdto] Tt 12k9} sdsk W ow 1247F wiekst
O % stof HEe] He J S 1500, Aol Bod Fwd> 4.513%H1§E‘r.

Agar plate 12} St ok 22F St )
(YM) (1.2/20) (60/100 ¢ ) (3/5%&)
2%
2 colony (LB broth) 2% % (LB broth) =
(SR

B3 AT H

Bl A Mgz e ofelg) 2,

(D Fermentor volume : 3,000 ¢
@ Working volume : 5,000 ¢
@ Culturing time : 72 hrs

@ Inoculum volume : 60 ¢ (2%)
® pH control : Not

® Temperature control : 34T
@ Aeration rate : 100 ¢ /min
Agitation speed : 80rpm

© Sterilization codition : 121C, 25min, autoclaving
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A |4 3 AAA] AFEEE @rE 690,000 T 700,0009 AR A QHTH
g AMEHE AR Ske/EBot T 1%(1040) S AHE3te JHE UedE FEa3E o
2 RE Az CA Fuiste] ARSEhE sFFolth v $ wjd s o 2x10°
cfu/mé o2 2abdEe] AAlE Ayl o] AEAFaYE vH|st) olE Hadi
el oist gAaar st FAAQ wSFHE HsHA Xetar 24410 vk FEE
Tyo] A EE wFA R AHERE Roxit ARE dE% k] A B 20kg/EE
1,386,000 22 wiF & fFavAE T FF2 5x107 cfu/m ™ 2x10' cfu/mo
£ HA 107100W 9 % zo]7t AAE QT o] 108] T 10081744 3] Aske] HgETH
W AA7HE 138,6009 T 13,86097HA] ©UFE WE 4 QT kAT f-En8ES 23
OAREE &35 mEs] duberde] ou) oyl 2 FAstH s 7 AAdrtE T 20
oSl AAHTIE WE F USS FAT F Uk FFAAAY FHulekd-s 1,000
o wF HA A0 A E AT

WEE W el % €rbaz olele) mrhE e AA FF L AguA A
& BalA Arbagel sbsetth AA FEATHIA LR AguAe Fwrel s
shrhel £ 2000009 WE AANE BE o Rl AR ol Aol
& FurEs BAC Ak ol A9@ & Qe Addel ALtk dA HU71E Al
A AAH oz WMol Fed AL BA ot AL meidd et &9
554 F wrEagel s AFL BEel W F MFA 10005 ol AHgEHE
Hpolo® AxFAG HAs] HFsht WS Huss Aol @A AHOE BuHol
Ak,
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vh FFE (WA, A8, A, 74 AF L=, HAs

(1) Lzt
- WA B S RSE NEANY SEF0R 1x10° ciw/neel, WA BE F 7
A EE 140 cfu/me AER JERGT. AN dgele #EEe AT nzdel
A 24403 W = AFAH A 140 ciw/mto]d ol AW w2t e HHO
ISHE

Lt

Al

Aate] MY F BEV|ZEo] Aojdays #7F SolE2RE 140
ol MAES w7t Fust] s xS Ex}ﬁé*é% ot o "J@ﬂ
Axo] F sttt o]ef wet i

FHZ 1x10 cfu/ml oJAS 7|FOo 2 g}

&

(2) Ak
— AT A dubHo® 207 25g/1 0= ARESt] Ml F Fav|AdE Y FREe 55107
cfu/mb ~ 3x0° cfu/mE BATE Ao A5 AAA AN 27 AHEE Vo R2e ARk
A FLold Wi¥ &8 HolVle Pt AT vIAE Wik 98 9 @44 edld
T uhfE deell e v maddo] e AdE RY ¢ Ao A S E_%E Hlj ¥

R

o] wako] 7} °
910" cfu/me ] FEVIBEETE §8&8S 45 T Ao
x4
4 =
Casein peptone 1.0%
Yeast extract 1.0%
Dextrose 3.0%
Ammonium citrate 0.2%
Sodium acetate 0.5%
MgSOy 0.02%
MnSO4 0.005%
KoHPO, 0.2%
Sodium cabonate 0.05%
5.975
LEE W fALT 24
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A1t = (cfu/ml)

