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Control of brown blotch of mushroom by antagonistic bacteria

Chun Uck-Han
Dept. of Food Science, Kyung-Hee Univ., Korea

Abstract

The white colonies of Pseudomonas tolaasii, which are responsible for causing brown blotch disease of cultivated
mushrooms, and Pseudomonas fluorescens were isolated from the Pseudomonas Agar F(PAF) (Difco). After incuba-
tion at 25°C for 24 hours, the opaque green colonies and white colonies were observed and they were identified as
P.fluorescens and P.tolaasii respectively from biochemical tests and white line test.

The optimum conditions for P.fluorescens obtained by batch fermentation were 30°C and pH 6.0, respectively. The
optimum concentrations for media were determined to be NH,Cl 1.0g/L, MgSO,-7H,0 1.0g/L, CaCl, 0.1g/L, KH,PO,
1.0g/L, (NH,).SO, 1.0g/L, and yeast extract 10.0g/L. Cells of P.fluorescens were grown well on the medium con-
taining 30g/L of glucose, whereas the growth were inhibited with the glucose at higher concentration than 30g/L.
Maximum specific growth rate (0.427 h™') was obtained when a agitation speed was adjusted at 200 rpm.

Continuous culture experiments were carried out on the media containing various sugar concentrations (20~40g/
L) at a different dilution rates and the maximum productivities were abtained at the dilution rates between 0.1
and 0.12 h™. At D=0.1h"", 1.19g/L of cell concentrations maintained during the steady state.

When a diluted culture broth harvested from the continuous culture was applied to muchroom trays, infecton of
mushroom by the pathogen was effectively controlled. However, the same effect was not shown once the blotch

was caused. The antagonistic activity of P.fluorescens culture against the pathogen remained after storing at 4°C

for 4 weeks.
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P.fluorescens®] x%7} P. tolaasii¥t} 808 oo} 3h
g BuEgich o), 2k 2AseA= Pfluores
cens7} §A] EAsltielE Piolaasii Al FS conrtold 4
S ojvlshe Aolch. Pfluorescensoll Jsko] w4l
7wy control7]2he o} 8AlelA| ¢fou}, pathogen
3 AgAFAbololl dokioll gt AAo] o]FojH At
pathogeno] AH& A} w= P.fluorescensAH|dol A4
dhe Bav) Zuude] AAsis EAEAY By
A slekz ARt

B AFoxe AAZ P.fluorescens cultures A%
& ARl $-83t9ct. Pfluorescenst v Ruto}
Yzt o2 52429 WdT] AE JAlslke antibiot-
icsE AT ZRbel deld E W)l A%
sto] F8|E FE= 7lo] Erwinia carotoborao]mjs®1o,
AEEH control ¥he] AFHz Sl F wAlolxle}
HAE R ERAN AHF AFAFeR A
Ae]go 24 Erwina carotobora pathogen®] ZAl&
A& 4 9len Fluorescent pseudomonad’} 38 72
A& 7HAT Qlon wd A gdd 44 HAgc}
128319 - Colyer9} Mount'®+= fluorescent pseudomo-
nads(P.putida)ol| X} A= FAEA o3 3
20 ¥HE 6.8~182% ZAAZtln Buslgc).
ol9loll . 2|3l 4o )= pathogen] P.fluores-
cens = P.putidaol] 23 controlel] thgh @ ¥ 37}
omeinEnany o2 2w Wsliz 2E L
P.fluorescens(Pf-5) o] <& wa] SatAFal Rhizoc-
tonia solaniE controldls] o|w] ZgH4|Fo ZEE] pyr-
roluitrin®} pyoluteorinolgh= AJEAo] A Fl
BE9lc}h. Schroth®} Haucock®-& P.fluorescens2
ol get] FAfufoll QloiH 60~144% 9 FEEI}E

