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Summary

1. Title

Development of Food Safety, Preservation and Processing Techniques for the
High Quality Maintenance of Com

Il1. Objectives and Significance of Research

Generally, harvest period of com has been limited and the quality declined
and tissues hardened because carbohydrates changed to starch by respiration
actions after passing harvest periods. To solve this problems, freezing method
for long-term preservation of com has been used, but storage costs are very
expensive. Thus, new technology, effective preservation techniques which can
increase shelf life of com at low or room temperature storage, are very
necessary. Recently, non-heat treatments, such as gamma irradiation or ionizing
energy have become more wildly used for the establishment of food safety. Also,
canned sweet com or deried com of animal feeding has been exclusively
imported and resulted in massive economic loss. Thus, It is very necessary to
develop processing cormn foods with high quality by developing new processing
techniques for domestic coms. In the mearmhile, the consumption of com has
been increased in recent years. Problems in quality control, especially fungal
infections, however, at harvest and during the storage periods make the crop
less attractive in economic aspects for farmers, and cause health threats to
consumers due to mycotoxins. Also, there are not effective measures to control
and to prevent fungal infections on com kermels. Fungi such as F. moniliforme,
F. subglutinans, and/or F. graminearum cause kermel or ear rots at harvest and

storages. Therefore, development of control measures or rapid detection methods
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for the Fusarium speices infected in com would make the com production more
cost effective and time saving for fammers. Consumers can also be protected
fron the toxins produced by the Fusarium species through elimination of
infected kermels using rapid and easy detection methods at harvest or during
storage. The main objective of this research was to develope preservation
technique which can enhance shelf-life of sticky com with high quality at room
or low temperature and to develop a pre-treatment and processing techniques
which can enhance the quality of domestic com and increase physico-chemical
properties for processing of domestic com, and also, to develop rapid and easy
detection methods for the control of the fungal diseases by using molecular
detection methods.

11l1. Scope and Contents of Research

The main objective of this research was to develope preservation techniques
for shelf-life extension of corm with high quality at room or low temperature
as altemative freezing method and to develop a pre-treatment and processing
techniques which can enhance the quality of domestic com and increase
physico-chemical properties for processing of domestic com, and also, to
develop rapid and easy detection marker of the fungal diseases by using

molecular detection methods. Also, the contents are as follows;

A. Contents and Scope
1. Development of preservation technique for shelf-life extension of sticky
com
1) Immoblization of Carbohydrate Dipping Solution into Com with Alginate
Gel
o Determination of dipping solution using different carbohydrates

o Measurement of water activity by drying time
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o Optimal condition for immoblization of carbohydrate dipping solution
with alginate gel

o Optimal condition of the immoblized system combined with vaccum
packaging

o Changes in physico-chemical and microbiological properties during

storage

2) Quality characteristics of sticky corn by gamma irradiation and
microwave treatment during storage

o Water activity of sticky com after gamma irradiation and microwave
treatment

o Changes in physico-chemical and microbiological properties of carbohydra
te dipping coms by gamma irradiation and microwave treatment

o Changes in physico-chemical and microbiological properties of vacuum pac

kaged coms corbined with gamma irradiation and microwave treatment

2. Development of Molecular Detection Methods for the Major Fungal Cormn
Disease
1) Isolation and identification, and marker development of the target
pathogenic mold during the storage
o Sampling
o Incidence of the Fusarium moniliform from storage coms

o Development of marker by using RAPD and RFALP

2) Isolation and identification, and marker development of the target
pathogenic mold during the storage
o Development of marker by using AFLP and CHEH
o Application of marker on detection of Fusarium moniliform during storage

coms
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3. Development of pre-treatment and processing characteristics for domestic

com

1) Development of microwave pre-treatment processing method for domestic

com.

o Water activity by pre-treatment time and quality characteristics after

pre-treatment

o Effect of microwave after pre-treatment combined with vacuum and

micronvave
o Effect of microvave after pretreatment corbined with hot drying and
microvave

o Optimization of pre-treatment microwave combined with vacuum and hot

drying
o Effect of microwave after pretreatment with pulse microwave

2) Physico-chemical properties of processed domestic corn after microwave
pre-treatment processing
o  Physico-chemical Characteristics of com after pre-treatment of

micronvave
o Processing characteristics of com after pre-treatment of microwave

o Processing characteristics of com after pre-treatment combined with

vacuum, hot drying and microwave
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1V. Conclusions and Recommendation

1. Development of Preservation Technique for Shelf-Life

Extension of Sticky Corn

1) Immoblization of Carbohydrate Dipping Solution into Corn with
Alginate Gel

Sensory evaluation on the carbohydrates(sugar, fructose, sorbitol, glucose
and stevioside) dipped cormms for 30 min was determined. The results showed that
steviside and sugar dipped com had the highest sweetness and tastes and
optimal dipping time for 15% sugar and 0.5% stevioside solution was 30 min and
15 min, respectively. Honever, little difference on the changes in the water
contents and water activity based on added concentrations of carbohydrates was
observed. Also, optimal condition of immoblization of carbohydrates dipping
solutions and alginate gel showed that 0.5% stevioside and 0.7% alginated
treated sticky coms obtained the highest sensory evaluation score and the
addition of alginate gel did not affect sensory evaluation. The alginate gel
could not penetrate into the kermel of cooked com because the surface of
cooked com covered with wax coating. Thus, carbohydrate dipped coms
immoblized with alginate gel shoned negative effects on sensory evaluation
including chewing and tastes due to sticky surface. On the other contrary, when
the cooked or carbohydrates dipped coms with vacuum packaging was
appropriately dried with far-infrared dryer after cooking of com, shelf-life
of the coms was significantly enhanced during storage at room or low

temperature
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2) Quality Characteristics of Sticky Corn by Gamma Irradiation and

