Development of Biocontrol Compound
for Decay Prevention of Fruits
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SUMMARY

(JE 2 tE

The objective of this project was to develop the new storage materials with low cost,
nonpoisonous, and environmental affinity for fruis storage. This project was made up 1)
development of treatment technology with new materials for long-term storage in apple,
pear, persimmon, and grape, 2) and mass production of anti-fungal bacteria and the natural

active substance.

The results were follows:
(1) Development of treatment technology with new materials for long-term storage in
fruits.

1) All of Bacillus strain GB-019 was showed prominently antagonisms against Botrytis
cinerea, Fusarium oxysporum, Pythium aphanidermatum, Phytophthora capsici,
Colletotricum gloeosporioides, and  Rhizoctonia solani. The effects of bacterial
concentration had appeared from 6.3x10° cells/ml to 6.3x10* cells/ml.

2) The optimal concentrations of anti-fungal bacteria were determined 6.3x10°
cellssrml GB-019 strains.

3) In PE-film treatment at 4°C after GB-019 dipping, PE-film 0.045mm packing was
suitable to apple 'Fuju' during 84 days, PE-film 0.075mm to pear 'Niitaka' during
90 days, PE-film 0.045mm to persimmin 'Fuju’ during 60 days, and PE-film
0.045mm to grape 'Sheridan' during 45 days.

4) Additional compouds, 0.2% glyco chitosan and 2% calcium carbonate, were risen

to prevention of decay rate.



(2) Mass production of anti-fungal bacteria and the natural active substance

1) GB-019 strain was bacillus form with the electron microscope observation,
gram-positive with gram-staining, and having motional activity. This strain was
characterized Bacillus sp., and called Bacillus sp. GB-019.

2) As the results of the antagonism between Bacillus subtilis GB-019 and plant
pathogens, GB-019 showed the repression effect to Botrytis cineria, Fusarium sp.,
and Penicillium sp.

3) For the mass production of anti-fungal bacteria, we made a selection of soybean
meal as N source and starch as C source to the medium.

4) In order to the induction of spore formation in B. subtilis GB-019, the addition of
10 mM Ca®" was effective in initiation culture. However, it had made observation
of bacterial growth suppression with dipicolinic acid (DPA) addition in initiation
culture.

5) Bacillus sp. GB-019 also showed the imperfection by autolysis.

6) Granular manufacture was more economical efficiency than liquid in Bacillus sp

7) Anti-fungal active substances were distributed in and out of bacteria.

8) Anti-fungal active substances were comparatively stable in pH and temperature.
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Mo g sk - a7 A Zbel 9l tH(Kohl 5, 1995; Wisniewsli$t Wilson, 1992).

T3 AFA edX| e Pseudomonas cepaciaZS 8]y Alternaria rot¥ 3
& #%ole Tl AAlHe % EHdS =d F AN (Huang 5, 1993), #
TY EYAA FE 3 antagonistE Aol A I e AHEEAHY  Botrytis
cinerea®} P. expansum® EAFAS A5 H(Janisiewiez, 1985). F3+ ujjo A &

28+ Sporobolomyces roseus (pink yeast):= A AFFT HAE ZAAF

=

(Janisiewiez, 1994), @]9l Trichoderma virid, T. harzianum< 2~ o] 2] A 0
Y 3ol ZAFPAS AAFA o (Pratella®t Mari, 1993), Fx1wA Moo= 2t
F o] &%+ Pseudomonas cepaciaZ A3t wiol Heldt A3 FEFFo|et IMF
o] REFo] & 3A o] tH(Janisiewiez2} Roitman, 1988; Janisiewiezs, 1991).

g, AldtE AEd A9l g A& tE phytotoxicityE WEFW Al =
Aol F a3ttt Aol Botrytis rotoll Trichomoderma pseuokoningiiS *2]dt9HY
A WASAA At s o8 FiiEs do7|x] ko m(Tronsmo?t Raa,
1977), H-olol A+ WA s brown rote] WAl Bacillus subtilisS #3836y
HESF 70% B=el Fapgalel dasia, e Ao FFS vAA fsken
oA st 54 L3 el & (Pusey 5, 1987, Charles &, 1987).

HFdet, Ak, dspdn 5 SHFE WSR2 antagoniste] A3 o] o] Fo A
=, o7]ell A me Folu ol olF#l phytotoxicity] FAglol F 2
WAlel 237 AAJAHGould 5, 1996; Hammers, 1993; Mooreman 5, 1992;
Redmond -&, 1987).
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Transference of fungi on mandarin

to PDA media and cultivating it
I
Smearing above with autoclaving NaCl water

l

Pippetting of 1TmL from above and

diluting with 9mL NaCl solution
!
Repeat above 4 times

l

Pippetting of 1mL from final diluted solution

and cultivating in water agar

(containing antibiotics)

!
Incubation 25C for 3—-4 days
!

Taking colony from above and

transferring to PDA media
!
Incubation at 25C for 3-4days

Fig. 1.1. Flow diagram of purification and isolation of fungi applied for the present

studies.



Adding deionized NaCl solution
to the fungi culture flask
!

Scarping the culture surface with a spetula

l

Pippetting of 1mL from above and

diluting with 9mL NaCl solution
!
Repeat above 4 times

l

Determination of conidial concentration

with a hemocytomater
!