53ksdr.
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AZ o]43led o]Fojx|x ¢lr}. Batch processol 4=
kinetic parameters-o] A|7bo] #Hz}gltol uleba] wskah
o F cells:, 714, 281 YAEF0] 270} A
#4& fermentorol A= #7447} A F24¢ =7
At Rl E 7H Fad Aol &, xS
o £3] aerobic bacteriaql #$ols £2Ak40] ofo)
HAA7} z2jF oo} ghth. Onken®™ & P.fluorescens
wljckoll QlofA] Aba9} eRA7}A 9] total pressure mi-
partial pressure7} uw]z)= ofdko|| thdlod ol -3}alc).
£ dFolXE duboz HME ZAol| oJate] 7]Ru)x)
£ o]t HaujAE Ao, o2 HiujAE o]
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F2lsbegd . =gk o= Mauri Foods Dairy Laborato-
ries (Moorebank Avenue, Moorebank, NSW)2 ¢
Fopuolq Agaisich. o] s wao 2y
P.tolaasii$} P fluorescens®] ¥-2]= Wongs} Preece®
o) ¥h g o]g3tglon, ol u)x (PAF)Z4L Bacto-
tryptone, 10g/L ; Bacto-proteose peptone No 3, 10g
/L ; Dipotassium  phosphate, 1.5g/L ; Magnesium
sulfate, 1.5g/L ; Bacto-agar, 15g/L ; 2|3, Bacto-
glycerol, 10g/Lell % pHE 7.00]¢loH, 25°CelA
2427} wokste) Jehd ©dd F2he o 4stairt.

2. AFSHHX|

P.fluorescens % P.tolaasii®] stock cultureel] A&
¥j 2= Table 13} 7¥c}. 100ml flaske] 4] wjokst 5
okollel| glycerol(80%)< 50 : 5002 £33 ¥ WEy
of Bitste] ALg3tgdr}. d¥ F5E agar wiA|o] A7

AlA WA Bste] ARgstort.

Table 1. Media composition for stock culture of P.

tolaasii and P.fluorescens(g/L)

Components P.tolaasu P.fluorescens
NH,CI 1.0 1.5
MgSO,-7H,0 0.5 1.0
(NH,),SO, 0.05 0.1
CaCl, 0.05 0.1
Yeast extract 5.0 10.0
glucose 2.0 2.0
KH,PO, = 1.0

=3 P.fluorescens 3|-ufjoFoll 3+ AgollA 712 u)
A 24& Table 29} 7t} 271&% 30°C, pH 4.59)
2423t

3. #F=Ee

m}‘.

W A capt S SR "obA o] 2
# —“é% F A4 & PAFujA|el AFsko] 25°CellA 24

Agahgel % el wiAle 2w A 155

A7 wjekF FE 4o Y¥3e o Fets 3 WA Fet
& el Aol M £5Eslgd). o|d) & W] FekF

el Bk Ale] A7l A& FFHYT o|Ao], P

tolagsiioln] F2 Ao AL = Feo] Pfluores-

censo|t}.

Table 2. Media composition for P.fluorescens at
batch culture(g/L). pH was adjusted at

4.5
Components Mediums

NH,C! 1
MgSO,-7H,0 0.5
(NH,),S0, 0.05
Ca(Cl, 0.05
KH,PO, 1.0
Yeast extract 5
Glucose 30

4. B Y=

Al R A A7 F2t P fluorescensE 100ml flask
ol 4l 242]7F wjekgt & 500ml AHZ flaskel] 100mle]
B 2] (Table 2 F=)o4 24217} wjo} F fermentor
(New Brunswick Scientific Co., Inc.)ol|4] #F-=7
WA 24 G B AL o). ddujokdge 3R
ok} g uh--7)(Working volume=1.5L)% AM&-
boo, 94 oke) DO.Z FA37] sAstel mEE
£ 2A34c}(200, 350, 400 rpm). 2N NaOHZ o]

43ted pH 6.0¢ FAtAz, £5& 30°CE #A8%
ot 3047t °""‘:"d"§% Hotglon, AQdt 7tHce
sample$ FsHgich. whgFoll WA= AFE A7)
At} 2ZAEA sdlcon(Toshlba)—a— AH3h T

Peris-talitic pump (Vision Science Co.)E o]43}o]
dilution rateg ZAs}c}.