Microwave Treatment During Storage

Effect of gamma irradiation and micronave on the microbiological and
physicochemical characteristics of carbohydrates dipped coms iIn other to
develop preservation techniques to enhance shelf-life during storage at room or
low temperature was determined. The initial total counts and yeast and mold of
heated com(control) before irradiation was 2.1x103, 1.9x103 CRJ/g,
respectively. However, at 3kGy treatment, total counts was conpletely
inactivated and yeast and mold was only 34 CRJU/g. Also, when the corm was
stored at 25cC for 7 month, the growth of total counts, yeast and mold was
rapidly increased up to 7.1x106 CFU/g and 1.9x107 CFU/g, respectively. However,
total counts at 3kGy and yeast and mold at 5kGy were completely inactivated,
respectively. Similar results was observed at 15& and 4¢C storage. On the other
hand gamma irradiation of sugar and stevioside dipped coms showed
significantly enhanced antimicrobial effect compared to heated com. Effect of
gamma irradiation on the water contents and water activity of heated or
carbohydrate dipped coms was determined. the water contents and water activity
of the each com was consistent up to 2 month irrespective of doses of gamma
irradiation and water content decreased as storage periods increased. In the
meantime, effect of gamma irradiation on the physicochemical characteristics of
the coms was determined. Gamma irradiation treatments did not show any
different color change compared to control, but hardness of the com was more
decreased and sugar contents in the gamma irradiation treatment was less free
than non treated samples. Sensory evaluation results showed that sugar or
stevioside dipped coms during storage at 25cC and 4dC had much better sensory
score than heated coms(control) and gamma irradiation treatments showed
significantly enhanced sensory scores compared to non irradiated samples.

However, microwave treatment showed significantly decreased antimicrobial
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effects compared with gama irradiation and there was little different
physicochemical characteristics between micronave treated samples and non

treated samples.

2. Development of Detection Techniques against Harmful Molds

by Molecular Technology

In RAPD analysis, Fusarium moniliforme isolates from com kermels divided
into four major groups at 70% level, and each mating type tester strains were
grouped at 80% level. All the F. moniliforme isolates collected from kermels of
com in Korea grouped at 90% level. Also, mating type tester strains and F.
moniliforme isolates fron com kermels were differentiated. In PCR-RAP
analysis, restriction enzymes (Hha , Hae , Msp , Kon , EcoR , and Hind )
digestion in ITS and ITSII regions produced polymorphisms among the isolates
tested. Most of the mating types showed high similarities, and C+ and C-, E+
and E-, and H+ and F- shoved lower similarities. PCR-RALP of rDNA showed
limitations for genetic relationship analyses, and showed less polymorphisms.
In AFLP, we selected six specifically amplified marker for the six different
mating types in F. moniliforme, and isolated one comon band specifically
amplified for all the Fusarium species tested. In the AFLP analysis, different
mating types of F. moniliforme showed similarities of 0.98-0.85 compared with

other Fusarium species.

3. Development of pre-treatment and Processing

Characteristics for Domestic Corn

Dielectric constant(e ") and penetration depth(dp of corn was increased as

water content of comn increased while loss factor(e "") has a constant value.
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Microwave vacuum treatment had no difference in color values and microwave with
hot air treatment had the highest hardness. Maximum viscosity of corn flour was
decreased as power of micronvave increased. Continuous micronvave treatment had
the higher maximum viscosity than holding microvave treatment. Corn soup
subjected to pre-treatment with microvave had no difference compared with
control in soluble content, pH, viscosity and color values while higher sensory
evaluation score iIn overall acceptability. Therefore, Corn soup subjected to

pre-treatment with micronave was the most desirable one.
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13.
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15 alginate gel coating paper towel
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Table 1. 1
(%) ) ()
5 25 2.83
10 45 4.6
sugar 15 4.83 5.33
20 45 5.0
10 3.83 433
sorbitol 15 > 483
20 5.83 6.5
25 5.67 55
10 4.0 3.83
glucose 15 4.17 4.17
20 4.83 4.67
25 4.67 4.83
5 3.0 3.17
10 4.67 4.83
fructose 15 6.33 7.0
20 6.0 6.5
25 6.0 6.17
0.1 3.0 3.83
0.3 4.33 4.67
stevioside 0.5 5.83 6.17
0.7 7.0 5.83
1.0 6.17 55
1) . 60 30
2) (9 , 5 , 1
) 6
Table 2
Table 1
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15%

30

0.5% 30 60
30 , 15
15% 0.5%
Table 2.
() ¢ ) ()
0 35 45
15 5.0 45
15% 30 6.25 5.0
60 4.75 5.0
90 4.25 55
0 35 3.0
15 5.0 5.25
0:5% 30 5.0 5.0
60 4.75 4.25
20 45 45
Table 3
69.3% 5- 15% 64%,
20% 62.07% 25% 63%, 25%
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60.8%

1%

61%
T able 3.
(%) (%)
control 0 69.31
5 64.08
10 64.73
sugar
15 64.67
20 62.07
10 69.8
15 69.64
sorbitol
20 64.06
25 63.03
10 66.8
15 66.47
glucose
20 65.98
25 60.75
5 68.11
10 64.01
fructose 15 57.95
20 57.29
25 58.22
0.1 68.52
0.3 67.85
stevioside 0.5 66.59
0.7 65.69
1.0 60.99
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alginate gel

15%

1% alginate

0.5% 0.7% alginate
(Table 4).
alginate gel alginate
alginate gel
Table 4. Alginate gel
(%) C ) ()
0 2.75 3.0
0.3 3.0 3.25
0.5 3.5 4.0
15%
0.7 3.5 4.5
1.0 4.25 35
12 4.25 45
0 4.5 4.25
0.3 5.0 5.25
0.5% 05 55 5.76
0.7 5.75 5.75
1.0 55 5.55
12 5.0 5.25
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Table 5

(Fig. 1) 58.45% 12 19.43%
, 12 9.76%, 15%
6.82%, 0.5% 6.95%
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Table 5.