Dilution of conidial suspension to aimed concentration

with deionized NaCl solution

Fig. 1.2. Flow diagram of determination of conidial suspension concentration applied for

the present studies (Rohrbach and Pfeiffer, 1976).
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Botrytis cinerea Fusarium oxysporum Pythium aphanidermatum

Phytophthora capsici Colletotricum gloeosporioides Rhizoctonia solani

Fig. 1.3. Results of in vitro antagonism testing after 5 days for bacterial strain GB-019.
A) 6.3 x 10° B) 3.15 x 10°, C) 6.3 x 10°, D) 3.15 x 10° , E) 6.3 x 10* cells/ml
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Fusarium oxysporum Botrytis cinerea Rhizoctonia solani AG1-1A

Phytophthora capsici Pythium aphanidermatum Pyricularia oryzae

Fig. 1.4. Results of in vitro antagonism testing after 5 days for bacterial strain GB-65.
A) 6.3 x 10° B) 3.15 x 10°, C) 6.3 x 10°, D) 3.15 x 10° , E) 6.3 x 10* cells/ml

,14,
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Fig. 1.5. Decay rate with various thickness of PE-film treatment at 4°C during 112 days

in apple 'Fuji'. Bars are standard error.
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Fig. 1.6. Decreasing rate of fresh weight with various thickness of PE-film treatment at
4°C during 112 days in apple 'Fuji'.
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o] dAA AstH Ao (Fig. 1.7), AP EE 3 PE-film 0.075mm A & 7ol A]
FE skt mepa] ow) Aol Agol= mAE HEl$ PE-film 0.075mm=E
packingdto] 1124 (2F 42)7hA] 7] A 4] 7hsgh Aoz eyt

718 AdE EdE AR A w) A E v A EA S PE-filmA 2] 9F A
grE sto] AAZH FeAFS I F Fosd AAREES vus] 2 Ay
Abp Fxeb ol ‘Ala” BE wAE 29 PE-filmO ® packing ¥ A 2] ol A e
&3 AARREo] we Aor yeiwth gy, FeAZACdE F o 2% A

=

zobd 709 ol Fole ol Fhol UE wWolxm

N

1

N
fd
o
L
=
o
s

Tl w3

ist
Azre] vl o3 Ao w AAmEtH(Table 1.5, 1.6).

97 BeE AR AYFE PE-filme A ste] 4Ce AZs An, B
PE-0.075mm¢$t PE-0.045mm A 2] 7ol A 7 vt vt o v (Fig. 1.9), A&
< PE-0.075mm A7l HAA= vepskeh(Fig. 1.10). 28y A7 564945 7]
To R WAo] wlg AstE i g4dA = R AR FaleA vEY dEA AP
7h w- AZe A vebstth(Fig. 1.11).

T A AgeE g2 #FFEY AT AT QojA e FHE X
o] F=oth H 3 &2 PE-0.045mm Az 7oA 7HE koo m(Fig. 1.12), AARE &S
0.045mm Aol A e Aoz yepytont fojgk ate]l= glth(Fig. 1.13). X%

v HEstustelgt e Fogoldte] HdolHW 1 Mol go] g ol A 309 ol F
o] Ruj&ol FA FUtstg o, B3 FEAE AA et nAYES o] &3
A7 A A AEgex] @& Aoz eyt a8y, control¥ W] L3}
PE-film BEE HAgT7F Fol& 2 AAFEENA 271 @& o= yepgth E
¢k PE-film 0.045mm H§ 4CelA A A¥ 459 A== FEAA stetglol
Aol 74Hsd Ao w vebsktH(Fig. 1.14).
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Fig. 1.7. Decay rate with various thickness of PE-film treatment at 4C during 112 days

in pear 'Niitaka'. Bars are standard error.

,18,



Control —e—PE-0.025

R

< 5| —=—PE0.045- x -PE-0.075
=

o

()

2 4

<

[%2)

o

= 3|

©

2o

© 2r

(@]

=

3 1

o

3

&) 0

0 28 56 84 112

Day of storage

Fig. 1.8. Decreasing rate of fresh weight with various thickness of PE-film treatment at
4°C during 112 days in pear 'Niitaka'.
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Table 1.1. Decay rate (%) according to storage time and temperature with GB-019 and
PE-0.045mm treatment in apple 'Fuji'.

Storage day

Temp. Treatment
10 20 30 40 50 60 70 80 90 100

GB-019+PE-0.045mm 1.1a" 1.5b 2.2b 2.6b 3.3b 4.1b 5.6b 6.7b 7.4b 8.5b

Room 100 107
GB-019 152 22a 33a 44a 5.6a 63a 8.5a 11.1a
a a
GB-019+PE-0.045mm 0 0 0 0 07c 1.5c 2.2c 2.6d 3.0d 3.7d
4+17C

GB-019 0 0 0 1.dc 1.5¢ 2.2c¢ 33c 4.8c 5.2c 6.3c

“ DMRT. P=0.05
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Table 1.2. Decay rate (%) according to storage time and temperature

PE-0.075mm treatment in pear 'Niitaka'.