5. EMYH

wo}E2 ZF4E 3]4ste] spectronic 20(Bausch
& Lomb Co.)2 2 600nmel|4 2~4A|7lu}c} weight
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9} 0.Dg}e] #A o4 9dojAl standard curve(Fig 1.)
£ o|43te FAFE At

Glucose?] o}& HPLC(Waters model)o] Aminex
HPX-87C column(Bio Rad, Richmond, Calf. US.A.)
5 Azshel 24k

6. AeuH

WIHA AT (A7|E FFF 52 2A) oA el
Al el £7] 50~10071F A8} pino] vhe7] A
FE A3 Aol £ d7hA] 33 wiekds wAlst
F9qui =)ol H23A] P.fluorescens wioFeol] o3t ZhHH
Ao #3F FFE e, ojf 2=+ 18°C, §&
= 80%(RH)Z §-A3tgct. &3] P.fluorescens vHek}
9 1‘““ ek Age FAo stk
Dry cell weight(g/5ml)

005
0.004 /

0.003
0.002 /
0.001 A
/ f__ Dry cell weight (DCW) ]
A - 0D

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6
Standard curve
Fig. 1. Correlation curve between optical density and

dry cell weight of P.fluorescens.

7. M5ISHY ZAt

Lelliott 5% 2] Wbl &J3}ed oxidase ZA}, levan A
A%, arginine 733, nitrate 3952 HAx}E 3}
s},

8. PittingZd At
Gandy® 7} AR&-3F wb i 2 B8] Al cap?] tissue block

< ARyt 22)3k Piolaasus 25°Col|A] PAF uj
Aol wfeFdt F FF5ol AZF7E o 10° cells/mlo}4

Heg FA F B4 capd #IE
blockell 1 loopH =2 dgtele HFAIZ F £ AHA
Fol7k £ e petri dishell4] 25°CellA] wjoiyt
223} Ak

w7l tissue

9. 28y At

PAFu) 2| 22€] P.olaasii Al colony®} P.fluores-
cens colony® 275 10mlol] ztzt 2433 3-(10° cells
/ml), 1:1, 1:5 z28]7 1:109] v|&2 Fetsjo] 4
% PAFd)] t}A] AZ3}o3 Piolaasiiol] 3t 2dAS =
Abshsict.

10. s ZAL

Potato #j=](Potato 30g/L, glucose 20g/L, yeast
extract 5g/L, nutrient agar 30g/L)dl| P.tolaasii v
ofel ol fdAIR-2]gk & cell free o9& spreaddt F =
et Rte] A S skt

E-E TS
1. 2482 Y 8Y

PAF w#jx]5 o]&3}to] P.iolaasii®} P.fluorescense
sriglstgrt. Pseudomonas Agar v (PAF)(Di-
fco) & AZ3|ALe] A|Alo] w2} whEqich. A 2L o
o] e wlel] AEstglnt. mefe|uAle] o] A
7] cap¥-$1E A FFHTl HoAdF wAlS AAY
yrA] ol s PAFe] HER F 25°CollA 24417 &
ok wjokgt A3} Piolaasii?} A2+ colony F¢lof & )
7} BAEE £ sl =3 349 FE colony
= 7%t Fig. 204w Aze] 4o 43 o
UV lightel] ¥]39lS o ¢ad3] of2 4ze +4
& 4= glodt(a: 3] F2 colony, b: 3l e colo-
ny). §3] wje}exE 30°C ojo e ¢ v ey}
LASA Wgked, pH 6~744 744 2 depd
(Table 3)
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Table 3. The effect of various incubation tempera-
tures on the production of white line in
PAF medium around P.tolaasii

Temperature (°C)

pH
30 25 20 15
10 = — — -
9 - + + +
8 - - - +
7 - +++ ++ +
6 - +++  ++ -
4 — — - -
+, white line produced; —, white line not produced.

Table 4¢] vbe}y=o] P.olaasiiA|Fol} P.fluores-
cens AlF 25 levan A4J, oxidase 4], nitrate 3+
Aol QlojA Fdgt AE o} e YA} pit-
ting testoll 4} Aboldt xS Wt} w3t Piolaasii
AFE 2447} vjek F ¢ 23249 colonyE 7+
o 4P 4847 ot AR FLe WA
t}. Pfluorescense ¥FAe F& A2¢ #Hoon o
Al B8 e PR

Fig. 2. Screening Pseudomonas isolates on the PAF medium. After incubation for 24h at 25°C, opaque white col-
onies(a) and the translucent blue organisms(b which do not show clearly in the photograph) were ob-

served.

22)gt Piolaasii®} P.fluorescens #eFel2- 7}bz}e] n)
42 4 ¥ PAFo ujokgt A3} Table 50|49} 7o)
1:109] v]&2 49E 9 P.tolaasiie] A kA3 A
#Eglom o] AHojw 1:109] ulgolA P.fluores-
cens7} Z2gar4-¢ & 4 Qs ZE v

P.tolaasii Alio] =etz|WAl ALY Aol X o
&2 zAsl7] $iste] WAEAL wjekAARE d3oict.

