Development of New Material for Long-term
Freshness Maintenance after Harvest in Mandarin
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SUMMARY

The objective of this project was to develop the new storage materials with low cost,
nonpoisonous, and environmental affinity for showing the solution of filed bottleneck in
Jgju. This project was made up 1) development of treatment technology with new materials
for long-term storage in mandarin, 2) mass production of anti-fungal bacteria and the natural
active substance, and 3) the large scale field application using the anti-fungal bacteria and

the natural active substance in mandarin.

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

1) All of Bacillus strain GB-017, GB-0365, and GB-017+GB-0365 were showed
prominently antagonisms against Penicillium sp., Fusarium sp., and Alterhenza sp.
The effects of bacterial concentration had appeared from 6.3x 106 sporesml to 6.3
x 104 spores/ml.

2) The optimal concentrations of anti-fungal bacteria were determined 1/2 dilution of
GB-0365, 1/10 dilution of GB-017, and 1/2 dilution GB-0365+GB-017 strains.

3) White fungi were generated on the pericap after 10 days from storage and almost
mandarins were decayed until 105 days in control, on the other hands, rates of
funga occurrence was very low until 85 days in anti-fungal bacterial treatments.

4) Using GB-0356 strain, dipping treatment was evaluated more effective on mandarin
storage between tree spraying and dipping. In tree spraying treatment, the rate of
decay after 50 days was very low compared with control, and the case of dipping
was inclined lower than that of control.

5) For the purpose of examining the effect of the natural active substance mediated
anti-fungal bacteria to mandarin storage, we had treated with control, 1/20, 1/40,
1/60 of the natura active substance. As the result of this test, the rate of decay
was considerably decreased in all of dilution treatments. The natural active
substance treatment of 1/20 dilution was especially fine to effective on decay

suppression after 90 days, and had no affected in the change of external
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appearance.

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

1) GB-0365 strain was bacillus form with the electron microscope observation,
gram-positive with gram-staining, and having motiona activity. This strain was
characterized Bacillus subtilis, and called Bacillus subtilis GB-0365. In the case of
GB-017 strain, it was bacillus form with the electron microscope observation,
gram-positive with gram-staining, and having motional activity. This strain was also
characterized Bacillus sp., and called Bacillus sp. GB-017.

2) As the results of the antagonism between Bacillus subtilis GB-0365 and plant
pathogens, GB-0365 showed the repression effect to Botrytis cineria, Fusarium sp.,
Pythium sp., R. solani MAFF 511103, and R. solani MAFF 305245. Also, in the
case of Bacillus sp. GB-017, it had the repression effect to Pythium sp., Botrytis
cineria, Fusarium sp., R. solani MAFF 511103, and R. solani MAFF 305245. All
of two, they had the selectable activity in plant pathogens out of consideration for
lacking the repression effect to bacteria and yeast.

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-0365, the addition
of 10 mM Ca2+ 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-017 also showed the imperfection by autolysis.

6) Granular manufacture was more economical efficiency than liquid in B. subtilis.

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

8) Anti-fungal active substances were comparatively stable in pH and temperature.

(3) The large scale field application using the anti-fungal bacteria and the natural active
substance in mandarin
1) As the results of dipping treatment in field mandarin, the effect of anti-fungal
bacteria had approved in 'Heungjin' and 'Koongcheon' mandarin with low decay rate
and depreciation.

2) In the dipping treatment of house mandarin, the rate of decay was considerably
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decreased than control.

3) As the results of the tree spraying of the natural active substance mediated
anti-fungal bacteria to the large scale field application in mandarin storage, the

natural active substance treatment of 1/20 dilution was especially fine to effective
on decay suppression.

4) In conclusion, the treatments of Bacillus sp. GB-0365, GB-017 will contribute to
value added of farmhouse with 1/20 dilution by tree spraying.
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25-80% . (blue

mold; Penicillium italicum) (lemon green mold; Penicillium digitatum)

(Abeles |, 1992; Elad, 1988; Elad, 1992; Evensen, 1995).
, apoplast solution

(Cronshaw
Pegg, 1976; Droillard , 1987).
fungicide , UV,
X-ray, gamma ray radiation, , (Louise , 1959). ,
fungicide
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(Janisiewiez ~ Roitman, 1988; Janisiewiez , 1991).
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(Tronsmo  Raa, 1977),
brown rot Bacillus subtilis 70%
(Pusey , 1987; Charles , 1987).
, , antagonist
, phytotoxicity
(Gould , 1996; Hammer , 1993; Mooreman , 1992; Redmond
, 1987).

' , 40%

: 50% (
73.2% ) . ,



Bacillus spp.
strain
GB-017 GB-0365
fungi Potato Dextrose Agar
25 35 , fungi
( 1-1, 1-2).
fungi filter paper PDA
, fungi GB-017  GB-0365, GB-017+L SH55
paper
GB-0365 ( , 12, 1/10, 1/50, 1/100 ), GB-017 ( , 12,
1/10, 1/50, 1/100 ), GB-0365 + GB-017 ( , 1/5, 1/10, 1/50 )
Fungi  bacteria petridish 30 3-5 ,
fungi bacteria petridish fungi
bacteria
2
8-11 ,
1998 11 1999 3
15 , GB-0365 ( , 1/2, 1/10, 1/50, 1/100
), GB-017 ( , 1/2, 1/10, 1/50, 1/100 ), GB-0365 + GB-017 (
1/5, 110, 150 ) . 30 LB+soluble starch
24 (6.3x 106 spores/ml),
15kg 4 box



Transference of fungi on mandarin
to PDA media and cultivating it

|

Smearing above with autoclaving NaCl water

|

Pippetting of ImL from above and
diluting with 9mL NaCl solution

|

Repeat above 4 times

|

Pippetting of ImL from final diluted solution
and cultivating in water agar
(containing antibiotics)

|

Incubation 25 for 3-4 days

|

Taking colony from above and
transferring to PDA media

|

Incubation at 25 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

|

Pippetting of ImL from above and
diluting with 9mL NaCl solution

|

Repeat above 4 times

|

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).