with GB-019 and

Storage day

Temp. Treatment

10 20 30 40 50 60 70 8 90 100
GB-019+PE-0.045mm 0.7a 1.1b 1.9b 2.2b 2.6b 3.0b 3.7b 4.8b 5.9b 7.0b

Room
GB-019 I.1a 1.9a 3.0a 3.7a 4.8a 5.6a 6.3a 9.6a 11.1a119a
GB-019+PE-0.045mm 0 0 0 0 0 0.7¢ 1.9c 2.2c¢ 2.6d 3.0d

4+1°C
GB-019 0 0 0 0 04c l.lc 2.2c¢ 4.1b 4.4c 5.6¢

? See Table 1.1.
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Table 1.3. Decreasing rate of fresh weight according to storage time and temperature with

GB-019 and PE-0.045mm treatment in apple 'Fuji'.

Storage day

Temp. Treatment
10 20 30 40 50 60 70 80 90 100

GB-019+PE-0.045mm 2.0 3.8 6.7 11.1 13.8 142 150 159 16.9 18.0
Room

GB-019 43 56 97 119 133 157 164 17.8 183 19.3

GB-019+PE-0.045mm 14 23 37 40 50 59 67 81 99 114
4+1C

GB-019 14 22 35 50 60 7.1 80 9.0 103 12.6
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Table 1.4. Decreasing rate of fresh weight according to storage time and temperature with

GB-019 and PE-0.075mm treatment in pear 'Niitaka'.

Storage day
Temp. Treatment

10 20 30 40 50 60 70 &8 90 100

GB-019+PE-0.045mm 2.1 39 69 12.0 139 152 158 16.2 17.1 19.1
Room

GB-019 42 53 88 132 148 162 175 184 19.6 21.1.

GB-019+PE-0.045mm 13 24 37 41 53 60 69 85 95 120
4+1C

GB-019 1.5 26 43 47 59 72 81 93 106 132

,23,



Table 1.5. Change of soluble solid content (“Brix) according to storage time and temperature

with GB-019 and PE-film treatment in apple 'Fuji' and pear 'Niitaka'.

Storage days

Treatment

0 10 20 30 40 50 60 70 80 90

. GB-019+PE-0.045mm 129 11.7 11.5 10.8 123 129 11.5 125 11.1 11.7

e GB-019 12.9 12.7 12,5 129 124 112 12.0 119 11.2 11.2

Ful Room GB-019+PE-0.045mm 129 124 122 119 11.1 122 11.1 122 115 124
Temp. GB-019 129 114 128 122 12.0 125 12.0 12.6 11.1 122

. GB-019+PE-0.075mm 12.5 12.5 11.8 11.6 12.6 122 11.6 11.8 11.5 11.3
Pear e GB-019 12,5 124 11.1 11.1 11.1 12,6 11.2 11.8 114 11.2
'Niitaka' Room GB-019+PE-0.075mm 12.5 11.8 11.3 11.1 11.5 11.9 12.0 11.2 114 12.7
Temp. GB-019 12.5 124 121 121 11.7 122 114 11.8 122 11.6
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Table 1.6. Change of organic acids content (%) according to storage time and temperature

with GB-019 and PE-film treatment in apple 'Fuji' and pear 'Niitaka'.

Storage days

Treatment
0 10 20 30 40 50 60 70 80 90
. GB-019+PE-0.045mm 0.81 0.66 0.68 0.60 0.63 0.71 0.56 0.58 0.62 0.56
e GB-019 0.81 0.76 0.66 0.70 0.65 0.60 0.64 0.54 0.55 0.50
Fur Room GB-019+PE-0.045mm 0.81 0.63 0.68 0.70 0.64 0.74 0.60 0.53 0.57 0.59
Temp. GB-019 0.81 0.88 0.70 0.72 0.74 0.65 0.56 0.47 0.48 0.44
. GB-019+PE-0.075mm 0.95 0.86 0.75 0.68 0.72 0.75 0.52 0.67 0.64 0.69
Pear - GB-019 0.95 0.77 0.72 0.59 0.86 0.73 0.58 0.68 0.63 0.61
'Niitaka' Room GB-019+PE-0.075Smm 0.95 0.84 0.68 0.69 0.63 0.76 0.62 0.57 0.52 0.51
Temp. GB-019 0.95 0.81 0.60 0.82 0.69 0.67 0.63 0.49 0.46 0.41

,25,
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Fig. 1.9. Decay rate with various thickness of PE-film treatment during 112 days at 4°C

in persimmon 'Fuju'. Bars are standard error.
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Fig. 1.10. Decreasing rate of fresh weight with various thickness of PE-film treatment at

4C during 112 days in persimmon 'Fuju'.
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Fig. 1.11. Internal browning and flesh softening during storage in persimmon 'Fuju'.