Potato agar wj#]$]ell P.tolaasii vjoFel-g- AlE-2)a}ed
AZE A7 cell free brothe} MEZ A As}A] e
culture brothZ spreadgt ¥ ®HAFAES WA AE
o), F Al ZF FAHl: ARsA Fetslon P
tolaasii ¥iokelo] Qi WA ANME FAHZE 2 e
t}(Table 6).
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Table 4. Colony appearence on PAF medium and

some reactions of both P.tolaasii and P.

fluorescens
Test ?trains
P.tolaasui  P.fluorescens
White line test + =
Pitting test + -
Levan = =
Oxidase + +
Arginine hydrolysis + +

Nitrate reduction — —

Table 5. The effect of ratio of P.tolaasii and P.flu-

orescens on antagonism against P.tolaasii

Ratio of P.tolaasii and Antagonism
P.fluorescens
1:1 -
15 +
1:10 +++

+  antagonism occurred
— ! antagonism not seen

Table 6. The effect of culture broth of P.tolaasii
on growth of mushroom mycelia on

patato agar medium

ductivity S dglon, & $-2ltetollA] fructosed] Zt
o] glucose Xt} & HHolojA o] AFPAE glu-
coseE carbon % energy sourceZA| AR&-3}oic}.

Table 7. Cell growth on the media containing vari-

ous substrates

Substrates  Specific growth  Productivity
rate(y)(h-1)
glucose 0.356 0.116
fructose 0.335 0.121
sucrose 0.323 0.105
sorbitol 0.297 0.099

glucoseS A 9|3t Table 2] 7]Eujx| 5 o] gs}o
glucose FE5 10~30g/L7H#] W3tA)7]9A 27] pH
5.0014] P.fluorescens flask wfoFalsict. Fig. 3ol 1}
ehllRe] 30g/LelA 0.58g/Le] MEsEE <dglon
Table 8¢l 7} glucose =0l 4] 9o}zl specific growth
rate® productivity S el glch.

7]%ul 2] (Table 2)¢} glucose 5% 30g/LelA] =
<=5 ZAA

Table 8. Specific growth rate(x) and maximum
productivities(g/1/h) obtained from P.

fluorescens grown at various glucose

concentrations
Media Mycedial
Potato media growth Glucose Specific growth  Productivity
Patato media with P.tolaasii broth ~ not grown (g/L) rate(s2)(h™") (g/1/h)
Potato media with cell free broth not grown 10 0.087 0.0109
15 0.095 0.0117
2. A ™=A 20 0.109 0.0129
30 0.152 0.0164
o A
Table 2¢] 7]2uj#|o]| carbon 2 energy sourceZ.A] . 3A4zA

glucose, fructose, sucrose % sorbitole- z+zt 30g/L
2 aAste] At flaskeld iR Ee sagc.
Table 7o) ZA}E Azlstgon glucoseBrth= fruc-
toseol| 4] T & %9 specific growth rate®} pro-

WFEEE 30°ColA 45°CTHA] HHAA flaskol A
30417} wiekstedch. Fig. 4 oA ®%o] 30°Ce} 35°C
A4 M g ALFES gtk 2eht goe B
£ S2ufekst dgujopaly ek emt 30°CE s
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Sick. ols} zo] HAujrers} VAFES AMY F
pHell ©2 AEZFEE 2ot ofw wiokAlzke 30
Alzkelgict.

Effect of glucose concentration
Log D.C.W(g/l)

P |

0.1

X 10g/L. —e-15g/L. —4& 20g/L. —= 30g/L]

0.01 L 1 L s ' '
0 10 20 30 40 50 60 70

TIME(h)

Fig. 3. Batch growth of P.fluorescens on various
glucose concentrations at 30°C.

Table 9. Specific growth rate(z) and maximum
productivities obtained from P.fluores-

cens grown at various pH ranges

pH  Specific growth rate(x)  Productivities

(h™) (g/1/h)
4 0.083 0.0198
5 0.166 0.0316
6 0.317 0.0479
7 0.106 0.0377

pH 6.0014 718 £& X9 v]3A 4% (p=0.317
h™")¢} productivity(0.047g/1/h)E Agjon] 3 Eujor
3} dufjokell 4] =F pH 6.004 wjetA S siAct.