8-11 , 1998 11 1999 3
, GB-0365, GB-017, GB-0365+GB-017
, 15kg 4 box ,
4
, 2
GB-0365 1/2
5
8-11 , 1999 12
2000 3
4 , 1/20, 1/40, 1/60
15kg 4 box , ,



1
fungi Penicillium sp., Fusarium sp., Alterhenza sp.
Penicillium sp. fungi filter paper PDA
, GB-017  GB-0365, GB-017 + GB-0365
, 6.3x 106 spores/ml 6.3x 104
spores/ml ( 1-3, 1-4, 1-5). GB-017
GB-0365
Fusarium sp. ( 1-6), Alterhenza sp. ( 1-7), Rhizophus sp. ( 1-8)
, Penicillium
2
,  GB-0365( , 12, 1/10, 1/50, 1/100 )
GB-017( , 1/2, 1/10, /50, 1/100 ), GB-0365+GB-017( , 1/5, 1/10,
1/50 ) , GB-0365 1/2 , GB-017 1/10 ,
GB-0365+GB-017  1/2 ( ).
( 11 GB-0365 1/2
, GB-017 1/2 25.78%
90
( 1-2), ( 13
, 2 , 5
GB-0365 1/2 , GB-017  1/10 , GB-0365+GB-017 1/2
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Fig. 1-3. Results of in vitro antagonism test after 5 days from Penicillium sp. and
bacterial strains (GB-017).
C) control, 1) 6.3x 10¢, 2) 3.15x 10¢ 3) 6.3x 10%, 4) 3.15x 105, 5) 6.3x 104 spores/ml

Fig. 1-4. Results of in vitro antagonism test after 5 days from Penicillium sp. and
bacterial strains (GB-0365).
C) control, 1) 6.3x 10€¢, 2) 3.15x 10€, 3) 6.3x 10%, 4) 3.15x 10%, 5) 6.3x 104 spores/ml
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Fig. 1-5. Results of in vitro antagonism test after 5 days from Penicillium sp. and
bacterial strains (GB-017+GB-0365).
C) contral, 1) 6.3x 10€, 2) 3.15x 10€¢ 3) 6.3x 10%, 4) 3.15x 105 spores/ml

Fig. 1-6. Results of in vitro antagonism test after 5 days from Fusarium sp. and bacterial
strains (GB-0365).
1) 6.3x 10¢, 2) 3.15x 10¢, 3) 6.3x 10% 4) 3.15x 10%, 5) 6.3x 104 spores/ml
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Fig. 1-7. Results of in vitro antagonism test after 5 days from Alterhenza sp. and bacterial
strains (GB-0365).
C) control, 1) 6.3x 10€, 2) 3.15x 10€¢ 3) 6.3x 10%, 4) 3.15x 105, 5) 6.3x 104 spores/ml

Fig. 1-8. Results of in vitro antagonism test after 5 days from Rhizcphus sp. and Bacterial
strains (GB-017).
C) control, 1) 6.3x 10¢, 2) 3.15x 10€, 3) 6.3x 10%, 4) 3.15x 10%, 5) 6.3x 104 spores/ml
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Table 1-1. Decreasing rate of fresh weight with each treatment after 90 days in mandarin.

Storage date

Treatmernt 15 30 45 60 75 90
Control 0.95z 1.92 3.15 4.24 4.76 5.90
GB-0365 1/ 100 0.96 1.65 6.77 12.03 3.70 5.25
1/ 20 0.96 1.76 3.07 3.01 4.34 5.97
1/ 10 0.93 1.66 3.41 11.34 4.08 19.21
12 0.96 1.53 2.70 3.27 16.84 4.47
1 0.82 1.67 5.09 3.62 11.77 18.83
GB-017 1/ 100 0.77 1.79 4.27 3.10 3.27 6.13
1/ 20 1.00 1.29 2.88 2.87 9.09 8.34
1/ 10 0.84 1.62 3.11 3.48 4.23 521
12 0.95 1.66 9.94 3.53 4.13 25.78
1 0.97 177 2.83 3.51 3.68 19.51
GB-0365+GB-017 1/ 50 0.83 1.58 4.54 6.48 30.96 16.51
1/ 10 0.92 1.89 2.76 3.07 4.07 5.28
12 0.83 1.93 3.04 7.61 5.48 6.44
1 0.76 1.86 2.76 2.98 3.98 13.27

z Decreasing rate of fresh weight (%)
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Table 1-2. Organic acids content of each treatment after 90 days in mandarin.

Storage date

Treatment 15 30 45 60 75 90
Control 0.87z 1.27 0.61 0.43 0.71 0.52
GB-0365 1/ 100 0.78 112 0.67 0.67 0.53 0.63
1/ 20 0.80 0.70 0.49 0.63 0.47 0.56
1/ 10 0.95 0.97 0.54 0.69 0.50 0.59
12 0.72 0.47 0.92 0.73 0.67 0.53
1 0.84 0.67 1.08 0.59 0.72 0.73
GB-017 1/ 100 0.96 0.67 0.86 0.64 0.77 0.71
1/ 20 0.61 0.82 0.82 0.63 0.46 0.52
1/ 10 1.10 0.59 0.82 0.42 0.70 0.51
12 0.79 0.66 0.98 0.74 0.32 0.67
1 0.96 0.85 0.62 0.43 0.60 0.47
GB-0365+GB-017 1/ 50 112 0.57 0.87 0.75 0.50 0.73
1/ 10 0.92 0.76 0.46 0.60 0.59 0.57
12 0.95 0.96 0.76 0.80 0.38 0.57
1 0.72 0.43 0.95 0.59 0.74 0.58

z Organic acids contents (mg/100g fresh weight)
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Table 1-3. Soluble solid and acid ratio of each treatment after 90 days in mandarin.

Storage date
Treatment 15 30 45 60 75 90
Control 6.44z 4.44 9.22 13.99 7.17 10.40
GB-0365 1/ 100 7.54 4.96 7.96 7.70 10.75 8.09
1/ 20 7.95 9.37 11.95 9.00 12.58 9.58
1/ 10 5.73 5.54 10.15 5.53 11.31 6.62
1/ 2 8.60 13.00 6.65 7.47 6.43 9.85
1 6.93 8.63 4.83 9.46 6.20 6.79
GB-017 1/ 100 6.25 9.02 6.65 8.98 741 6.31
1/ 20 8.61 6.67 6.84 9.54 11.32 8.38
1/ 10 5.40 9.78 7.32 14.19 8.01 10.00
1/ 2 7.20 8.04 5.37 7.81 17.36 6.46
1 6.33 6.23 8.86 12.94 8.96 8.17
GB-0365+GB-017 1/ 50 4.83 10.37 6.00 6.92 8.47 5.40
1/ 10 5.98 6.83 12.11 9.69 8.84 10.14
12 5.98 6.36 8.00 6.41 13.79 8.84
1 7.77 11.84 6.90 9.87 8.04 8.86

z Soluble solid and acid ratio
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Fig. 1-9. Decay rate of each treatment after 90 days in mandarin. Bars are standard error.
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©

Fig. 1-10. Results of each treatment after 85 days in bacteria suspension dipping treatment
test.
(A) Contral, (B) GB-017, (C) GB-0365
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Fig. 1-11. Decreasing rate of fresh weight with each treatment after 90 days in mandarin.
Bars are standard error.
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Fig. 1-12. Organic acids content of each treatment after 90 days in mandarin.
Bars are standard error.
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Fig. 1-13. Soluble solid and acid ratio of each treatment after 90 days in mandarin.

Bars are standard error.
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Table 1-4. Decay rate (%) of mandarin during the room

temperature storage.