A: 15 days, B: 30days, C: 50 days, D: 70days after storage.
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Fig. 1.12. Decay rate with various thickness of PE-film treatment during at 4C 60 days

in grape ‘Sheridan’. Bars are standard error.
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Fig. 1.13. Decreasing rate of fresh weight with various thickness of PE-film treatment at
4C during 60 days in grape 'Sheridan'.
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Fig. 1.14. Width and length section of fruits after storage with GB-019 strain dipping and
PE-film packing treatment.
A: apple 'Fuji' with PE-0.045mm treatment after 84 days,
B: persimmon 'Fuju' with PE-0.045mm treatment after 60days,
C: pear 'Niitaka' with PE-0.075mm treatment after 90days,

D: grape 'Sheridan' with PE-0.045mm treatment after 45 days.
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A3 HAEAAG JNEN FF 2 sE2E E8AF

G vAEA A} 7|EALS] T8 aNE dolRY] 93 FAAMER ALY T
2 G ‘B2 AR89t} Oligo chitosan, 2% & 7| EAF, glyco 71EAF 5 371X

7IEANS 242 01%, 0.2%¢] s==2 mAEAA) =8&ate] HHe vwxs Adsta

At 2ol A, 02% A8 7IEAN 02% glyco 7IEARS] H7M7E Fals o
Aol & &37F AN (Fig. 1.15), AAHEE T3 SFFo] it FHAs
TolF A tH(Fig. 1.16). ol 7IEARS] Jutgatel] 713k o= AlgETh

@ HRwe A, 02% glyco 71EARS] HIME v E AT ECd HlE FaE&S
AA A EHFAFFig. 1.17). o= rebeol gt 71EAS A Ad o8 2o}
gdarth(Fig. 1.18). 3Hets-o] Ao oligo 71E4F 0.2%2] A€zt 713 FaukA
H7F 2 Ao 2 et vk B Ad = glyco 71EAF 0.2% A g7 £
e, ol AR w3 3y o] FEReke tE dHA AT

o

b

M)
L

fU R ol

o

o

P

Gel A T dEe] WwstE ZAbE 2 A3 (Table 1.7) A=A Hlsto]
AT dxrl F grolxlE Aol YA o, 02% glyco chitosang # ] g

GB-019 HA A FoldE AF7|Ee A2 AAgle] FE7F molxl= AT

(Table 1.8).
G A HEe AAF7IZRe] A wel BE Ao 53] FAE Y

A2 A 7o o] mlg- ke Aoz et Table 1.8).
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Fig. 1.15. Decay rate with various kind of chitosan treatment at 4°C during 110 days in
apple 'Fuji'.
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Fig. 1.16. Decreasing rate of fresh weight with various kind of chitosan treatment at 4°C
during 110 days in apple 'Fuji'.

,34,



16 - —e— Control Oligo chitosan 0.1%

Oligo chitosan 0.2% —x— Glyco chitosan 0.1%
14 L —e— Glyco chitosan 0.2% —+—Food chitosan0.1%
—=—Food chitosan 0.2%
12 +

3
)

10

Rate of decay (%
o

0 15 30 45 60 75
Storage days

Fig. 1.17. Decay rate with various kind of chitosan treatment at 4C

persimmon 'Fuju'.
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Fig. 1.18. Effect of biological control and chitosan treatment for long-term storage in

tangor.
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Table 1.7. Change of solid content (., Brix) during storage with GB-019, 0.2%

chitosan, and 0.045mm PE-film treatment in persimmin 'Fuju'.

glyco

Storage days

Treatment

0 10 20 30 40 50 60 70 80 90
0.2% Glyco chitosan 10.5 105 9.8 9.6 106 102 9.6 9.8 95 113

4C
Control 105 104 99 9.1 11.1 106 92 9.8 94 112
0.2% Glyco chitosan 105 98 93 99 95 99 10.0 92 94 10.7

Room
Temp. Control 10.5 104 10.1 10.1 9.7 102 94 9.8 102 96
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Table 1.8. Change of organic acids content (%) during storage with GB-019, 0.2% glyco

chitosan, and 0.045mm PE-film treatment in persimmin 'Fuju'.

Storage days

Treatment

0 10 20 30 40 50 60 70 80 90

0.2% Glyco chitosan 0.81 0.66 0.68 0.60 0.63 0.58 0.51 0.62 0.71 0.85

4C
Control 0.81 0.76 0.66 0.65 0.67 0.69 0.71 0.76 0.84 0.91
0.2% Glyco chitosan 0.81 0.63 0.68 0.70 0.64 0.60 0.62 0.63 0.77 0.83
Room
Temp.

Control 0.81 0.88 0.70 092 0.84 095 0.86 0.87 0.86 0.95
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Table 1.9. Change of firmness (5mm ¢ /g) during storage with GB-019, 0.2% glyco chitosan,

and 0.045mm PE-film treatment in persimmin 'Fuju'.

Storage days

Treatment
0 10 20 30 40 50 60 70 80 90

0.2% Glyco chitosan [1028.3 1036.0 823.7 804.7 1014.8 859.9 761.8 869.3 696.0 796.6

4C

Control 1028.3 894.5 818.1 911.3 835.1 719.6 7114 686.3 744.8 699.1
Room 0.2% Glyco chitosan [1028.3 1006.4 890.8 792.0 776.8 888.1 731.1 684.2 534.0 658.5
Temp.