Effect of temperature
Log 0.D

L—ﬁ'SOC —33%C A 4cC —.'45(?}

0.1 L " 1
0 5 10 15 20 25

TIME(h)

Fig. 4. Effect of temperature on the growth
of P.fluorescens.

3. E|HH K| =N

7}, doFala}

Yeast extract7} Aol vjx)= o5k zA}s}l7] <3t
of 7] AEg 2A(5=30°C, glucose 5% =30g/
L)3} 299 wjz 24L& Table 29 7|2uj=]S o] &3}
of FEulFS AABEAT). Yeast extractd 5+ 3g
/LA 10g/L7HA) sstgos, Qibdoe aidlo}
ol 4] yeast extract?] ¢} 10g/LojAre 274817 ¢=
th F olf= AAAQ WL zjsto] wljekstr] wEo)
o,

Fig. 60l yeast extractool] wt2 A Eo] ¥ & Z log
e Fste] wlwsiglony, Table 100 AE u]ZA
2% ()9} productivity® Qoksled Ae)slodc}. Yeast
extract 10g/LellA] 7} E& v]&4] £%(0.523 h™')
9} productivity(0.029g/1/h) S 77+ el glct.
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0D Optimization of pH

02 -

I ——pH40 —pHS50 —¥% pH60 -e-pH 7.oJ

1 1 1

0 5 10 15 20 25
TIME(h)

Fig. 5. (a) Effect of initial pH on the growth of P.fluo-
rescens. Cells were grown at 30°C.
Optimization of yeast extract

0

0.D

1.4
12 F a

e

*
08
06
0.4
02
—3g/l —+5g/ —H—Tg) —=—10g/1

0 5 10 15 20 25 30 35
TIME(h)

Fig. 6. (a) Effect of yeast extract on the growth of
P fluorescens.(Temperature=30°C).

Log O.D Optimization of pH

1 IA/A/Q,,—Af——A

PO

X—x

[—)6- pH40 —e pH50 —A—pH6.0

—= pH 7?]
1 1
= 0 5 10 1l5 ;0 25
TIME(h)

Fig. 5 (b) Log scale of Fig. 5(a).

Optimization of yeast extract
Log 0.D

0.1
7
7
L
l:e 3g/1 —o- 5g/l —&— T7g/l —=- 10g/!
0.01 1 1 A 1 1 1
0 5 10 15 20 25 30 35
TIME(h)

Fig. 6. (b) Log scale of Fig. 6(a).

Table 10. Effect of concentrations of yeast extract as the growth of P.fluorescens at 30°C

Concentrations of Y.E. Specific growth rate(y) Productivity
(g/L) (h™) (g/1/h)
3 0.089 0.011
5 0.164 0.018
T 0.289 0.021
10 0.523 0.029
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Effect of Magnesium sulfate

0D
2
L5
1
0.5
—— Og/) —+ 05(g) 4= L0(g/)
-8 15(g/) e 20(g/l)
: A i "
10 20 30 40
TIME(h)
Fig. 7. Effect of MgSQO, on the cell growth.( Tempera-
ture=30°C)
Effect of Ammonium chloride
, 0D
1
051
—— 0(g/l) —— 05(g/l) ¥~ 10(g/D)
- 15(g/l) ¥ 2.0(g/1)
1 1 1
Y 10 20 30 10
TIME(h)

Fig. 9. Batch culture of P fluorescens on the medium
containing various NH,CI at 30°C.

Effect of Calcium chloride

0D

2
15

1

4
0.5

‘

[~—o@h — 005 - 01e) —8=20(e/)
O ? § 1 1

0 10 20 30 10

TIME(h)

Fig. 8. Effect of CaCl, on the growth of P.fluores-
cens.(Temperature=30°C)

Effect of Ammonium sulfate

,0D
15
1
05
—— 0(g/1) —+ 0.01(g/1) ¥~ 0.03(g/1)
8- 0.05(g/)) > 01(g/1) = 05(g/l)
0 1 1 i
0 10 20 30 40
TIME(h)

Fig. 10. Batch culture data obtained from the growth
on medium containing various (NH,),SO, at
30°C.