Storage date
0 10 20 30 40 50
Treatment
Control 0 15 159 26.7 48.9 68.2
Dipping 0 0 11 7.8 20.0 32.2
Tree spraying 0 14 2.7 5.7 8.9 17.0

Table 1-5. Change of soluble solid Solid (Brix) during the room temperature storage in

mandarin.
Storage date
0 10 20 30 40 50
Treatment
Tree spraying 10.5 10.3 9.5 9.8 9.8 9.6
Dipping 105 10.9 105 10.2 10.9 11.0
Control 105 10.1 10.0 10.1 9.8 10.6

Table 1-6. Change of organic acid content (%) during the room temperature storage in

mandarin.
Storage date
0 10 20 30 40 50
Treatment
Tree spraying 0.90 0.95 0.92 0.70 0.70 0.49
Dipping 0.90 0.83 0.92 0.69 0.60 0.51
Control 0.90 0.91 0.89 0.65 0.59 0.76
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Table 1-7. Change of hardness ( 3 /g) during the room temperature storage in
mandarin.
Storage date
0 10 20 30 40 50
Treatment
Tree spraying 862.5 888.5 776.7 772.4 741.5 721.1
Dipping 862.5 780.5 743.0 748.8 730.7 674.0
Control 862.5 792.5 821.1 872.6 768.1 751.6

Table 1-8. Rate of CO2 occurrence (%) during the room temperature storage in mandarin.

Storage date
30 40 50
Treatment
Tree spraying 2.78 3.45 194
Dipping 341 3.56 174
Control 2.65 4.12 3.95

Table 1-9. Change of coloring L value during the room temperature storage in mandarin.

Storage date
30 40 50
Treatment
Tree spraying 53.16 52.95 51.86
Dipping 54.40 55.96 53.86
Control 53.86 52.98 53.36
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Table 1-10. Change of coloring a value during the room temperature storage in mandarin.

Storage date

Treatment %0 40 >0
Tree spraying 34.31 34.17 33.19
Dipping 34.52 31.80 3391
Control 33.80 33.90 32.30

Table 1-11. Change of coloring b value during the room temperature storage in mandarin.

Storage date

Treatment 30 40 >0
Tree spraying 29.03 20.71 28.30
Dipping 30.35 30.89 30.27
Control 29.82 28.85 29.40
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Rate of Decay (%)

Storage Date

Fig. 1-14. Decay rate of each treatment with natural active substance in mandarin.
Bars are standard error.
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Fig. 1-15. Change of fresh weight of each treatments with natural active substance after
90 days storage in mandarin. Bars are standard error.

- 28 -



—h
oo
1

=k
L]

—n
.

=k
(%}

=
[
L]

oo
L]

Cantral a— 1/20 difution

—5— 1140 dilution = 1/60 dilution

Soluble Solid Content ( “Brix)

D ] L L L AL I}

0 15 30 45 B0 75 90
Storage Date

Fig. 1-16. Change of soluble solid content of each treatments with natural active
substance after 90 days storage in mandarin. Bars are standard error.
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Fig. 1-17. Change of organic acids contents of each treatments with natural active
substance after 90 days storage in mandarin. Bars are standard error.
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(crown  gall)

Agrobacterium radiacter strain 84 K1026 Galltrol, Dygall, Nogall

B. t. kurstaki, B. t. aizawari
1981 ,
, 1989 1995
1 2 ( 38 ) ,
Bt

30-50 1980

300 1% 3

Bt . Bt
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Bergey's manual of determinative bacteriology, Microbiological
methods, Manual of methods for general bacteriology, Microbiology - a laboratory manual,

Bergey's manual of systematic bacteriology

2
(Botrytis
cineria), (Fusarium sp.), . (Pythium sp.), (Phytcphtora
capsici), (Alternaria citri), (Cladosporium  cucumerium),
(Colletotrichum gloeosporiodes), (Pleospora sp.), (Rhizoctonia solani
MAFF 511103), (Rhizoctonia solani MAFF 305245) 10
Bacillus subtilis, Staphylococcus aureus, Escherichia
coli, Pseudomonas aerusinosa, Candida albicans, Saccharomyces cerevisiae
50 , )
50
( 8mm)
3 4
3
1 30
24 12,000x g 20
1 100 105 )
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100 NB 20
1 , 30 24
5
Bacillus subtilis GB-0365 WK-10(H+form) cation

exchange chromatography, HP-20 adsorption column chromatography, ethyl acetate

extraction, silica gel chromatography, prep-HPLC

1)
8,000rpm 10
3 acetone
acetone acetone
2) pH
pH 4 24 pH 7
3) column chromatography
pH 3, 7 10 2-1
pH 3,7 10
pH pH 3, 7, 10

SA20AP(OH-), SA20AP(Cl), Amberlite IRA 45(0OH-),
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WK-10(H+), WK-10(Na+), SK1B(H+) 20 ml 1x32 cm column

pH 3, 7, 10
, 5
acetic acid,
NHZOH . HP-20
pH 3, 7 10 100% 2-propanol
(IPA)
4) WK-10 cation exchange column chromatography
pH 7 WK-10(H+)
5L column(11x 50 cm) . pH 7

UV detector  AZmn 0.2, 05
N NHZOH . 12 L/hr (space velocity=2.4)
column U.V. detector(254 nm) U.V. recoder

4L
5) HP-20 adsorption column chromatography
Diasion HP-20  polystyrene  divinylbenzene
(reversed phase) , polymer
polymer
( ) :
( )
WK-10 cation exchange chromatography pH 3
HP-20 5L column(11x 50 cm)

A 30, 50, 100% IPA
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Table 2-1.

lon-exchange and adsorption resins used in experiment.

Resins

Characteristics

SA20AP

Amberlite IRA45

SK1B

WK-10

H P20

Strong anion exchange resin
Strong anion exchange resin
Strong cation exchange resin
Weak anion exchange resin

Adsorbent resin
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6)
HP-20 adsorption column chromatography 10 ml

pH 3,7, 10 hexane, chloroform, ethyl acetate, 1-butanol

7) Buthanol extraction

HP-20 adsorption column chromatography IPA
pH 3 buthanol 3
emulsion
, NaCl

8) Silica gel column chromatography

Ethyl acetate sodium sulfate
ethyl acetate silica gel  coating column  loading
silica gel  100-200 mesh(Merck Co.) column 4x 30 cm
Silica gel column chromatography hexane-ethyl acetate(7:3, 3.7,
0:10) . 10 ml/min column
U.V. detector (254 nm) u.v. recoder fraction
collector 50 mi . ,

10) Preperative high performance liquid chromatography(Prep-HPLC) HPLC
Prep-HPLC column  Waters Delta pak C-18 column(7.8x 300 mm)