Control 1028.3 781.8 889.6 905.5 760.4 719.8 857.4 709.1 722.1 6503

,39,



A4 HYE-JIEN AALG ZgAAY T/ 2 s EL&AF

A AEst mAE-7IEAL] E8AA F adt Mg =gdd 0.2% glyco
chitosan ] 7-ol| calcium chloride®} calcium carbonate 52 ZHEAAE TEE=
At v AEAAL H aHE dolry] 5t B HA¥S St 1 Ad
Abdp FA)w) A A wzk B 25 calcium carbonate 2% 3 7F7F F-subA| o j
T+ a9Hd Aoz YEeiutt om(Table 1.10), AATEE oJA = calcium
chloride®} calcium carbonate R Aol A folg o]zt gl th(Table 1.11). 1
A, AAE wt=E= o] 2o calcium carbonated H7beE ZAAo] AZITHAY, &
o] o] ekzhel EA7F A7 E At} E3F calcium carbonateE H7bshAl =W, 3
A A g Fol el stEA FHo] AVIA HEH, olE AHAEC] Fwofow X
A2 S sHA] FS7t S EHo] o] Fidel dig F42l A7 v Fasth

Fig 1.19+= GB-019 strain® 0.2% glyco chitosan, “1#] 3L 2% calcium carbonate®
A7bete] e AAR ARG S ow) A @3 R E 90U A A E
s BolErh adelA B AR o] Ak wl, @ 9o AAE AT F
PE-films Agetd 90U7MA = dEdel fAHY, £ Aol 4T A=

sHets 604S uH 2 A G| Brhsdch

N

it

PE-film 0.045mm& packingS 3sFo] 4TColA <F 84

k-3
% PE-film 0.075mm& packing= 3te] 4ColA <F 90
S PE-film 0.045mm= packingS 3Fe] 4TColA <F 60
¢ & PE-film 0.046mm¥ packing= 3} 4CoA <F
45 s AAstd FFEe Astglol Aol 7bs sttt

T3 | AEAA GB-019 TAA 02%9] glyco 71EAMT 2% calcium carbonateZ

b U% o R 2aE 348 5 Aok
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Table 1.10. Decay rate (%) of fruits treated with various concentration of calcium

compounds after 90 days storage.

Apple 'Fuji'  Pear 'Niitaka' Persimmon 'Fuju'  Grape 'Sheridan’

Control 23 3.0 15.0 56.0
Calcium chloride 1% 2.0 2.5 7.3 50.0
2% 2.1 2.0 7.3 32.0
Calcium carbonate 1% 1.5 23 6.4 28.0
2% 1.5 1.3 4.7 26.0
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Table 1.11. Decreasing rate of fresh weight (%) of fruits treated with various concentration

of calcium compounds after 90 days storage.

'

Apple 'Fuji'  Pear 'Niitaka' Persimmon 'Fuju'  Grape 'Sheridan

Control 4.76 5.27 3.28 8.6

Calcium chloride 1% 4.04 4.45 2.97 7.0
2% 4.38 4.24 2.97 7.1

Calcium carbonate 1% 4.51 4.26 3.10 6.79
2% 442 4.30 3.12 7.0
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Fig. 1. 19. Effect of GB-019, 0.2% glyco chitosan, and 2% calcium carbonate with

PE-film treatment for storage in fruits.
A, B: apple 'Fuji', C, D: pear 'Niitaka', E, F: persimmon 'Fuju'

A, C, E: before storage, B, D, F: after 90days in storage
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Fig 1. Screening of antifungal activity strain by in vitro assay.
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of F55o] gl AukAel AFER Wl Wt Yok

HE AEE T 4% AEHYdde] st gt spectrums HES] {3k 4
Eo duty o dE Zo| F= HAT AL FFo|WH (Botrytis cineria), A<
W (Fusarium sp.), Q19 2= (Pythium sp.), 139 (Phytophthora capsici), ¥&
W (Erwinia carotovora), 22=% (Rhizoctonia solani), 249 (Penicillium sp.),
w3 (Scletonia sclerotiorum)s AH&3stAth &AL AETEFE Sml LBS HiA|
7b 3fE test tubedll HE T 30CelA 24h wigstch siddm & wjdds
A8 2)(8,000rpm, 10min)ste] A5 H 50 #3Fe] paper disc(Z7d Smm)ol] &3 &
A& 283 PDA T3iA 9ol S8¥a 2t7te] W] HAAF 2%

7)
oA 3-5¢ wjgsit) Z4F HYT vXE ¢S GAH S HAY(clear zone)

HEF AT AFEEE 98kl 1L Aflaske]l LBS A E 200m% 253 &
%27 AEYY BEE 2%E o] FE3 T 30ToA 24h JIegujk st AL A

A& viable cell count ¥ optical density (600nm)%E =743} t}.