(Hour) (Min) (Aw)
0 50- 70 0.995
6 80- 90 0.991
) 9 60- 85 0.971
12 55- 80 0.817
0 70- 90 1.000
6 60- 90 1.000
2 9 50- 70 0.892
12 50- 60 0.609
6 70- 90 1.000
6 50- 80 0.991
I 9 55- 90 0.932
12 40- 60 0.613
0 70- 90 1.000
6 60- 80 1.000
9 60- 70 0.984
12 60- 70 0.758
) 60
2 100 30 - 60
3 100 30 - 15% 30 - 60
4 100 30 - 0.5% 30 - 60
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T able 6.

(hour) L a b
0 0.12 0.01 041
3 0.91 0.05 0.17
6 0.95 0.11 0.26
9 2.04 0.61 0.44
12 2.98 0.67 0.31
0 0.75 0.16 0.35
3 1.95 0.38 0.83
6 2.03 0.20 0.77
9 2.37 0.65 0.95
12 1.32 0.02 0.70
0 0.75 0.16 0.35
3 0.64 0.29 0.24
6 0.88 0.25 0.50
9 1.20 0.82 0.38
12 0.22 0.12 0.40
0 0.75 0.16 0.35
3 0.71 0.08 0.28
6 0.91 0.29 0.42
9 1.01 0.10 0.62
12 0.36 0.27 0.64
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alginate

Table 7.
Alginate 0.5% 15%
(Month) (%) 4 20 35 4 20 35
0.7 0 0 50x103 0 0 94x 103
1 1.0 0 0  85x103 O 0  33x 103
12 0 0  68<103 0 0  7.5x 103
0.7 0 0 TNTC 0 0 TNTC
2 10 0 0 TNTC 0 0 TNTC
12 0 0 TNTC 0 0 TNTC
0.7 0  34x102 TNTC 0  39x102 TNTC
3 10 0  11x102 TNTC 0  43x103 TNTC
12 0  56x102 TNTC 0  59x103 TNTC
2)
121 20 4 20
Table 8 9 . 1 4
0.5% 15%
20 4
50 5.25
1 525 6.25
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20

4 20
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Table 8. 4

Alginate
(Month) (%)
0.7 5.25 6.0 5.0
1 1.0 55 5.75 5.0
12 5.0 5.25 525
0.5% 0.7 50 5.25 5.0
2 1.0 5.0 45 4.75
12 4.0 4.25 4.0
0.7 4.25 45 4.0
3 10 4.0 35 35
12 45 35 3.0
0.7 55 5.75 525
1 1.0 7.0 6.25 5.0
12 45 5.25 5.0
0.7 4.0 4.0 5.0
15% 2 10 50 55 5.75
12 35 35 35
0.7 35 35 4.0
3 10 4.0 35 35
12 35 3.0 35
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Table 9. 20

Alginate
(Month) (%)
0.7 4.25 35 4.25
1 1.0 35 4.25 475
12 45 4.25 4.25
0.5% 0.7 3.75 35 3.75
2 1.0 2.25 3.25 3.75
12 3.0 35 3.25
0.7 25 3.0 3.0
3 10 15 3.0 3.0
12 15 35 3.0
0.7 3.75 45 45
1 1.0 45 45 5.0
12 3.75 4.0 50
0.7 3.75 2.75 2.75
15% 2 1.0 45 3.25 45
12 35 4.25 35
0.7 3.0 3.0 3.0
3 10 3.0 10 3.0
12 25 25 25
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1)
15% 0.5%
6 9 4 7
Table 1
2.1x102 CFU/g 6 9
3 6
7.8x103 CFU/g . 5
7
2 log
3 log
1
3 7
2 log
, 25
Table 2 .1
3.5- 8.8x102
CFU/g .5
3log
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Table 1. 4 60
6h 9h

(Month) 1 & &
Control) 2.1x 102 3.5x 102 2.1x 102 3.5x 102

0 N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D.
Control 3.5x 102 5.5x 102 3.5x 102 55x 102

1 N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D.
Control 7.8x 103 1.2x 104 7.8x 103 1.2x 104
3 N. D. 4.2x 103 N. D. 5.3x 103
N. D. 3.7x 103 N. D. 1.5x 103
N. D. 3.4x 103 N. D. 1.9x 103
Control 4.6x 104 1.7x 105 4.6x 104 1.7x 105
5 5.0x 103 4.3x 103 5.7x 103 9.1x 104
3.9x 102 1.3x 103 2.4x 102 7.4x 104
4.32x 102 5.1x 104 4.0x 102 2.5x 103
Control 4.6x 106 4.4%x 106 4.6x 106 4.4%x 106
7 5.0x 104 3.24x 104 9.4x 104 9.1x 105
7.45x 103 4.25x 104 475% 104 6.5x 105
8.6x 103 2.4x 104 5.26x 103 8.7x 104

D) Control : 100 30 30 -
: 100 30 30 -
: 100 30 15% 30
: 100 30 05 % 30
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Table 2. 25 60
6h

(Month) 1 & &
Control 2.1x 102 3.5x 102 2.1x 102 3.5x 102

0 N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D.
Control 3.5x 102 8.5x 102 3.5x 102 45x%x 102

1 N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D.

N. D. N. D. N. D. N. D.
Control 3.5x 103 2.8x 105 3.5x 103 2.8x 105
3 4.3x 102 3.0x 103 2.5x 102 6.0x 103
3.1x 102 3.4x 103 4.3%x 103 6.0x 103
5.2x 102 7.42x 103 3.0x 103 7.34x 103
Control 4.2x 104 7.5% 106 4.2x 104 7.5% 106
5 4.6x 103 2.0x 104 55x 103 5.4x 105
2.43x 103 2.85x 104 3.0x 103 2.45x% 103
5.2x 102 8.92x 103 4.53x 103 5.34x 104
Control 7.1x 106 1.9x 107 7.1x 106 1.9x 107
7 5.35x 103 5.0x 104 3.25x 104 4.2%x 104
6.75x 104 45x%x 104 4.5%x 103 3.6x 104
3.42x 103 8.4x 104 2.74x 104 5.1x 104