55% MeOH 2 ml/min fraction collector . Silica gel
column chromatography , peak
MeOH prep-HPLC . prep-HPLC
100 p | injection peak
HPLC
column  Waters y BondapakTvC1(3.9 x 150 mm) , 1 ml/min, UV
254 nm
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GB-0365 ,
Bergey‘'s Mannual
2-2 , Bacillus subtilis , Bacillus subtilis
GB-0365

GB-017
, , . GB-017
Bergey's Mannual , 2-3

Bacillus sp. , Bacillus sp. GB-017

2 spectrum

(Botrytis cineria), (Fusarium sp.), . (Pythium sp.),
(Phytcphtora capsici), (Alternaria citri), (Cladosporium cucumerium),
(Colletotrichum gloeosporiodes), (Pleospora sp.), (Rhizoctonia
solani MAFF 511103), (Rhizoctonia solani MAFF 305245) 10
Bacillus subtilis, Stephylococcus aureus,
Escherichia coli, Pseudomonas aerusinosa, Candida albicans, Saccharorryces
cerevisiae
50 ) ,
50
( 8mm)

2-4 , GB-0365

(Botrytis cineria)
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Table 2-2. Characteristics of the isolated strain GB-0365

form 5 to 50

25 35
pH 50 80
facultative anaerobic
+
Voges-Proskauer -
Starch +
Casein +
Gelatin +
Citrate +
Indole -
Nitrate +
N aCl up to 10.0(w/ v)%
Glucose +
Arabinose +
Xylose -
Mannitol +
C15: 0 anteiso 43.8%
C15: 0 iso 26.1%
C17: 0 anteiso 7.6%
C16: 0 iso 4.5%
Ci16: 0 4.1%
C14: 0 iso 2.5%
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Table 2-3. Characteristics of the isolated strain GB-017

form 5 to 45
25 35
pH 50 8.0

facultative anaerobic

+
Voges-Proskauer +
Starch +
Casein +
Gelatin +
Nitrate +
N aCl up to 10.0(w/ v)%
Glucose -
Arabinose +
Xylose -
Mannitol -
C15: 0 anteiso 38.1%
C15: 0 iso 27.2%
C17: 0 anteiso 12.7%
C16: 0 iso 4.3%
Ci16: 0 2.1%
C14: 0 iso 2.0%
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Table 2-4. Antimicrobial activity of Bacillus subtilis GB-0365 Bacillus sp. GB-017

(mm)

B. subtilis Bacillus sp.

GB-0365 GB-017

Bacillus subtilis 0 0
Steptylacoccus aureus 0 0
Escherichia cali 0 0
Pseudomanas aurusincsa 0 0
Candida albicans 0 0
Saccharomyces cerevisiae 0 0
(Batrytis cinera) 21 17
(Fusarium sp.) 18 15
(Pythium sp.) 17 18
(Prytcphtora cepsici) 14 11
(Alternaria citri) 14 15
(Cladosparium cucumerium) 0 0
(Coalletatrichum gloeospaoriodes) 15 15
(Plecspora sp.) 17 14
(Rhizactonia solani MAFF5 11103) 14 17
(R. salani MAFF 305245) 16 15
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(Fusarium sp.),
(Pythium sp.), (R. solani MAFF 511103),
(R. solani MAFF 305245) . ,

, GB-017 , (Pythium sp.)
(Botrytis cineria), (Fusarium sp.), (R.
solani MAFF 511103), (R. solani MAFF 305245)
2
1)
H (3
2) (5ke )
, B. subtilis GB-0365 Bacillus sp. GB-017
2-5
LB starch 1% LBS
2(viv)% . rotatory shaker( 20 ) 200rpm
30 . (Botyritis
cinera)
(mm)
42
Achromobacter aceris 1FO3166
2

meat extract, peptone, corn steep liquor, soybean meal, casamino acid,
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Table 2-5. Composition of the basal medium

Carbon sources 0.8%
Nitrogen sources 0.8%
Minimal salt solution 200ml
0.IM MgSO4- 7Hz0 10ml
Distilled HZO up to 18

Minimal salts solution (per 12 )

NazH PO« 12H20 859
KHZzPO4 159
NaCl 259
NH<«I 5.0g
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tryptone, urea, (NH4)zS04 NHZNO:, yeast extract polypeptone

, glucose, sucrose, starch, xylose, glycerol, molasses, dextran(M.W. 70,000,

8,000, 40,000) . soybean meal
6 , 12
, 24
2-6 2-7
B. subtilis ,
beef extract soybean meal ( )
Bacillus sp. GB-017
B. subtilis
, Bacillus sp. GB-017
soybeam meal starch ,
. Starch
glucose
pH material balance 8
?3) B. subtilis GB-0365
B. subtilis GB-0365 Bacillus sp. GB-017
, (autolysis)
Bacillus subtilis GB-0365 , cortex
(Cazt)  dipicolinic acid(DPA)

(60 )
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Table 2-6. Effect of nitrogen sources on the antifungal activity of B. subtilis GB-0365

and Bacillus <p. GB-017

Nitrogen sources

Antifungal activities*

B. subtilis GB-0365

Bacillus sp. GB-017

Meat extract

Peptone

Corn steep liquor

Soybean meal

Casamino acid

Tryptone

Urea

Ammonium sulfate

Ammonium nitrate

Yeast extract

Polypeptone

18mm

16mm

15mm

19mm

15mm

12mm

18mm

15mm

15mm

10mm

16mm

21mm

18mm

19mm

19mm

19mm

18mm

18mm

19mm

18mm

17mm

18mm

* Diameter of clear zone againt Batyritis cinera
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Table 7. Effect of carbon sources on the antifungal activities of B. subtilis GB-0365 and
Bacillus sp. GB-017

Antifungal activities*

Carbon sources

. - Bacillus sp.
Bacillus subtilis GB-0365
GB-017
Glucose 20mm 23mm
Dextran(MW=70,000) 16mm 21mm
Dextran(M W =8,000) 20mm 22mm
Dextran(M W =40,000) 15mm 22mm
Xylose 12mm 21mm
Sucrose 20mm 21mm
Starch 18mm 18mm
Glycerol 20mm 21mm
M olasses 17mm 21mm

* Diameter of clear zone Bctyritis cinera
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Table 2-8. The compositions of the biomass and active metabolite produciton

Concentrations

Ingredients
B. subtilis GB-0365 Bacillus sp. GB-017

Soybean meal 0.8% 0.8%
Starch 1.0% 1.0%
KHZ2PO4 0.3% 0.3
(NH 92804 0.25% 0.25%
MgSO<s 7HZO 0.049% 0.049%
CaClz- 2Hz0 20mM -
MnCI2 - 10-imM
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30 80

19mm

Cazt+
Cazt+

20mM

, 50mM Caz+

DPA

1/2
DPA

, DPA
20

DPA

10 )

60 150
DPA
10mM
10mM Caz+
DPA
)1
10
starch,

- 48 -

11mm
autoclave

. Caz+

2-10
12 14

2-11

50

soybean meal,



Table 2-9. Effect of the concentrations of Caz+ ion on the sporulation of B. subtilis