HF AT widS 93 pH 2748 93te] 1L Aflaskel LBS HiAE 200ml
IN HCl, IN NaOHZ o] &3&te] %27] pHE 217+ 3,5, 7, 9, 112 =43

,4’77



ofN
jg

HE AdFo 4 AF 255 fHES7] skl 1L Aflaskel]l LBS #A&
5

S8 262 st YET F olF lomy st Wit

5. Add 2 ABES MAxA HE

1) 7)) A7

HF APEFT vGe S vix] 21E 98t WA o2 bacillusT Bl el A
2 gdeEd FYgE GB wi¥uiA|(soluble starch, soybean meal, yeast extract,

(NH»)2S0s KH:POs MgSO)E 7| EujA = o] &atgion 7|Eujx] FRSo] AEA
ol m A= s =A37] 98] Plackett-Burman experimental design (Table 1)

2 ol gate] 2t WM EES] main effect 2o,

S [e)
g F FrldAadd

ALY 72 A F71 AUl (NH)2S0,0] ks 1L
yeast extract, soybean mealZ} T3 FHFoz T2 ALYPYS=E meat extract,
peptone, corn steep liquor, yeast extract, soybean meal, casamino acid, tryptone,
urea, (NH4)2SOs, NHANO3,Z AFE3 o, ©@A29e 7| ufx] 9 soluble starch$} &
A3 slaFo g 2 wrAa ¢l glucose, sucrose, xylose, glycerol, molasses, dextrinZ
AbEat A Th b7l A Al oid JEFe ol AR HAAd F3oldd

penicillium sp.°l g Aoz HAAGsAT. w2 AL viable cell countings %3}

£
0%
Al
oy
il
e
o
ol
e
o
=)
gt
ox
rlo
o}

e8]

o}

e

o
w0

@]

g
o
o
oo
ol
£
e
o
ol
e

,48,



Table 1. Plackett-Burman experimental design.

Run Soybean Soluble Yeast (NHiSOs  KHLPO, M5O,
meal starch extract
1 + - + - - +
2 + + - + - -
3 - + + - + -
4 + - + + - -
5 + + - + + +
6 + + + - + -
7 - + + + - +
8 - - + + + +
9 - - - + + -
10 + - - - + +
11 - + - - - +
12 - - - - - -
13 0 0 0 0 0 0
14 0 0 0 0 0 0
15 0 0 0 0 0 0
+(g/L) 8 10 5 2.5 3 1.5
-(g/L) 0.8 1 0.5 0.25 0.3 0.15
0(g/L) 44 5.5 2.75 1.375 1.65 0.825
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Fig. 2. Strain Performance/Selection (Growth, Antifungal activity)
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Table 2. Characteristics of the isolated strain GB-019.

Morphological Characteristic

Result

Shape
Gram-staining
Endospore form

Motility

Bacillus
Positive
Ellipsoidal shape

Present

Biological Characteristic

Result

Range of growth temperature
Optimal growth temperature
Range of growth pH
Biochemical oxygen demand
Catalase

Voges-Proskauer response
Starch catabolic ability
Casein catabolic ability
Gelatin catabolic ability
Reduction of Nitrate

Tolerance to NaCl

form 15C to 45C
25~35TC
5.0~8.0

facultative anaerobic

+ o+ o+ o+ o+ o+

up to 10.0(W/v)%

Acid production from Glucose +
carbohydrate sources Arabinose +
Xylose -
Mannitol -

Analysis of fatty acid in cell C15 : 0 anteiso 41.8 %

C15 : 0 iso 26.2 %

C17 : 0 anteiso 7.7 %

C16 : 0 iso 4.5 %

Cl16 : 0 24 %

Cl4 : 0 iso 2.1 %
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3. Bacillus sp GB-019¢] & spectrum

HE A" GB-019 ¥ AEH AT AL Fol ¥ (Botrytis cineria), MNE+
W (Fusarium sp.), Q3% 2= (Pythium sp.), 139" (Phytophthora capsici), &
W (Erwinia carotovora), 22=% (Rhizoctonia solani), 2% (Penicillium sp.),
W (Scletonia sclerotiorum)®| ™3t 83 spectrum= A E A3} Table 394 o
Bl A3te} 2ol Botrytis cinerigd W3 @A o] 71 w9ke ™ FErwinia carotovora,

Scletonia sclerotiorum®] W3l += Aol Ao gt

4. Bacillus sp GB-0199] Wd=A AE

HZA¥E Bacillus sp. GB-0195 LBS Ao wj%3dle] WEEES HED Ay
Fig 3.3 #Zo] w2 & 8h Fof HUAZFS 3t 10h o] Fol+= w243 AbEstE
Aoz eyt E3 600nmollA FEEE SASE A A nEt FFEE

viable cell numberd= 9 ALAo g =719t a8y vjgAz & ¢k 8h
7FA = viable cell number2t O.D. 32 F717F dX e ALZ YEY

o
k1

2) 7] pH
HZFMAEH Bacillus sp. GB-0192 LBS #jAlol %7] pHZ 3,5, 7, 9, 112 HA
T gl ASEEE HES 23 Fig 4.9 o] %7] pH 7049 AFo] 7h
Fstom pH 3, 9, 119 A9 AKo] A dojux Furt o247} wjd=7] pHE
7002 3]

o

ol

HZXEE Bacillus sp. GB-0195 temperature gradientE ©]-&3to] v 3 A3
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Table 3. Antimicrobial activity of Bacillus sp. GB-019.