D) Control : 100 30 30 N
100 30 30 -
100 30 15% 30
: 100 30 0.5% 30
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(Degree of gelatinization)

15% 0.5%
6 9
100
Fig.5 6
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(Fig. 6).
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7
T ablel
2.1x103 CFU/g 1kGy
1.7x102 CFU/g 3kGy . 25 7
7.1x106 CFU/g 1kGy
7.8x104 CFU/g 3kGy 7
15 4
1.9x103 CFU/g
1kGy 2.2x102 CFU/g 3kGy 34 CFU/g
. 25C 7 1.9x107 CFU/g
1kGy 8.4x105 CFU/g 3kGy
7.0x103 CFU/g
. 15 7
4 3kGy
. Table 2
7
2.1x103 CFU/g
1kGy 5.6x102 CFU/g 3kGy
. 25aC 7 5.5x105 CFU/g
1kGy 7.7x104 CFU/g 3kGy
7 15 4
1.7x103 CFU/g 1kGy 3.8x102 CFU/g
3kGy . 25aC 7
5.6x106 CFU/g 1kGy 1.4x106 CFU/g
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Table 1.

() 25 15 4
(Month) (kGy) PcA PDA PCA PDA PCA PDA
0 21x 103 19x 103 21x 103 1.9x 103 21x 103 1.9x 103
1 1.7x 102 22x 102 1.7x 102 2.2x 102 1.7x 102 2.2x 102
0 3 N.D  34x 10 N.D 34x10 ND  34x10
5 N.D N.D N.D N.D N.D N.D
10 N.D N.D N.D N.D N.D N.D
0 75x 103 65x 103 7.4x 103 25x 104 15x 103 4.5x 103
1 1.1x 103 53x 102 44x 102 95x 102 2.0x 102 7.6x 103
1 3 N.D  55x 10 N.D 1710 N.D N.D
5 N.D N.D N.D N.D N.D N.D
10 N.D N.D N.D N.D N.D N.D
0 15x 104 7.8x 106 3.8x 104 1.6x 105 4.8x 104 9.2x 104
1 8.6x 102 6.7x 104 7.8x 102 3.3x 103 57x 102 8.8x 104
3 3 N.D  11x103 15x10 39x 102 N.D N.D
5 N.D N.D N.D N.D N.D N.D
10 N.D N.D N.D N.D N.D N.D
0 42% 104 75x 106 2.6x 105 84x 105 4.6x 104 1.7x 105
1 9.2x 103 4.3x 105 3.4x 103 59x 105 1.7x 103 3.2x 105
5 3 N.D  45x103 ND 27x 103 N.D N.D
5 N.D N.D N.D N.D N.D N.D
10 N.D N.D N.D N.D N.D N.D
0 7.1x 106 1.9x 107 2.1x 106 35x 106 4.6x 106 4.4x 106
1 7.8x 104 84x 105 6.8x 104 1.2x 106 8.7x 103 7.6x 105
7 3 N.D  70x103 13x10 29x 103 N.D N.D
5 N.D N.D N.D N.D N.D N.D
10 N.D N.D N.D N.D N.D N.D
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Table 2.

() 25 15 4
(Month) (kGy) PcA PDA PCA PDA PCA PDA
0 2.1x 103 1.7x 103 21x 103 1.7x 103 2.1x 103 1.7x 103
1 5.6x 102 3.8x 102 5.6x 102 3.8x 102 56x 102 3.8x 102
0 3 N.D N.D N.D N.D N.D N.D
5 N.D N.D N.D N.D N.D N.D
10 N.D N.D N.D N.D N.D N.D
0 8.4x 103 2.5x 103 6.6x 103 25x 104 1.5x 103 7.9x 103
1 3.1x 102 2.8x 102 4.3x 102 7.6x 102 1.8x 102 7.6x 103
1 3 N.D N.D N.D N.D N.D N.D
5 N.D N.D N.D N.D N.D N.D
10 N.D N.D N.D N.D N.D N.D
0 1.9x 104 56x 105 3.7x 104 5.8x 105 4.8x 103 8.7x 104
1 5.1x 102 9.7x 103 7.7x 102 4.3x 103 6.2x 102 9.8x 104
3 3 N.D N.D N.D N.D N.D N.D
5 N.D N.D N.D N.D N.D N.D
10 N.D N.D N.D N.D N.D N.D
0 2.3x 104 7.5x 105 2.6x 105 8.4x 105 4.6x 104 1.7x 105
1 3.7x 103 2.7x 105 3.8x 103 5.6x 105 1.1x 103 1.3x 105
5 3 N.D N.D N.D N.D N.D N.D
5 N.D N.D N.D N.D N.D N.D
10 N.D N.D N.D N.D N.D N.D
0 5.5x 105 5.6x 106 3.6x 106 9.9x 105 4.9x 106 7.7x 105
1 7.7x 104 1.4x 106 2.8x 104 9.0x 105 53x 103 7.7x 105
7 3 ND 21x10 N.D N.D N.D N.D
5 N.D N.D N.D N.D N.D N.D
10 N.D N.D N.D N.D N.D N.D
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Table 3.