Concentrations Vegetative % of spore Antifungal
: Spores : L

of Cazt ion cells formation activities))
0 mM 45 x 109 1.0 x 109 22 19
5 mM 5.3 x 109 1.6 x 109 30 19
10 mM 7.2 x 109 3.4 x 109 47 19
20 mM 4.9 x 109 2.7 x 109 55 19
50 mM 2.4 x 109 15 x 109 62 17

1) Diameter of clear zone against Achromabacter aceris IFO3166

Table 2-10. Effect of addtion time of DPAI) on the sporulation of B. subtilis

Feed
. at 6hr at 8hr at 10hr at 12hr  at 14hr  Control
time
pH 6.5 6.8 7.0 71 7.2 -
Vegetative cells | 8.0 x 107 5.0 x 108 8.0 x 108 1.0 x 109 2.0 x 109 -
Sporesz) 1.0 x 106 2.0 x 107 4.0 x 107 2.0 x 108 2.0 x 108 -
pH 7.4 7.4 75 7.6 75 75
Analysis .
¢ 2h Vegetative cells | 2.0 x 109 2.0 x 109 3.0 x 109 3.0 x 109 3.0 x 109 2.0 x 109
a r
Spores 16 x 109 15 x 108 15 x 109 25 x 109 2.5 x 109 9.0 x 108
Fungal Activity?) 11 13 18 18 18 18

1) The concentration of dipicolinic acid added : 50ppm(30u M)
2) Sporulation was induced by heat treatment at 80 for 10min
2 Diameter of clear zone (mm) against Achromchacter aceris IFO3166
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Caz+ 10mM 5(viv)% 30¢
2-11 212
pH
10 DPA ,
, DPA
6 10
4 B. subtilis GB-017
, Bacillus sp. GB-017  autolysis
, Cozt, Cuzt, Nizt
Caz+
2-13
Bacillus sp. GB-017 Cazt+
Caz+
, Mnz+
Mn
( pH , O.D
) 4.2ton
100rpm, 30 , 1lvvm, pH7.0+ 0.5
, DPA D.O

- 50 -

DPA

spore lytic enzyme

activator

, 2-14

10-2mM
, D.O

set-up



Table 2-11. Effect of the concentrations of DPA on the sporulation induction of B.

subtilis

Concentation of % of spore Fungal

Vegetable cells Spores]) . L

DPA fromation activities?)

Oy M 5.2 x 109 2.2 x 109 42 18
1254 M 25 x 109 1.1 x 109 44 18
25y M 1.7 x 109 1.2 x 109 65 18
50u M 15 x 109 1.3 x 109 87 18
100p M 14 x 109 1.1 x 109 78 18

1) Sporulation was induced by heat treatment at 80 for 10min
2) Diameter of clear zone(mm) against Achromabacter aceris IFO3166

Table 2-12. Time course of the B. subtilis on 30L jar fermenter.

Time Ohr 4hr  6hr Shr 10hr 11hr 15hr 20hr 24hr
pHJ) 6.86 6.68 6.74 6.86 7.01 7.09 7.19 7.23
OD€erm 4.7 6.7 71 8.2 8.3 121 15.6 14.2
D.O 391 157 15 0.1 DAP)) 0.4 2.1 25.4 24.6
of
Vegetative cell 9.1x108 gddition 1.2x109 3.8x109 4.2x109 2.0x109
Spores?) 9.0x107 9.5x108 2.0x109 3.4x109 1.2x109
Fungal activity?) 0 12 16 19 19 19 19 19

1) The concentration of dipicolinic acid added : 50y M
2) Sporulation was induced by heat treatment at 80 for 10min
9 Diameter of clear zone(mm) against Achromchacter aceris IFO3166
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Table 2-13. Effect of Cazt+ ion on the sporulation induction of Bacillus sp. GB-017.

Concentration of Vegetative % of spore o
Cazt+ ion cells spores formation Fungal activities*
OmM 2.7x109 4.1x108 15.2 18
ImM 1.9x109 2.5x108 13.2 16
5mM 1.3x109 2.1x108 16.2 12
10mM 2.5x108 1.0x107 4.0 10
20mM 3.0x108 1.0x107 3.3 10
50mM 1.2x108 5.6x106 4.7 10

* Diameter of clear zone(mm) against Achromabacter aceris IFO3166

Table 2-14. Effect of Mnz+ ion on the sporulation induction of Bacillus sp. GB-017.

Concentration ) % of spore Fungal
of MnZ+ ion Vegetative cells Spores formation activities*

OmM 3.1x109 1.2x108 3.9 17
10EmM 2.1x109 6.4x108 30.5 17
10-4mM 2.0x109 1.3x109 65.0 18
10-imM 3.1x108 1.0x108 83.0 19
10-2mM 8.2x108 1.0x107 40.4 19
10-ImM 8.1x107 5.6x107 46.1 19

* Diameter of clear zone(mm) against Achrcmcbacter aceris 1IFO3166
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©) C )

2-15 )
2-15
) , DPA  Cazt
, formulation
(%) «( )
B. subtilis
( C/N ratio 10 121 )

, zeolite
30g Petri dish , 30 autoclave
10¢/ml , 5ml

36 ’ ’
0.1%, MgSO< 7HZO 0.05%
zeolite 10
2-16
B. subtilis
( 2-17).

- 53 -

-

Mnzt

9

30%, KHZzPO



Table 2-15. Formulation of the culture broth.

Ingredients Percent Functions
Cultures 87 Active ingredient
Glycerol 5 Thickner
Sodium chloride 5 Preservative
Potassium propionate 0.3 Preservative
Sodium sorbate 0.2 Preservative
M ethyl-p-benzoate 0.1 Preservative
Tween 80 15 Dispersant
H S04 pH4.5 pH adjustant
Final volume with HZO to 1L

Table 2-16. Stability of the formulated microbial preparations.

Preparation < | Initial/ observed Observed Fungal activities*
Sample
Date P cell numbers date (initial/ observed)
Sporulation
98/ 10/ 31 ] No 9x10¢ 7x107 98/ 12/ 30 18/ 17mm
induction
Heat 1x10¢Y 5x108 98/ 12/ 30 18/ 12mm
DPA + Caz+ 1x10Y 1x109 98/ 12/ 30 18/ 18mm
98/ 01/ 25 Formulation 1  5x10¢ 5x109 99/ 02/ 02 18/ 18mm
5x10¢ 3x109 99/ 03/ 20 18/ 17mm
5x10¢ 8x108 99/ 05/ 07 18/ 16mm

* Diameter of clear zone(mm) against Achromaobacter aceris 1FO3166
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Table 2-17. Comparision of the submerged and solid culture.