162 Kilzw#

Optimum KH,PO,

L——lg/l —+ 15g/1 —% 28/

00 10 20 30 10 50 60
TIME(h)

Fig. 11. (a) Effect of KH,PO, on the growth of P.fluo-
rescens.(Temperature=30°C)

Effect of D.O
0D

—-200rpm —+350rpm  ¥—500 rpm ]

0 N . . L
0 5 10 15 20 %
TIME(h)

Fig. 12. (a) Batch growth of P.fluorescens at differ-
ent oxygen concentrations which were
manipulated by agitation speed.(Tempera-
ture=30°C, pH 6.0)

Optimum KH,PO,

Log 0.D
{-—a— g/l —>% 1.5¢/1 —— 2g/ J
0.2 1 1 1 1 1
0 10 20 30 40 50 60

TIME(h)

Fig. 11. (b) Log scale of Fig. 11(a).

Effect of rpm

Log O.D
2 /://}.;/x P
7 7 O
/7 el
i
i F
“//7/
[ —&— 200 rpm =%~ 350 rpm —&~ 500 rpTl
0.08 4 1 1 1
0 5 10 15 20 25
TIME(h)

Fig. 12. (b) Log scale of Fig. 12(a).
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Yesat extract®] Aol thsjA] @2 A7} o]FoiH
o, Z.mobilis2] vjeFel S 2.5g/Lolslel| A= Al E9)
3ol 79 o]FoiAA efsiriy HuEgon®, A
Aufj-ol] yeast extractZ calcium pantothenate, bio-
tin, sulphurgo 2 thAaj4] defined mediaE wHso]
oAgmuljokel AME7| 5 8}er}3123) Defined media
ol 4] MES yielde oF 1/22 zHasiddod, tabsd,
% q, q.(specific rates for production rate or sub-
strate consumption rate)+ d<ufokoll A 7H4EA] o
Sk BaEgich. 2 B AT xs MERA 6] F
QAR o]H, dduljokoll A= yeast extract 5g/LE A}
43kt

olglo = MgSO,-7H,0, CaCl,, NH,Cl, (NH,),SO,
o] "X 9% 241817 918 Table 29] 712w %)
o glucose 30g/L, yeast extract 10g/LE A7}s}e]
47) et dste] o2 AYE . SEWE
7120 A& 718k

MgSO,-7H;0%= sulphur sourceZ4 A}43lgom
Fig. 7ol 20| AEsre] %o 9%E vjion
Table 119 Azjgtgi%ol 1.0 g/Lolste o 714 E&
kinetic parameterg ¥t} CaCl,9] HAEr = 0.1g
/Lelglen 0.2g/LelMe 2388 AZ sx9 7+42s
£ %%} Nitrogen sourceZ4] o]£3 NH,Clo| 4=
1.0g/LY df 714 ¥& AE%%e} kinetic parameter
£ den(Fig. 9), 9A] nitrogen sourceEA] ARL-3H
(NH):S0,el 4= Fig. 100 vepiie], 0.1g/LeijA
M £ 2 AEEEE Jehglch

KH,PO. 8] 4%< zAlstglon, HAsr2A 1.0g/
L& ZAsldch(Fig. 11, a, b #=). 77+ ingredi-
ent52 ¥x9 wWZ u|E4 £rel productivityE
Table 11 Az)&}4dct.

. Ak 7

99 AL o]gate] FEuoFa] HA vz 2L o
olovj(Table 12), #Auj=]Z o]83}o] aerationo] P.
fluorescens wfokol] v]= eddkol| el ZFAjstedrh.
D.0.z+e 2435}7] 95}tod agitation speedZ 200, 350,
500 rpmo 2 WstA|AA A}t

Table 11. Effect of various ingredients(MgSO,-7H,0,
CaCl,, NH,Cl, (NH,),S0,, KH,PO,) on the
growth of P.fluorescens at 30°C