Name of test organism Effect of growth repression (mm)
Botrytis cineria 27
Fusarium sp. 20
Pythium sp. 19
Phytophthora capsici 11
Erwinia carotovora 0
Rhizoctonia solani 18
Penicillium sp. 26
Scletonia sclerotiorum 0
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Fig. 5. Effect of growth temperature on cell growth of strain GB-019.
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5. Bacillus sp GB-019¢] HWiX1=A AE

1) 712uA o] A4
HEXAEE Bacillus sp GB-0199] 7] u]X](soluble starch, soybean meal, yeast
extract, (NH4)2SO4 KHoPO, MgSO,) AEE0] AXEAA v Xi= J3S A 357
$38l Plackett-Burman experimental designg ©] &3} Z} wlX] A EE 2] main effect
Artst A3 Fig 6.7 #°] Soybean mealo] A T3 w X &= FFo] 74

101 KHoPOs= s viAo EA4A # S35 a8kt

mlm

2) Aag R wade] 9

O

HFXAEHE Bacillus sp GB-0192] 7] 2w A](soluble starch, soybean meal, yeast
extract, (NHy)2:SO4 KH:PO; MgSO»)E 7|22 3lo] mld2% 30T, vl YAIZE 12he
2 sk & AAYe] JFS HES A3 Table 4.9 o] viable cell number %
Penicillium sp. 91 digk &4 9lo] meat extract, soybean meal 5 °] $-53}
A Th.
Bl od8S AES A} Table 5.9F #o] xyloseE A st AWt o=
zkol7b = Ao ® yERETh E3 ©@A9S 7]E8 A9 soluble starch® AF8-3FS1
2 9gs A9 49 Fig 794 deides AXHE S5
= 2%0A Aol 7MY £ Ae® yeuth ols AREFE dgANS dA=
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Table 4. Effect of nitrogen sources on the antifungal activity of starin GB-019.

Nitrogen sources Viable cell number(cfu/ml) Antifungal activity(mm)
Meat extract 52 x 10° 28
Peptone 1.5 x 10° 21
Corn steep liquor 7.8 x 10° 19
Soybean meal 4.1 x 10° 25
Casamino acid 9.2 x 10’ 17
Tryptone 2.8 x 10° 21
Urea 1.2 x 10 15
Ammonium sulfate 42 x 10° 17
Ammonium nitrate 3.1 x 10° 16
Yeast extract 1.2 x 10° 20
Control 1.9 x 10° 27
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Table 5. Effect of carbon sources on the antifungal activity of starin GB-019.

Viable cell Antifungal
Nitrogen sources
number(cfu/ml) activity(mm)
Glucose 29 x 10° 28
Sucrose 1.5 x 10° 26
Xylose 53 x 10° 21
Glycerol 1.1 x 10° 26
Molasses 12 x 10° 25
Dextran 1.8 x 10° 26
Control 1.9 x 10° 27
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Fig 7. Effect of soluble starch concentration on cell growth of strain GB-019.

,63,



Table 6. Effect of concentration of mineral sources on sporulation of stran GB-019.

Mineral sources Vegetative cells Spore(cfu/ml) Antifungal
(cfu/ml) activity(mm)
Co™* 9.2 x 10° 45 x 10° 25
Ca™ 1.1 x 10° 7.8 x 10° 26
Fe*' 8.3 x 10° 5.1 x 10° 25
Cu™* 8.9 x 10° 4.8 x 10° 26
Mn** 22 x 10° 9.8 x 10° 28
Mo** 7.8 x 10° 43 x 10° 26
Ni** 8.9 x 10° 6.1 x 10° 27
Zn®™' 9.5 x 10° 8.5 x 10° 26
Control 1.9 x 10° 3.8 x 10° 27
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Table 7. Effect of concentration of Mn’" ion on the sporulation of stran GB-019.

Concentrations of  Vegetative cells Spore % of spore Antifungal
Mn*" ion (cfu/ml) (cfu/ml) formulation activity
0 mM 1.9 x 10° 3.8 x 10° 20 27
5 mM 2.7 x 10° 7.8 x 10° 29 28
10 mM 22 x 107 9.8 x 10° 45 28
20 mM 1.5 x 10° 7.9 x 10° 53 25
50 mM 9.5 x 10° 6.5 x 10° 68 25

,65,



oX,
rlo

2
o
o
)
o

Ao® vehgrh E@ 1 W7} FRel me ZARd Ange

2 22 Foll QloJA = 10mM =7t 7R A JERS

ol

Hi
o
T
L
=X
oY

4) HAu AA

HEAEH Bacillus sp GB-0192] #]l¥¢S 3 HAux|Yozw BEBrgog:=
starch® AA YO ZE soybean meals EAF AL 98 F&o0]Le Mn®' S A3
o Plackett-Burman experimental designe ©]&3led ZF wixAEE9 main

effect A3} wjA o] gFaAE F7] flal o7k AU S w8t pH =

Aol 7153 WExo o8-S HAE material balanceE 1eldte] thL&-¢] Table 8.3
2ol @t A4S A E 319kE

5) Bacillus sp GB-0199] ¥x3dA =

Bacillus sp GB-0192 WAXAE A3t EHo] goermz uAE AL S
sl JLFAEY] ¥R ZH3to] HQsk AoR FuEo FAHZAS WA XX
&