Submerged cultures

Solid
Solid cultures -
Basal production Bean-curd refuse preparation
medium medium
Cell
2.5x101¢ g 5.4x10Y ml 4.0x10Y ml 2.4x109

number
Antifungal

. 17mm* 18ml 19mm ND
activityJ)

1) Diameter of clear zone

2 ND : not determined

9 Cultures was diluted with sterilized water into the equal volume of Bean-curd refuse
medium



1)
30 ml  8,000rpm 10
3 acetone
acetone acetone
40%
60% . TLC
, Bacillus subtilis GB-0365
8,000 rpm
, acetone
acetone
2) pH
pH 3.0 - 11.0 4 24
pH 7.0 : pH 9.0
pH 11.0 4 24
85%
60, 80, 100
100
80 1 90%
60 1

3) lon exchange and adsorption column chromatography
2-1
pH 3,7 10
pH pH 3, 7, 10
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SA20AP(OH-), SA20AP(Cl), Amberlite IRA 45(0OH-), WK-10(H4), WK-10(Na), SK1B(H-)

20 ml 1 x 32 cm column pH
3.0, 7.0, 10.0
, 5
acetic acid, NHZOH
HP-20 pH 3.0, 7.0 10.0
100% IPA
18 . SA20AP(OH-) pH 3.0
pH 7.0 pH 10.0
. SA20AP(CI") pH 3.0
pH 70 pH 10.0 . Amberlite IRA 45(0OH-)
, . WK-10(H4) pH 7.0
, pH 10.0
WK-10(Na) pH 7.0, 10.0
SK1B(H+) . HP-20 pH
3.0 100% IPA . , pH 7.0
pH 3.0 pH 10.0
pH 7.0 WK-10(H-)
pH 3.0 HP-20
IPA

4) WAK-10 cation exchange column chromatography
WK-10 H+ form 95%
WK-10 H+
WK-10 5L 11 x 50 cm column

pH 7.0 pH 7.0

AZm 0.05 0.1 M
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Table 2-18. Result of ion-exchange and adsorption column chromatography of the

antibiotics produced by Bacillus subtilis sp. GB-0365

) Activity of Activity of
Resin pH . ) . .
un-binding fraction* elution fraction*
Control +++
3.0 - ++
SA20AP
7.0 ++ -
OH-
10.0 ++ -
3.0 + +
SA20AP
7.0 ++ -
Cl-
10.0 ++ -
3.0 - +
Amberlite IRA45
7.0 - +
OH-
10.0 + -
WK-10 70 it -
H+ 10.0 ++ +
WK-10 7.0 ++ -
Nat+ 10.0 + +
3.0 ++ +
SKIB
7.0 + +
H+
10.0 + +
3.0 - +++
H P20 7.0 - ++
10.0 + +
* - : Inhibition % < 20% + : Inhibition % 20% - 50%

++ : Inhibition % 50%-70% +++ : Inhibition % 70%
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NH<OH

5) HP-20 adsorption column chromatography

HP-20 pH 3.0
5L 5 x 11 cm column WK-10
A
30% IPA

50%IPA
6)

HP-20 column 50% IPA

IPA

n-hexane, chloroform, ethyl acetate, butanol
pH 3.0 ethyl acetate  butanol
3 pH 10

butanol butanol
butanol

ethyl acetate
HP-20 adsorption column chromatography
pH 3.0

emulsion

, NaCl

7) Silica gel column chromatography

Ethyl acetate sodium sulfate

- B9 -

pH

ethyl acetate

HP-20
pH 3.0

30, 50, 100% IPA

50% IPA

rotary evaporator

3.0, 7.0 10.0

pH
pH

. Ethyl acetate

IPA
3



ethyl acetate silica gel column chromatography

Silica gel 400 ml 4 x 30 cm column hexane-ethyl
acetate 7:3,. 37, 0:10
, hexane-ethyl acetate 37

8) Prep-HPLC

Silica gel column chromatography 55%
methanol Prep-HPLC column(Water Delta pak C18, 7.8 x 300 mm) injection

55% methanol retention time 24

( 2-1).
9
Bacillus subtilis GB-0365 TLC
19 . Rf

methylene chloride 0.14, ethyl acetate 0.83, acetone 0.91

. TLC plate hexane : ethyl acetate(4:6)

vanillin-perchloric acid
hydroxyl ketone , anisaldehyde, phenol sulfuric acid
bromophenol blue, bromophenol green
aliphatic carboxylic acid ninhydrin
( 2-20).
methanol, ethanol, ethyl acetate chloroform
, HzO, Hexane
methanol UV scanning . UV spectrum 231,
259 nm mejor peak polyene  lactone
( 2-2). methanol Kl
fast atom bombardment mass spectrum(FAB MS) 441 m/z peak
192, 205, 370 m/z peak
402 ( 2-3).
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Fig. 2-1. HPLC the antibiotics produced by Bacillus subtilis GB-0365
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Table 2-19. Rf values to the antibiotics on the organic solvents

Solvents Rf values
Hexane 0
Cyclohexane 0
M ethylene cholide 0.14
Ethyl ether 0.44
Ethyl acetate 0.83
Butyl alcohol 0.90
Isopropy! alcohol 0.85
Acetone 0.91
Ethyl alcohol 0.75
M ethy! alcohol 0.80
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Table 2-20. Results of visualization method of the antibiotics produced by Bacillus subtilis

GB-0365
Reagents Detected compound Results

Aluminum chloride Flavonoid +
Anisaldehyde Sugar +
Anthrone Ketose and oligosaccharide +
Bromophenol blue Aliphatic carboxylic acid -
Bromophenol green Dicarboxylic acid -
lodine Universal +
Ninhydrin Amino acid and Amines -
Orinol Glycolipid -
Perchloric acid Steroid, Thiophosphate ester +
Phenol sulfuric acid Carbohydrate +
Silver Nitrate-Pyrogallol Carboxylic acid -
Sulfuric acid Universal +
Vallin-Perchloric acid Higher alcohol and ketone +
+ : detected, - not detected
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Fig. 2-2. UV spectrum of the antibiotics produced by Bacillus subtilis GB-0365
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Fig. 2-3. Mass spectrum of the antibiotics produced by Bacillus subtilis GB-0365

- 65 -



400,630

, 1997,

( , 1997).

35,650

76.8%,

, 1972;

, 1998).

79,800

, 1999).
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(Citrus unshiu)

6.8%
15.3%

11 12

( , 1999).



GB-0365, GB-017)

12 2000 8
, 15
1
, 2

3 10
3
(Attago, ) ,
1990; , 1989).

3 mm (No.17) probe

detectors ED 40 INT amperometry

(Bacillus  <p.