9.1 = 10°

5.1% 10°

4.1% 0’

6.1x 0’

3.1x 0’

Glucose(%)

0.078

0.063

0.049

0.063

0.066

OD

7.21

6.93

753

7.22

771

Hlj A 2 (hr)

23

17

21

20.3

20

rh

Fol 5107 cfu/

S

A A A 20g/LE Hl ok

HEA o

ml ~1x10° cfu/ml 2] wj<

510° cfu/ml === 10v) Fx=2 zol= -5

s

oM AA

1x10° cfu/me

o
e

NJo

Ay
i

A7rsko] Al

KN
=

2 f7=

e

%2 peptone¥} e EH o] Q17| w0

Z

Agst 7

1o] purple

o
PN

= A

120



v FFE (ML, 28, 34, AT A, 13734, B

3l

HZ s7HRae AHss
i=]

-O
A

A}
< |
40C= 47 H)

AESE A3 79 9

_]

=z
A

pof 7

S

o i
U

ol
G

A3 YA dakse

ol

o

Il

Z

Rl

s

U fAatoz el

R
+
oM
HH
el

ol

soy peeptide%

doll &

B =

!

—

0

.
o
HH
ol

F
-

S
gl
R T
|
#ﬂ
o

<z
-y
4 mh
e
w
N B
T
W
0o I
® Mo
y P
of & X
= 3
O
+ 3 o
5 L
N..OOﬁHO
TR
W
R o
w3 =
ﬂA_!on.o
T 7 M
T N
= T
& [P
N o
o 6T AT
W e Ho

T
k= =
W g -
w = w
2 2
c L
85 S
0 C O .
E M E
[ ﬁlu —
o ow o
£ q &
W)W
E . X
o U
Lii] _u_..._ - !
1] | _|=
B n
{11} MI uw
o 2 o
C i c n
E. 0 E
m @
= E
-l
1L 'l
i i el W ] "5 o ¥s)
" o L] LIk L} " " LR
e O o o - J. o ]
=} Y a o s = &Y
3 L= "
(96) AR s

—

(Accelatsed condifon)

-
UBAaYE

121



1.00E+12

1.00E+11

1.00E+10 : ' ' :
11.009% 14.00% 29.00% 31.00%  33.00%

|initd W4E72 0715 7|

b T R Ad EHAwR A
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H 3&. z

1. 155 3% "“ﬂi‘# ?i FEAAATY &3 BF
— OrA

A Aol M L wjorolel FI AT AWt =R ekl FAAdAFT] F
& Apo]7} 524K 9] 7<}°17P M s AAA A FFoR s B AT
aj kel 500919 & dFAstEs Arsta oy webs] ZEe] did HlE &
Alge LEke %f?é WFF ajFelE Al 2n) Bt HFAor dFAA s At
FadAl A g 5008 = 3|4t AFAHEE stk AA s FRAAR
< 1,000 2 3]4o] w3t} F7HA w2 FadAldel tig A g SV el 9

- 1, =
#ako] obdle} o] WAkt

7}. H]JJ_EL}(H]E)C’ﬂ EH‘E EZAE

A =g AW & £t
ATANGN (BAR) 5 AA 7B QT By
™
k)

¥ 26. AFET Bk sty EAo] #I3t B4 FEI AL7]7]

= A g = = A4 99 Ab 8 7] 7]
H _ o
EC 15 7T = pH meter
) 15 75 F& EC meter
H &g (mg/kg) )
o 712 (g/ke) Lancaster ¥ UV/Vis spectrometer
T; o f{ i Tyurin AE4%7)
s M IN-NH40Ac 3=%4] ICP—OES
Mg (cmol+/kg) ~ ~
4 (Soil ) H] 5= H] 7|
d (Soil texture Aerna A7)
A2 (T-N)
Brown H ICP-0OES