() 25 15 4
(Month) (kGy)  PcA PDA PCA PDA PCA PDA
0 3.3x 103 46x 103 3.3x 103 4.6x 103 3.3x 103 4.6x 103
1 ND 39x102 N.D 39x 102 N.D  3.9x 102
0 3 N.D N.D N.D N.D N.D N.D
5 N.D N.D N.D N.D N.D N.D
10 N.D N.D N.D N.D N.D N.D
0 55x 103 6.8x 103 6.9x 103 4.0x 104 23x 103 5.6x 103
1 1.1x 102 23x 102 3.6x 102 6.7x 102 15x 102 9.5x 103
1 3 N.D N.D N.D N.D N.D N.D
5 N.D N.D N.D N.D N.D N.D
10 N.D N.D N.D N.D N.D N.D
0 18x 104 42x 105 19x 104 2.8x 105 4.2x 104 4.7x 105
1 59x 102 7.3x 104 8.6x 102 4.9x 103 53x 102 7.6x 104
3 3 N.D N.D N.D N.D N.D N.D
5 N.D N.D N.D N.D N.D N.D
10 N.D N.D N.D N.D N.D N.D
0 44%x 104 83x 106 3.2x 105 6.4x 104 4.1x 104 2.3x 105
1 48x 103 39x 105 54x 103 5.6x 105 1.4x 103 5.1x 105
5 3 N.D N.D N.D N.D N.D N.D
5 N.D N.D N.D N.D N.D N.D
10 N.D N.D N.D N.D N.D N.D
0 5.6x 105 4.8x 107 1.6x 106 9.8x 105 22x 106 7.4x 105
1 35x 104 8.4x 106 7.1x 104 1.0x 106 83x 103 7.5x 105
7 3 N.D N.D N.D N.D 33x 10 1.0x 10
5 N.D N.D N.D N.D N.D N.D
10 N.D N.D N.D N.D N.D N.D
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Table 4.

() 4 25
(month) PCA PDA PCA PDA
8.12x 102  843x 103  8.12x 102  8.43x 103
9.04x 102  259x 103  9.04x 102  2.59x 103
342x 103  869x 103  3.42x 103  8.69x 103
’ 9.67x 102  3.17x 104  9.67x 102  3.17x 104
6.78x 102  7.26x 103  6.78x 102  7.26x 103
1.12x 103  7.31x 103  1.12x 103  7.31x 103
8.15x 102  9.24x 103  1.26x 104  1.92x 105
1.24x 103  3.17x 103  9.08x 103  8.56x 104
458x 103  9.77x 103  4.56x 104  2.33x 105
' 2.15x 103  458x 104  3.35x 104  9.55x 104
8.86x 102  585x 103  451x 103  6.58x 104
9.50x 102  7.21x 103  3.45x 103  2.59x 104
8.40x 102  1.09x 104  9.78x 104  4.56x 106
1.31x 103  4.34x 103  509x 104  1.07x 106
459x 103  9.72x 103 1.29x 105  9.78x 105
’ 1.17x 103  5.25x 104  9.36x 104  2.77x 106
9.88x 102  536x 103  225x 104  2.67x 105
1.03x 103  2.44x 104  1.07x 104  1.39x 105
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Table 5.

() 4 25
(month) PCA PDA PCA PDA
90.75% 102  4.45x 103  9.75x 102  4.45x 103
143x 103 507x 103  143x 103  507x 103
206 103  211x 103 296 103  2.11x 103
’ 288x 103  101x 104  2.88x 103  1.01x 104
575x 102 441x 103  575x 102 4.41x 103
533x 102  516x 103  533x 102  5.16x 103
0.78x 102  443x 103  887x 103  6.78x 104
215x 103  466x 103  555x 104  4.91x 104
232x 103 224x 103  7.96x 103  3.64x 104
' 366x 103  9.15x 103  7.13x 103  8.56x 104
6.13x 102  490x 103  2.79x 103  2.64x 104
475x 102 3.80x 103  6.54x 103  3.20x 104
895x 102  430x 103  2.10x 104  859x 105
176x 103  575x 103  3.18x 105 568 105
245x 103 261x 103  4.14x 104  184x 105
’ 717x 103 167x 104  450x 104  7.22x 105
844x 102  6.67x 103  257x 104  1.72x 105
762x 102 850x 103  2.64x 104  4.46x 105
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Table 6.

() 4 25
(month) PCA PDA PCA PDA
363x 103 2.98x 103  3.63x 103  298x 103
550x 102 3.14x 103  550x 102  3.14x 103
191x 103  571x 103 191x 103  5.71x 103
° 141x 103 6.32x 103  141x 103  6.32x 103
100x 103 398x 103  109x 103  3.98x 103
942x 102  2.48x 103  9.42x 102  2.48x 103
317x 103 328x 103  2.15x 104  2.40x 104
105x 103  3.35x 103 857x 103  3.62x 104
194x 103 552 103  822x 103  4.72x 104
' 165x 103 6.42x 103  6.45x 103  4.71x 104
593x 103  4.06x 103 2.14x 104 518x 104
459x 103 353x 103 107x 104  4.67x 104
299x 103  301x 103 129x 105 4.47x 105
210x 103 2.80x 103  7.71x 104  3.10x 105
155x 103  6.33x 103 392x 104  2.50x 105
i 200x 103  5.89x 103  4.26x 104  3.15x 105
5091x 103  4.85x 103  852x 104  3.90x 105
6.02x 103  3.83x 103  195x 105  7.82x 105
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Figure 2.
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Table 4. 25

(Month) (kGy)

0 6.8 6.8 7.0

1 6.5 7.0 7.2

0 3 6.5 7.2 7.0
5 6.5 6.5 75

10 6.0 7.0 7.0

0 5.0 6.5 6.5

1 55 6.7 6.5

1 3 5.0 7.0 6.8
5 5.0 7.5 7.0

10 6.0 7.0 75

0 35 55 5.8

1 45 55 5.0

3 3 4.0 5.0 55
5 4.0 5.0 55

10 45 55 5.8

0 3.3 4.0 4.3

1 3.3 4.0 4.0

5 3 35 45 45
5 4.0 4.0 4.8

10 45 4.5 4.7

1) (9 ) , 1 6
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Table 5. 15

(Month) (kGy)