34% FESA ol 2N FLoleg o

o
ol
2
2
Ir
o2l
k1
bl
x
2
0
o
tlo
B H
2
o

U Y w2 2A ddes d7] fste]l A xR g4e s HAEA cortex
&

Os
ox
=2
ofy
fo
ol
ol
X
LS
ofo
ol
ol
rr
poy
o
it
s
)
™
=
2.
(@)
o,
=)
(@)
Q
Q.
23
=)
=
=
1o
et
N
N
ol
A=)
il
o
i
o
ol

g
g
S~
>,
24
it
ol
oX,
filo
1
X
Y
%
ol
ol
o
fu
=z
o2
a3
o
of
=2
kil
N
N
ol
2
2
ol

of wjAol 7 7ka

=
(7
o
[0/e]
>
)
)
)
o
1o,
—
Q

o
D

O
S
i
flo
off
b
frt
et
N
N
2,‘.',
K
[\
(@)
>
)
)
2
o2
o
X
ke
i
=

o
o
f
2
o
i
kel
D)
O g
o,
Ho
[
rr
o|\
N
_0|L
rr
o
o
filo
=
Auj
p9)
=
o
2
o
A
il
w

= 719 Sl Aoz yeut wek PDA H7bsEs wddnm § A
g EAetd g FAvF dASeE ¥ Ee] MY =a S

-
GYALFTE BT FEGH S00ME A= A5

,66,



Table 8. The compositions of the biomass and activity metabolite production.

Ingredients Concentration
Soybean meal 1.0 %
Soluble starch 20 %
KH,PO, 03 %
(NH4)SO;4 025 %
MgSO; + 7TH,O 0.049 %
MnCl, 10 mM
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Table 9. Effect of the concentration of DPA on the sporulation induction of Bacillus sp.

GB-019.
Concentration of  Vegitable cells Spores % of spore  Antifungal activity”
DPA (uM) (cfu/ml) (cfu/ml) fromation (mm)
0 2.5 x 10° 1.1 x 10° 44 27
12.5 2.1 x 10’ 1.2 x 10° 57 27
25 1.7 x 10° 12 x 10° 71 27
50 1.2 x 10’ 1.1 x 10° 92 26
100 8.9 x 10° 6.9 x 10° 78 24

a) Diameter of clear zone against Penicillium sp.
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A& S43% 23 Table 10014 A5 wiF = 1041 o] F= F7hste] oF 18411 &
of HZ yelwrom 1uwjel clear zone9 sizet ¢F 26mm HEE YER ST

7. A A 3}t
A7V A Dol HjgES 7R AFA A AA HEES 98] Table 11.3

m\(

o iR BEAE HUbste] MAEMGES ol &% AAE vHELL 40T H
#3HA] viable cell number ¥ XA HAS Foto] AAe LS AESS

th 2 Ad AR 4F To) 10° £Fow Frstgon 12F To) 10 Fxow A

4

w3t uAbe]l A9 m AL wjkE 1L dextrin, soluble starch, lactoseE H-H A=
sto] gy E Myt & 5AAZR ko] z12bo] UlE viable cell numberE 743 1
A Table 129 A3} E lactoseE H7}stE Aol vz £& Aoz ey on

BgAle) AAEE oF 10% FEol AR Ao vEy,

,69,



—e— pH

—ma— DO
—aA— Viable cell
—w— Spore

80 1
7
-
© 1
» 60
X I,
- o
g 40 A
5
20
0 4 w ‘
0 5 10
Time (hr)

4e+9

3e+9

2e+9

1e+9

Viable cell number (cfu/mL)

1.6e+9

1.4e+9

1.2e+9

1.0e+9

8.0e+8

6.0e+8

4.0e+8

2.0e+8

0.0

Fig 8. Fermentation of strain GB-019 (pH, DO control, production medium).

_ 70 —

—_

Spore number (cfu/mL



Table 10. Viable cell number and antifungal activity of starin GB-019 on jar fermentation.

Time Viable cell number Antifungal activity”
(h) (cfu/ml) (mm)
2 1.1 x 10° 0

3.4 x 10° 0

1.9 x 10° 11
8 2.0 x 10’ 15
10 1.3 x 10’ 19
12 1.3 x 10’ 23
14 1.2 x 10° 26
18 1.1 x 10’ 26
20 1.3 x 10° 26

a) Diameter of clear zone against Penicillium sp.
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Table 11. Formulation of the culture broth.

Ingredients Percent Functions
Cultures 92 Active ingredient
Glycerol 5 Thickner
Potassium propionate 0.3 Preservative
Sodium sorbate 0.2 Preservative
Methyl-p-benzoate 0.1 Preservative
Tween 80 1.5 Sticker
H,SO, pH4.2 pH adjustant
Final volume with H,O to 1L

,72,
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Table 12. Effect of concentration adjuvant on the formulated solid type microbial

preparations.
Adjuvant Total No. of viable cells Total No. of viable cells
Rate of
before lyophilization after lyophilization
Component Content (cfu/ml) (cfu/ml) harvest(%)
5 2.2 x 10" 8.1 x 10" 37
Dextrin 10 22 x 10" 1.3 x 10" 59
15 22 x 10" 1.3 x 10" 59
5 22 x 10" 8.5 x 10" 39
Soluble starch 10 22 x 10" 1.2 x 10" 55
15 2.2 x 10" 1.5 x 10" 68
5 2.2 x 10" 9.1 x 10" 41
Lactose 10 22 x 10" 1.6 x 10" 73
15 22 x 10" 1.7 x 10" 77
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