CEC (cmol+/kg)

cdwrFoR AP AAL 1) AP F 20750mE StH (VR e AlE H&
< 2759 12 %) 7]Estko] Al A4S s,
@ AT FANE AT U FAHITE V2o R 3
o]
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— FHMFHS dtujFA K} w53t st AlFdFE Dt
- FAHYT= AP EL S AEstA &2 AldTE Eein
(3) il Aol olst zHz2] 54434}
SAANE - Aokl FFul ok
Al
- A L FHA AES A duEA
- FAHEGED) AFEAA - [YH 2 A E
Al vl - W3 3WHE (Randomized complete block design)

AT A8 (3HEE), Adtuj okl (3RHE) | FEu) okl (36
- AYEE  FAET, dukajerd (5000 B M), FEFuiekel (1,0008] 3] A H)
TR ZANE A E S 5 W S8R 24}

— Aol AS 54 4 (em), B35 (em), B (2), 94 WNo./plant), 54 (SPAD)
3

O 718l H5FHEW P K = 5.1 : 4.9 : 4.3kg/10a), FH]&= 42 154 F(N :
P:K=51:0: 4.3kg/10a)Z A3ttt

@ "l AHgles g2 29 F 677Y HASE F 33 gAY ST

@ AR FAE T, ARk, sHatd s AHA e AASEAT

@ FF AS5EA A T 5 Ao

® A5 FEF A 2] F2ld = 13 AAsksTh

® 47 85 54 9 FEFA A= AT 33 SHske] Baiks dEdsle
w Z} A 54 A= SPSS statistics 19 program= o] &3l Hty X+
HAE Feta dYux 24 (one way ANOVA)S  AAJgk % Duncan's

multiple range test® AAIst] F9AS HASSITE. TS Microsoft Excel
2007 2138 o] g3t FAAEE At

@ HYHAL AP 7F2 1.6m, A2 4.3m 39HE+(20.64m, 7F29 A2 2] H&
2.689 FE)E AHEFF 30em HFASZ AAson, AT Atole] Agli= 50

Adzze S 54 9 FE8FS A7) et Ho 03-4 A%, 9F, €%, 97, €=
2, TFEF (LT A FA T 2 dublek, sy vu itk 454 3
2k chlorophyll meter (model : SPAD—502, Minolta, Japan.)i 7 2 e SSFEAE S

A 3hge,
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I8 72. WS 23 A
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2

A4 F A

2=

¥ 73. 4

I 74, Wil 3X AHEAT
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a% 76. A A

127




U BT QEAHE ol 8 A5 AviAg

(1) aAm] Aol ok ke steh4] 54 s 413

£ 27. A9 A EYY 33ty 54

B o 9
212 A Wkl Y e R
pH(1:5) - 6.66 6.50 6.70
EC(1:5) dS/m 0.86 0.96 1.02
OM a/kg 22.58 25.96 30.89
P20s mg/kg 815 i 396
K cmol(+)/kg 0.60 0.59 0.70
Ca cmol(+)/kg 7.78 8.00 8.12
Mg cmol(+)/kg 1.78 1.79 1.60
CEC cmol(+)/kg 12.05 11.85 12.21
T-N % 0.09 0.10 0.09
9] Ay Gy 3R] EkE Hard Al

=
=0 =
pHE AFWIE uglow ECE 2dS/m olahz 57k AAHA e e & 4

fu = fu
3 {715 (O0M) FZFE AFEoldry. A 2 A3 <kl K, Ca 183 Mg 4
AWMEG AGVEAERY ¥ &= Bolon ojs A} obd sk Auleks
FAel ost Aoz wekEch (G 28)

A& AT 1L A3 AEgSel AgRelek nlaskile
(e}

M
>
o
I
ey
e)