Ingredients  Specific growth  Productivity
(g/L) rate(g) (h™") (g/1/h)
MgSO,-7H,0
0 0.130 0.036
0.5 0.115 0.038
1.0 0.130 0.045
1.5 0.120 0.042
2.0 0.103 0.037
CaCl,
0 0.073 0.039
0.05 0.088 0.043
0.1 0.125 0.044
0.2 0.088 0.042
NH,CI
0 0.07 0.036
0.5 0.07 0.037
1.0 0.12 0.043
1.5 0.09 0.041
2.0 0.08 0.040
(NH,).SO,
0 0.097 0.037
0.01 0.115 0.039
0.03 0.109 0.040
0.05 0.121 0.043
0.1 0.133 0.045
0.5 0.097 0.033
KH,PO,
1.0 0.051 0.011
1.5 0.046 0.011

pHE 6.0, &=+ 30°Cell %3o]4 CSTR(NBS
fermentor)ol|4]  ujeFatgict. Total working volume
2.0L<l ¥kg-7lell 1.5L9] 25 A<M At ag-
itation speedE F7HA]71% D.O.gts A5A17]#e Al
29| ARl 7S Jepldch(Fig. 12, ab). Agi-
tation speedS 500rpm o2 A SA|7S A A TAA
9| lag phase7} o 847t A|45glor] Table 134
H5o] specific growth ratedA] @& £3&5 vjehgl
=3

Agitation speedZ 200rpm o & 7}AA|HE o lag
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Table 12. The composition of optimum for batch

culture of P.fluorescens

Components Concentration(g/L)
NH,CI 1.0
(NH,),S0, 0.1
MgSO,-7H,0 1.0
CaCl, 0.1
KH,PO, 1.0
Yeast extract 10.0
Glucose 30.0

phase7} o}5 Zotow, specific growth rates 0.427
h e Jehfsich. E2 agitation speedol| o] H|EA
Zol| thgt A8} shear forceo] 7]Q1g Ao A}y
t}. Zefv} Onken®™ & oxygen®| ¥--gte] 240mbare]
A 1150mbar2 2718 o u|&4 &7t F48) 7123t
iy Bustdc). o]l agitators AMEE}A| 93 air-
lift fermentorg o]4&}dct. ol P.fluorescens7} ¥
2 0, ¥EoA ARANE dethe AL 4 ojgt. O,
Huolo 94Imbar® 7ZtAA|AS w AAMAQl ¥]FA]
=% Jehisidky Baaksict.

apr

Table 13. Specific growth rate(y) of P. fluores-
cens in batch cultivation at different

agitation speed(rpm)

RPM Specific growth rate(u)
(Final D.O.) (h™)
200(78) 0.427
350(90) 0.359
500(94) 0.216
4. AASHH 2t

Zzlr3 2 CSTR fermentorelA] & HAZA(L
& 30°C, pH 6.0, agitation speed=200 rpm)< °|4

spod Aok Axjaln). 34 EE 0.025904 0.25
(h"")7b=] ©3A|7]H4 glucose ¥=Z 20g/L, 30g/
L, 40g/LZ w35t HA Table 124 veht sle A

P R 1/h
0.18 // )

0.12 / \
7.
o N\
oA N\

/
| == 2001 —r 30g1 K 40g/) o

() 1 1 1 ¥ ‘\‘
0 0.05 0.1 0.15 0.2 0.25 0.3

Dilution rate(1/h)

=3

Fig. 13. Continuous culture of P.fluorescens on the
medium containing various glucose and
ingredients. Culture conditions were 30°C,

ALl en
Continuous culture
Long term process(D=0.1, 1/h)
Log 0.D.
05 s L ' L L L
0 10 20 30 40 50 60 70

TIME(h)

Fig. 14. Continuous culture of P.fluorescens on the
difined medium contaning 30g/L of glucose at
dilution rate 0. 1 h~'. Culture conditions were
30°C, pH 6.0.

ZAWA e AE Fig. 13 vehsich. A5l
ofo| A= yeast extract tfAlell 4o} (FeSO,-7H,0,
CuS0,-7H,0, MnSO;- & 3712 A7H3

A2 w7 9] glucose ol FAglo] 45 0.05
h'olly Aze FAEES Ao old FATE(Yys)
& 77+ 0.875, 1.063, 0.8130]%1t}.

M2r 0.1 h'ojA Zthx|¢] productivity (3|4}
=X AZ%E, DX)E yehhglon, sl Hope
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F2 AEEEE st ol
o] JguFo 2 AlgH
Table 142] 30 g/L9] glucose 5 %9} ingredients&

12 WY Fholes

A7 wjAE o]83te] 3AMulg 0.1 h'g 2As}
6017k A<k A3} steady stateo]|A] 1.19 g/L<] A
EEEE Asich(Fig. 14).