0 6.8 6.8 7.0

1 6.5 7.0 7.2

0 3 6.5 7.2 7.0
5 6.5 6.5 75

10 6.0 7.0 7.0

0 5.0 6.0 7.0

1 55 6.5 7.2

1 3 55 7.0 75
5 6.0 6.8 7.0

10 6.0 7.0 75

0 4.0 6.0 6.0

1 45 6.2 6.5

3 3 5.0 6.5 6.5
5 5.0 6.5 6.5

10 5.0 6.5 6.7

0 45 6.0 6.0

1 5.0 6.0 6.4

5 3 5.0 6.0 6.5
5 5.0 6.5 6.5

10 55 6.5 6.8

1) (9 ) , 1 6
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Table 6. 4

(Month) (kGy)
0 6.8 6.8 7.0
1 6.5 7.0 7.2
0 3 6.5 7.2 7.0
5 6.5 6.5 75
10 6.0 7.0 7.0
0 6.0 7.0 7.0
1 6.0 7.0 7.0
1 3 6.5 7.2 7.0
5 6.5 7.0 75
10 6.8 7.0 75
0 45 6.0 6.0
1 55 6.0 6.5
3 3 55 6.5 6.8
5 55 6.5 7.0
10 5.8 6.8 7.0
0 5.0 55 6.8
1 5.0 6.5 6.8
5 3 55 6.5 6.5
5 55 6.5 6.5
10 5.0 6.5 6.8

1)

(9
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6
17,541 ha - 21,874 ha

50- 60%
Fusarium spp.
graminearum)
2
1. ,
100

72,168M/T - 92,203M/T

F. moniliforme, F. graminearum

(F. moniliforme),

Fusarium

1% sodium hypchlorite

- 103 -

30- 40%

2

(F.



streptomycin sulfate(200ppm)

(potato dextrose agar:PDA) 6 7 25
Fusarium
PDA slant 5 4
. Fusarium PDA slant
carnation leaf agar 2 25 (400X)
, , , phialide
2. DNA
Fusarium moniliforme  genomic DNA PDB(Potato Dextrose
Broth) 15 . PDB (Potato Dextrose
Broth) 2-3
50ml tube -85 . DNA

5g lysis buffer(50mM Tris-HCI, pH 8.0; 50mM EDTA, pH 8.0; 3%
Sodium Dodecyl Sulfate; 1% 2- mercaptoethanol) 10ml (W/V) 68
1 3,000rpm 10
Phenol/Chloroform/Isoamylalchol (25:24:1) Chloroform/Isoamylalchol (24:1)
1 , 13,000rpm 10
isoprophanol 12 -20
13,000rpm 10 DNA

DNA 70% ethanol 500ml

RNase(50 /ml) TE buffer(10mM Tris-Cl, ImM EDTA, pH74) 1 ml
37 1 . DNA 0.8% Agarose gel 0.5X
buffer 100v/ 60 uv
lambda DNA , DNA -20
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3. RAPD

Fusarium moniliforme 10
Kansas State University
Fusarium moniliforme mating type tester strain 12
Fusarium oxysporum Fuarium sporotrichioides

1 (T able 1).

. RAPD
10 base oligonucleotide primer  Operon T echnologies Inc.
USA (Table 2). PCR Williams et al
. DNA 0.5 effendorf tube 20
PT C- 100T M(MJ Research Inc.) 36
: 10ng genomic DNA, 0.5mM primer, 1 unit Taq
DNA polymerase(Biotools), 10Xreaction buffer, 20mM dNTP(dAT P,
dT TP, DGTP, DCTP) PCR denaturing 95 5
72 10 ,
9% 1 denaturing 36 1 annealing 72
2 extending 1 35
15% agarose gel 120V 2 3 uv
transilluminator Polaroid film
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Table 1. Isolates of Fusarium species from various location and sources.

) ) Isolate Isolatea ) Sourceb
Fusarium species Host Locations
No. Name (and number)
Fusarium moniliforme 1 A+a Maize visalia, calif JFL- A-00149
2 A- Maize Knighston, Ind. JFL- A- 00999
3 B+ Lab.cross JFL- B- 3853
4 B- Lab.cross JFL- B- 3582
5 C+ Rice Taiwan JFL- C- 1993
6 C- Rice Taiwan JFL- C- 1995
7 D+ - JFL- D- 4853
8 D- - JFL- D- 4854
9 E+ Maize st Eimo, In JFL- E- 00990
10 E- Maize st Eimo, In JFL- E- 02192
11 F+ Lab.cross JFL- F- 04094
12 F- Lab.cross JFL- F- 04093
13 MA 00505 M aize Kyeonggi- do
14 MA 00507 M aize Kyeonggi- do
15 MA 02303 M aize Kyeonggi- do
16 MA 03903 M aize Chungcheongbuk- do
17 MA 03904 M aize Chungcheongbuk- do
18 MA 03906 M aize Chungcheongbuk- do
19 MA 07501 Maize Kangwon- do
20 MA 07601 Maize Kangwon- do
21 MA 07603 M aize Kangwon- do
21 MA 07603 M aize Kangwon- do
22 MA 10701 Maize Kangwon- do
Fusarium oxysporum 23 KCT 358 Spinach  whasung
Fusarium sporotrichioides 24 SA 1 -

c Isolate number in KangWon National University collection.

d Names of Provinces in Korea.
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Table 2. List of

random primers(10- mer) and their

RAPD analysis.

base sequences used for

Primer No. Nucleotide sequences(5' to 3') No. of bands Remark
OPB- 2 TGA TCC CTG G 12(12)a

OPB-3 CAT CCC CCT G 11(9)

OPB- 4 GGA CTG GAG T 13(13)

Operon Tch. Inc

OPB-6 TGC TCT GCC C 10(10)

OPB- 11 GTA GACCCG T 8(7)

OPB- 18 CCA CAG CAG T 11(10)

T otal 65(61)

a The numbers in parentheses are the numbers of polymorphic bands for each.