1998

(24 )

Abbe
0.IN NaOH
(A.OA.C.

texture analyzer(model TA-XT2,

Bio-LC(Dionex, DX-500, )

. Column  CarbopacTM PA1l

column , 100mM NaOH 0.6 mil/min ,

Injector 05 p |

fructose, glucose, sucrose(Sigma, GR) 20 ppm . CO2
(16 gauge) 1 ml GC(HP

5890) TCD . Column 80 mesh chacaol column

(SUS, 24 mm, length 2.0 mm) Carrier gas He 30 ml/min,

110 (A.O.A.C. 1990).
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1
3-5
( , 1990;
, 1979; , 1986;
( 3-6).
( , 1972).
3-7
, 1987; , 1985;
, 1986; , 1988;
1989; Iwasaki , 1986; , 1972).
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31 (%)

()

10 20 30 40 50 60 70 80 90 100

* llaz 15b 22b 26b 33b 41b 56b 67b 7.4b 85b

61 ) 15a 22a 33a 44a 56a 63a 85a 100a 107a 1l.la

o 0 0 0 07 15¢ 22c 26d 30d 3.7d
(4£1 ) 0 0 0 1lc 15c 22c 33c 48 52 6.3
. 12 8

z DMRT. P=0.05

3-2. (%)

()
10 20 30 40 5 60 70 8 90 100

* 07a 11b 19 22b 26b 30b 37b 48b 59 7.0b

B+x1 ) l1a 19a 30a 37a 48a 56a 6.3a 96a 1l.1a 11.9a

0 0 0 0 0 07c 19c 22c 26d 3.0d

(41 ) 0 0 0 0 04c 1lic 22c 41b 44c 5.6c

* 12 8 z DMRT. P=0.05

3-3. (%)

10 20 30 40 50 60 70 80 90 100

* 20 3.8 67 111 138 142 150 159 169 18.0

8t1 ) 43 56 97 119 133 157 164 178 183 193

14 2.3 3.7 4.0 5.0 5.9 6.7 8.1 99 114

(41 ) 14 22 35 50 60 71 80 90 103 126
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3-4.

(%)

(

)

10 20 30

40 50

60

70

80

90

100

120 139

15.2

1538

16.2

171

191

(81 ) 42 53 88

132 148

16.2

175

184

19.6

21.1.

13 24 3.7

4.1 5.3

6.0

6.9

8.5

9.5

12.0

(41 ) 15 26 43

4.7 5.9

7.2

8.1

9.3

10.6

13.2

(3

19)

()

0 10 20

30 40

50

60

70

80

90

7943 7439 8613

7943 6721 6219

674.8 554.0

821.0 6345

656.6

569.6

649.0

606.9

760.8

601.4

721.6

702.9

604.1

623.2

794.3 8178 7727

7943 750.0 782.8

676.9 749.1

826.4 7319

748.6

858.6

718.0

683.3

595.4

483.3

467.2

505.6

522.8

555.1

1028.3 1036.0 823.7

1028.3 894.5 818.1

804.7 1014.8

911.3 8351

859.9

719.6

761.8

7114

869.3

686.3

696.0

744.8

796.6

699.1

1028.3 1006.4 890.8

1028.3 781.8 889.6

792.0 776.8

905.5 760.4

888.1

719.8

731.1

857.4

684.2

709.1

534.0

722.1

658.5

650.3
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3-6. ( Brix)
()

0 10 20 30 40 50 60 70 80 90
10.9 9.7 9.5 88 103 109 95 105 98 9.7
109 109 105 109 104 112 100 99 92 112
109 104 102 9.9 9.8 102 98 102 95 104
10.9 94 108 102 100 105 100 106 99 102
105 105 9.8 9.6 106 102 96 9.8 9.5 113
105 104 9.9 91 111 106 92 98 94 112
10.5 9.8 9.3 9.9 9.5 99 100 92 9.4 107
105 104 101 101 9.7 102 94 98 102 9.6

3-7. (%)
()

0 10 20 30 40 50 60 70 80 90
081 066 068 060 063 071 056 058 062 056
081 076 066 070 065 060 064 054 055 050
081 063 068 070 064 074 060 053 057 059
081 08 070 072 074 065 056 047 048 044
095 08 075 068 072 075 052 067 064 069
095 077 072 059 086 073 058 068 063 061
095 084 068 069 063 076 062 057 052 051
095 081 060 082 069 067 063 049 046 041
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CO:
L), (b)
2
0.2%
FOMULATION
3-12

3-13

(

(

Cco2
Cco2

@)

3-9, 3-10, 3-11).

UNFOMULATION

3-14

3-15).

co2
( 317).
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(

3-16).

3-8).



3-8, co2 (%)
()

70 80 90
6.93 8.17 1.53
5.65 6.53 1.90
421 3.80 2.88
2.41 3.42 2.41
7.43 7.60 2.24
5.02 6.64 2.22
6.36 6.43 4.48
6.81 431 3.05

39, L
()

70 80 90
53.94 54.41 51.86
53.43 53.62 53.57
52.53 52.48 53.23
52.33 52.77 53.27
52.12 52.91 52.19
51.92 52.60 52.43
51.84 52.74 52.25
53.47 53.54 52.69
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3-10.

()

70 80 90
32.64 34.44 33.36
32.95 33.73 31.85
3351 30.21 3231
31.81 31.61 32.28
34.09 34.74 31.33
33.35 32.84 32.33
32.75 32.88 34.46
33.44 34.19 33.11

3-11. b
()

70 80 90
29.88 30.58 29.00
29.71 29.93 29.60
29.00 28.21 29.17
28.78 28.95 29.21
29.27 29.75 28.37
28.97 29.08 29.09
28.82 29.16 28.99
29.68 29.68 29.11
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3-12.

(%)

()

5 10 15 20
UNFOMULATION 0 1.30b 2.04b 2.78b 6.67b
FOMULATION 0 1.11b 1.67b 2.61b 4.65b
0 8.33a 12.60a 19.20a 30.00a
3-13. (%)
()
5 10 15 20
UNFOMULATION 0 2.08 4.00 5.15 8.48
FOMULATION 0 2.22 412 5.15 8.35
0 3.40 5.42 6.85 10.90
*Unfomulation : 0.2%
3-14. (Bmm /g)
()
5 10 15 20
UNFOMULATION 613.7 616.6 559.7 573.4 727.6
FOMULATION 613.7 552.2 568.8 469.9 451.2
613.7 633.5 623.9 568.7 587.6
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3-15. (° Bx)

()

5 10 15 20
UNFOMULATION 94 9.0 94 8.7 8.5
FOMULATION 94 10.8 9.2 9.6 9.0
94 8.6 8.7 10.0 9.2
3-16. (%)
()
5 10 15 20
UNFOMULATION 0.65 0.57 0.57 0.53 0.58
FOMULATION 0.65 0.55 0.53 0.59 0.55
0.65 0.62 0.60 0.64 0.55
3-17. internal CO2 (%)
()
5 10 15
UNFOMULATION 0.96 1.55 1.74 1.60
FOMULATION 0.96 2.27 1.58 1.74
0.96 1.28 2.64 1.70
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10 11
1
10,000M/T ( , 1997;
© 1998).
; 1998). 1999 8,000M /T
18.5%
1 (
1999).
31
20 2
3-18
20
( 3-19).
( 3-20).
1
3-21).
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The rate of fruit decay (%