Table 14. Relative concentration of individual elements in bacterial cells, common media for cultivation

and calculated composition of basal medium

Medium(glucose)
Element Components
20g/L 30g/L 40g/L
N (NH,).SO, 5.26 7.89 10.53
P KH,PO, 0.165 0.248 0.33
K K,HPO, 0.25 0.37 0.5
Na NaHPO,-12H,0 0.27 0.405 0.54
Mg MgSO,- 7H,0 0.525 0.787 1.01
Fe FeS0,-7H,0 0.017 0.026 0.034
Mn MnSO0,-4H,0 0.0025 0.012 0.05
Cl CaCl,- 2H,0 0.125 0.188 0.259
Co CoCl, 0.34 0.51 0.68
Mo (NH,)sMo;0-4H, 0.007 0.011 0.014
B H,BO, 0.24 0.36 0.48
PO, H.PO, 0.12mg 0.18mg 0.24mg
5. Z{8 9| control 784S B}, Piolaasiiv} P.fluorescensS 1:100
2 3|Asle] PAF ujAo| %23 Az} PiolaasiiBoh=
P.fluorescensE 7r#wlo] 84kl BlA o 2 X E] Bals} i 334 | FE249 P fluorescensito] H2 5
3 ®38 Mauri Foods Dairy Laboratory(Moorebank ek AdHsHA & 4 glov Z3kE Fig. 159 ARzl
Avenue, Moorebank, NSW 2170) 23] Fokuko 1 ek oic).

F5 AHEsHh olv] Hedt HAxAs oA 3 Eulok
gk culture broths AME-3}4ich. 304)7F wiokdem =
S ATFEEE 9o wgde] pHe wjdrlel 5o
g pH 6.0 253} dAEeE 34 s 10g/L
4ol £ AZE Aot ]9} Zo] AL wikAE 5
o A 100u]7h] B]Asted A AbdE v zloll wAlFS
&L F HAEAPE 34E A7 $Hdd] HA cap
o] YA UE wrtA] gt 7HAe 2 321# 50~100
e Algol $57]2 gt Table 15064 BEo] 10
e MRl 2 frEe] AA ST} o} 2
< A= 3 ﬂ‘ﬂ%ﬁ—lﬁiiTEi TEHoE AL Ao|r}.

w5k Bokuko P fluorescens 94| P. tolaasiiol] thdh

Table 15. Control of mushroom blotch by culture

of P.fluorescens selected from diseased

mushrooms
Dilution Disease Control

0 90%

b 90

10 90

15 30

20 30

100 =
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Fig. 15. Mixture of P.fluorescens and P.tolaasi grown
on PAF medium at 25°C for 24h. The Growth
P.tolaasii was seriously inhibited.

Fig. 16. Photographs of diseased mushroom caused
by P.tdaasi and healthy mushrooms with
an application of P.fluorescens culture.

6. “El2|H4 (Lactarius Hatsudake)

Field studyol] ©]&& P.fluorescensufjokh s 55
of AL v AT BT} §48] FadtdA A
o} 235 Jehlr) Zskgen ol EEel §rEed
de FAEAGE Zer FEHd =z dd P
tolaasiioll 7}Hdsle] Zhwiwle] 7] A4S de A
o ®x= A WS controld o loict. W &
I AT AZATE o83t 2 27 HAS Fig

o, 4372 viabilityo] 9%FE
Z A AA)| = viabilityol] ¢332 w2t} (Table 16 #2).

16¢) veh it}

P fluorescens Bjokole- 4~5°Cof] BiAIFS #hs}9]
o)A okgtont 6

Table 16. Effect of storage time on a shelf-life

Storage time(week) Viability
0 +++
1 +++
2 +++
3 +++
4 ++
5 3
6 +

w3 ujokol e YAlRalsle] e N ELE freezing A
7 22 3§ Ay} /4L %S viability o] &4
10%Wel9ieh. wea] obF e L2(—60°C)olA]
£4o] X4t freeze dryingA|7S w= viability of &
Alo] thebs] 7ich. o]7& rehydrationA]Z o AEUY

EAo] frEH A AE o] AdtH: o AR
%E]_'S(i?

ARZ AFATE A s o83 o 71t Fod
AL AR A =g ARRE, A7kl $8T AL
2 vepdon, ek wjekAAA Frtel Hgdehd w4

Feke] 215 #@ £ Qla Aok
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