77l 2wkl o o 5 ol
pH(L:S) 6.66 6.50 6.70
EC(1:5) dS/ m 0.86 0.96 1.02
OM g/ kg 22.58 25.96 30.89
P-Os mg/ kg 815 77 856
K cmol(+)/kg 0.60 0.59 0.70
Ca cmol(+)/ kg .78 8.00 8.12
Mg cmol(+)/kg 1.78 1.79 160
CEC cmol(+)/ kg 12.05 11.85 12.21
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T-N % 0.09 0.10 0.09
% 9 Ade Gy ou5o] BRE Ae A9
- gAY F(5E F) Edd H9td 54 RASA 1 A9 A9ER nAd g
oA AmAsel AR v v mdel sed 54 Wat 92 ¢ & 9dvhE
29). Aol A B vwd w I Zolrt HAAY B % U= d34E o
ATH.
¥ 20. A¥ ¥ EY 38E 54
NAEGMAEYE)
s @ A ek A WhHf F ol e
pH(1:S) 6.69 6.70 6.70
EC(1:5) dS/ m 0.78 0.88 1.02
OM g/ kg 23.86 24.13 30.89
P20Os mg/ kg 763 758 896
K cmol(+)/kg 0.72 0.77 0.70
Ca cmol(+)/ kg 7.56 800 8.12
Mg cmol(+)/kg 1.55 1.79 160
CEC cmol(+)/ kg 11.86 11.85 12.21
T-N % 0.08 0.10 0.09
(2 duAnlel G A3 4% BY 9 P 2l
— QuAMe] o8 A3e] ASAEE Selus] ekl I, AT, BE A5 U A54
e 2SS Q49 A% FAT 0wl noh sEueeled BAH §9
de Kol AFol hE= A3E Bt 952 FAET 111 cm, d¥aieke 10.7cm,
SEMGFN 11.9cmz FA 2T Bty £ A4S wilomw SAHCR FsHuddelA ¢
ol TUHgkE ElE QAT E5 B Y BE 5] FA T W dnku
FHel Hlst] TAA R FUHE = AyE UEhdY dF] B 1 99 A= 3
WEow 2% @%s FRlAr PAUTY  Qdubgeleld BAH Folge vkt
Aoy FHugdelA FAA Fodes Hol 95471 TV Hes dA¥T(R
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EEE q H & ey R qE5T H] 3
(cm) (cm) (g/ plant)  (No./ plant) (SPAD) (0-5)*
R 111 a 11.1 54 a 94 a 171 a -
o vkl F 4 109 a 10.7 a 59 a 96 a 176 a 0
R RVl 123 b 119 b 77 b 117 b 203 b 0

% “Mean separation witn columns by Ducan’ s multiple range test at 5% level.

A, AE, 9F, G5, AR BALTO wa A E QTN $sEor A
GTLE Aol R BFujFle] EAFRNN sbF SESA BE ZAGEAA P
ATl v FEWFY ARAle] g A TelN F5AA} ebdel. ol PR o

o Ago] QR WAL Zow oAy
o

e EEAQ F3 ALE dotry] fste] FRF (AT & AT AE Tt
zfol=  FHuIGFAO]l T retdlem, FAT B dvhijele) By e FEH LS
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Bacillus megaterium, Bacillus marisflavi, Lysbacillus xylanilyticuss 2 "AE°] 483t
Ao AlF FTx Foe o|EZI} wpxrIRE 3% 3594 Kol Bacillus sp. Mol
A =15

% 34 A8 A 23 B¢ AT 54 24 EFR)

TFEXEF] Enterobacter sp. SLY8 16s ribosomal RNA gene
WFXEH2 Bacillus megaterium gene for 16S ribosomal RNA
- Bacillus aquimaris strain PPL-S5 16S ribosomal RNA gene
AFEH3
Bacillus marisflavi strain YCIS MN 5 16S ribosomal RNA gene
- Lysbacillus xylanilyticus 16S ribosomal RNA gene
JALFERA . ) . .
Lysinibacillus fusiformis partial 16S rRNA gene
- Enterobacter ludwigii strain IHB B 6551 16S ribosomal RNA gene
AFZHS
Enterobacter sp. SLy8 16S ribosomal RNA gene
- Enterobacter sp. SLY8 ribosomal RNA gene
AFEL6 ) .
Enterobacter asburiae neclomorph partial 16S rRNA gene
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A
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Bacillus sp. T51 16S ribosomal RNA gene, partial sequence

A

oN, | oX
\\]

Escherichia coli strainDH1Ec169, completegenome

w

Staphylococcus sp.C18 16S ribosomal RNAgene, partial sequence

(1] |
R
| | |

o3l | ot
S

Bacillus sp. S22 16S ribosomal RNAgene, partial sequence
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