4. rDNA

PCR-RFLP

Fusarium moniliforme
Kansas State University

Fusarium moniliforme mating type tester strain 12

Fusarium oxysporum Fuarium sporotrichioides

(Table 1).
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Table 1. Isolates of Fusarium species from various location and sources.

) ) Isolate Isolatea ) Sourceb
Fusarium species Host Locations
No. Name (and number)
Fusarium moniliforme 1 A+a Maize  visalia, calif JFL- A-00149
2 A- Maize Knighston, Ind. JFL- A- 00999
3 B+ Lab.cross JFL- B- 3853
4 B- Lab.cross JFL- B- 3582
5 C+ Rice Taiwan JFL- C-1993
6 C- Rice Taiwan JFL- C-1995
7 D+ - JFL- D- 4853
8 D- - JFL- D- 4854
9 E+ Maize  st. Elmo, In JFL- E- 00990
10 E- Maize  st. Elmo, In JFL- E- 02192
11 F+ Lab.cross JFL- F- 04094
12 F- Lab.cross JFL- F- 04093
13 MA 00505 Maize Kyeonggi- do
14 MA 00507 Maize Kyeonggi- do
15 MA 02303 Maize Kyeonggi- do
16 MA 03903 Maize Chungcheongbuk- do
17 MA 03904 Maize Chungcheongbuk- do
18 MA 03906 Maize Chungcheongbuk- do
19 MA 07501 M aize Kangwon- do
20 MA 07601 M aize Kangwon- do
21 MA 07603 Maize Kangwon- do
21 MA 07603 Maize Kangwon- do
22 MA 10701 Maize Kangwon- do
Fusarium oxysporum 23 KCT 358 Spinach  whasung
Fusarium sporotrichioides 24 SA 1 - -
c Isolate number in KangWon National University collection.
d Names of Provinces in Korea.
. IDNA ITS, ITS PCR
rDNA  noncoding region ITS( + ), ITS W hite

, ITS

specific primer ITS 1. 5-TCCGT
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AGGTGAACCTGCGG-3' , ITS 3: 5'-GCATCGATGAAGAACGCAGC-3'¢ ITS
4: 5'-TCCTCCGCTTATTGATATGCTGC-3' & ©] &3l H(Figure 1). PCREFE2 1
X reaction buffer, 200 #M dNTPs, 1 unit Taq polymerase, 1.5mM MgCly, 0.54M p
rimers& #7lete AAF S 1002 FAsAh PCR g 2L 95TAA 583t
27) W4 N F, BTAAM 1 2, 57CAN 1 &, 2CAA 1 £ leycle 2 HTF 3
5 cycle WHEd 2 72CoA 1083 ¥HgA) § whgg Fa3AT S%E PCR 4
E-& 05XTBE(0.045M Tris-borate, 0.001M EDTA) bufferg A}&3}9 1% agarose
gelol Al 213 Bk A7) 453 F UV AxtolA 2719 DNA HHES] F4E &
23t

ITS(I+1I), ITS D9 g FE& &3 F, o] A9 VI E o] & &<
7] A3 AFRAZ A FAE BFHAG ITS DG A #H4E Z21
AE ATFEAE AAE7] Y3l 4 basesE U4 3= Mspl, Hhal, Haelll, 5 base
s& A 3= Hinfl, 6 basesE U433t BamH 1, Xhol, EcoR1 % % 11709 A
FEAE o] &3t FHF 20 (PCR product 9uf, 10X enzyme buffer 244, Enzyme 1
W, dH:0 8u)2 3ol 2} AFFa Ao HA vhg2 oA vk A F 3% MetaPhor
™ agarose gel(FMC Bioproducts, USA)d A7\ g Fste} 2t ¢F 7ho| thad s @4
& vl

ITS1 ITS3 ITS4

©O Primer ITS 1! 5'-TCCGTAGGTGAACCTGCGG-3’
ITS 3: 5'-GCATCGATGAAGAACGCAGC-3’
ITS 4: 5'-TCCTCCGCTTATTGATATGC-3’

Figure 1. rRNA gene structure in the repeat unit of a portion of the rDNA repeat

showing the location of oligonuclotide primer site used to amplify rDNAs from

Fusarium moniliforme.
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5. CHEF

28 PDA (Potato Dextrose Agar) 7
PDB preculture PDB
28 , 180rpm 16 . intact DNA
Minem PFGE CHEF system(Bio- Rad)
. CHEF DNA 0.7% agarose gel
switching interval 75 5 13v/icm 228
DNA 0.9% agarose, switching interval 1 2
50V/icm 24 . standard marker  Saccharomyces
cerevisiae(Bio- rad) EtBr

6. AFLP(Amplified Fragment Length Polymorphism)

Fusarium moniliforme 4
Kansas State University ,
Fusarium moniliforme mating type tester strain 12

F. oxysporum cucumarium, F. oxysporum lycopersici, F. oxysporum

raphani, F. oxysporum lagenariae, F. oxysporum gladiolrus (Table 3).
. AFLP
genomic DNA 2 EcoR I(BRL, Germany) 5unit
37 12 25 ethanol -70 1
14,000rpm 30 DNA
DNA M se [(Gibco, USA) DNA
DNA 3