12

——1/20 dilution = 1/40 dilution
- 1/60 dilution - Cont,
8
4
D 1 1 1
10 20 30 40
Days
3-1.
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3-18. (%)
()
10 20 30 40
20 3.68 7.65 10.88 13.55
40 3.16 7.75 10.85 13.79
60 3.61 7.36 10.48 13.80
4.23 8.19 10.99 14.74
1999. 11. 4
3-19. 3mm/g)
()

10 20 30 40
20 607.1 657.7 575.6 584.3 627.8
40 607.1 621.4 707.6 604.9 574.7
60 607.1 611.1 601.4 587.6 495.6
607.1 577.6 552.1 557.4 569.8
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3-20. (Bx)
()
10 20 30 40
20 9.34 9.0 9.7 10.0 9.7
40 9.34 95 10.1 10.0 95
60 9.34 9.1 9.4 95 95
9.34 9.2 0.8 10.0 10.0
(11.4)
3-21. (%)
()
10 20 30 40
20 1.08 0.99 0.93 0.89 0.83
40 1.08 1.03 0.95 0.87 0.94
60 1.08 1.00 0.94 0.84 0.86
1.08 1.03 0.98 0.94 0.91
(11.4)
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1999 638.7 MI/T 600.0
M/T ( , 1999).
3-2
20 80 9.3%
13.3%
20
3-22 20
( 3-23).
( , 1990; ,
1987; , 1985; , 1979; , 1989;
, 1986; , 1988; , 1980 Fishman , 1989;
lwasaki , 1986; , 1972).
( 3-24).

(Kader, 1992; )
1980). 3-25 20 80
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The rate of fruit decay (%

16

—— 1/20 dlution
—=— 1/&0 diution

- /40 dilution
- Cont,

3-2.

Days
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3-22. (%)
()
10 20 30 40 50 60 70 80
20 130 246 316 420 548  7.07 8.13 9.13
40 146 272 383 537 697 83l 961 1087
60 150 278 371 539 673  7.96 915 1035
124 271 369 510 648  7.87 911 1045
3-23. ( 3mmig)
()
10 20 30 40 50 60 70 80
20 9402 12643 9029 6388 9330 7898 717.1 8416 6188
40 9402 13603 8056 7815 7991 7130 6681 6112 564.1
60 9402 10933 7747 7689 8107 5621 5288 580.0 546.0
940.2 12114 7036 6401 6931 6421 7146 7434 8024

* %

(12.17)
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3-24. (cBX)
()
10 20 30 40 50 60 70 80
20 953 108 124 108 108 108 99 108 106
40 953 92 104 101 103 103 107 111 104
60 953 93 113 106 103 113 111 111 106
953 99 104 97 100 97 106 103 104
* (12.17)
3-25. (%)
()
10 20 30 40 50 60 70 80
20 124 126 132 109 098 094 09 095 0091
40 124 117 111 098 101 090 093 093 088
60 124 119 119 108 098 09 087 090 0.86
124 132 117 113 105 104 097 090 086
* (12.17)
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, 1999).

( 3-26).
3-27
1990; , 1987;
, 1989; , 1986;
Fishman , 1989; Iwasaki , 1986;
( 3-28).
( 3-29).
CcOo2

, 1985;
, 1988;
, 1972).

( 3-30).
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== 1/20 dilubion ~B= 1 40 ddution
—— 1 /60 dilution - Conl

The rate of fruit decay (%)
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Days
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3-26. (%)
()
5 10 15
20 0 1.7 33 47
40 0 1.1 3.1 4.4
60 0 1.7 34 4.8
0 1.8 35 48
20 0 1.0 1.3 1.6
40 0 1.0 1.5 1.9
60 0 0.9 1.1 1.3
0 1.1 1.3 1.6
3-27. 3 /9
()
5 10 15
20 819.3 629.9 509.7 491.5
40 819.3 556.4 480.6 503.6
60 819.3 574.3 521.5 512.3
819.3 653.4 658.6 693.9
20 819.3 673.3 561.9 568.4
40 819.3 562.3 653.4 545.9
60 819.3 627.3 573.8 647.4
819.3 747.0 735.3 647.9
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3-28. (cBx)
()

5 10 15

20 9.1 9.0 96 10.0
40 9.1 102 9.4 9.4
60 9.1 9.8 9.8 9.1
9.1 95 9.1 9.4

20 9.1 95 9.9 104
40 9.1 9.3 10.7 10.4
60 9.1 9.9 9.2 11.2
9.1 8.9 7.8 9.4

3-29. (%)
()

5 10 15

20 0.74 0.76 0.78 0.73
40 0.74 0.72 0.70 0.78
60 0.74 0.74 0.93 1.07
0.74 0.71 0.78 0.80

20 0.74 0.75 0.86 0.81
40 0.74 0.75 0.68 0.73
60 0.74 0.83 0.85 0.85
0.74 0.66 0.74 0.71
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3-30. co2 (%)
()
5 10 15
20 1.54 117 1.42 1.33
40 1.54 135 1.43 1.85
60 1.54 1.97 1.21 153
1.54 135 1.33 1.27
20 1.54 0.43 0.54 0.67
40 1.54 0.56 0.85 0.48
60 1.54 0.82 1.09 0.77
1.54 1.20 1.35 111
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1) , 2)
L 3)
3
D
1)
GB-017 GB-0365, GB-017 + GB-0365 Penicillium
sp., Fusarium sp., Alterhenza sp.
, 6.3% 106 spores/ml 6.3x 104 spores/ml
2) GB-0365
1/2 , GB-017 1/10 , GB-0365+GB-017  1/2
3) 10
105 (3 )
, 85
4) GB-0365
(68.2%) 50 (17%), (32.2%)
5)
, 1/20, 1/40, 1/60
1/20 90
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10.2% )

2
1) GB-0365 ,
Bacillus subtilis , Bacillus subtilis GB-0365
GB-017
) , . Bacillus sp.
, Bacillus sp. GB-017
2) Bacillus subtilis GB-0365
, (Botrytis cineria)
(Fusarium sp.), (Pythium
sp.), (R. solani MAFF 511103), (R

solani MAFF 305245) . ,

, GB-017 ,
(Pythium sp.)
(Botrytis cineria),
(Fusarium sp.), (R. solani MAFF 511103),
(R. solani MAFF 305245)

3)
soybeam meal starch
pH
material balance
4) B. subtilis GB-0365 (Caz)
dipicolinic acid(DPA) , 10mM
Caz+ , DPA
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5) Bacillus sp. GB-017  autolysis

6) B. subtilis

7)

8)

©)
1)

2)

3) ,

4)

30 ml 8,000rpm 10

pH

20
(Bacillus sp. GB-0365, GB-017)
20
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