5 unit T4 DNA ligase(Promega, USA) 05u M EcoR I/Mse | adaptor
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14

pre- amplification

Table 3. Isolates

12 ligation

. Ligation

DNA

of F. moniliforme and F. oxysporum used in this study

Isolated No. Fusarium spp.
1 F. moniliforme(at) corn
2 F. moniliforme(a-) corn
3 F. moniliforme(b+ corn
4 F. moniliforme(b-) corn
5 F. moniliforme(ct) corn
6 F. moniliforme(c-) corm
corn
7 F. moniliforme(d+) corn
8 F. moniliforme(d-) corn
9 F moniliforme(e+) corn
10 F. moniliforme(e-) corn
11 F. moniliforme(f+) corn
12 F. moniliforme(f-) corn
13 F. moniliforme Allium thunbergil
14 F. moniliforme corn
15 F. moniliforme corn
16 F. moniliforme corn
17 F. moniliforme corn
18 F. oxysporum cucumarium cucumber
19 F. oxysporum cucumarium cucumber
20 F. oxysporum cucumarium cucumber
21 F. oxysporum lycapersici tomato
22 F. oxysporum lycapersici tomato
23 F. oxysporum lycapersici tomato
24 F. oxysporum raphani turnip
25 F. oxysporum raphani turnip
26 F. oxysporum raphani turnip
27 F. oxysporum lagenariae strawberry
28 F. oxysporum gladiolrus gladiolus
29 F. oxysporum gladiolrus gladiolus
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Table 4. Oligonucleotide adapters and primers used for AFLP analysis.

EcoR -adaptore/ CTCGTAGACTGCGTACC

CATCTGACGCATGGTTAA
M se -adaptord GACGATGAGT CCTGAG

TACTCAGGACTCAT
AFLP primerl/

EcoR +0: GACTGCGTACCAATTC Mse +0: GATGAGTCCTGAGTAA

EcoR +2 Mse +3
E1 GACTGCGTACCAATTC+AT M1 GATGAGT CCTGAGTAA+CAG
E2 GACTGCGTACCAATTC+AC M2 GATGAGT CCTGAGTAA+CAC
E3 GACTGCGTACCAATTC+TA M3 GATGAGTCCTGAGTAA+CTA
E4 GACTGCGTACCAATTC+TG M4 GATGAGTCCTGAGTAA+CTT
E5 GACTGCGTACCAATTC+AA M5 GATGAGTCCTGAGTAA+CTC

Primer combinations analyzed in this experiment
El/M1 E1/M2 E1IM3
E2/IM1 E2/IM2 E2/M3
E4/M2 E4M2 E4M5

d EcoR and Mse adaptors were ligates onto the ends of restriction fragments

of template genomic DNAS.

I/ EcoR +0 and Mse +0 primers were used in the preamplification of template
DNA.

The AFLP fingerprint was generated using pairs EcoR +2 and Mse +3

primers.
Pre- amplification  adaptor primer
DNA DNA . PCR
DNA 5 1X buffer (10mM Tris-HCI, pH8.8, 1.5mM MgClz, 50mM KCI, 0.1%

Triton X 100), 2004 M dNTP, 0.5 M EcoR I-0/Mse I-1 primer, 1 unit Tag DNA

polymerase(DynazymeTV) Perkin- EImer thermal cycler 94 30
60 1 ,72 1 1 cycle 20
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Pre- amplification PCR 1:50 2 PCR
(Table 4). 2 PCR Pre- amplification
DNA 5 1X buffer(10mM Tris- HCI, pH8.8, 1.5mM MgClz, 50mM KClI,
0.1% Triton X 100), 200y M dNTP, 0.5u M EcoR I-2/Mse I-3 primer, 1 unit Taqg

DNA polymerase(DynazymeTN) 94 30 , 65 30 , 72
1 cycle cycle annealing 1
11 cycles 94 30 , 56 30 , 72 1
23
PCR PCR 6 formamide loading dye(95%

formamide, 10mM EDTA, pH8.0, 0.05% bromo phenol blue, 0.05% Xylene cyanol
FF) 4 95 5 6 55
6% denaturing polyacrylamide gel (acrylamide:bisacrylamide(19:1), 7.5M urea,

1X TBE (0.89M Tris-HCI, pH83, 0.89M boric acid, 0.02M EDTA, pH8.0))

loading 1,800V 80W 3 silver staining
TG+CTC Fusarium spp. band
, mating type band . band
blade bands
20 gel , acrylamide gel
effendorf tube 1X buffer(10mM Tris-HCI, pH8.8, 1.5mM MgCl;, 50mM

KCI, 0.1% Triton X 100), 200y M dNTP, 0.5y M EcoR TG /Mse CTC primer, 1

unit Tag DNA polymerase(BIOT OOLTN) 94 30 , 65
30 , 72 1 cycle cycle annealing 1
11 cycles 94 30 , 56 30 , 72
1 23 . PCR 1% agarose gel
loading size
PCR TBE buffer blade
agrarose gel . gel 300 agarose lysis buffer
MEGA-bead gel 10 vortex 55- 60 5
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incubation agarose agarose gel
30 11,000- 13,000
Bead stabilizer buffer 600 tapping
washing buffer 600 resuspend
30 pellet . tube
TE buffer 30-50 55- 60 5 incubation
maximun rpm 1 tube purification
1% agarose gel loading
purification PCR cloning
7. Data
NTSYS-pc (Version 1.61)
simple matching coefficients(Ssm) Sneath and Sokal
matrix of similarity coefficients UPGMA
3
1.
100 PDA
F. moniliforme
13% , 21% (Table 5).

- 114 -



Table 5. Fusarium moniniforme infection rates on corns.

No. of samples infected with

Samples No. of samples F. moniliforme Infection rate(%)
Fresh corn 100 21 21
Storage corn 100 13 13
2. RAPD

Fusarium moniliforme mating type tester strain (A+ F-)
Fusarium moniliforme
oxysporum  Fusarium sporotrichioides
6 random primer Fusarium spp.

DNAs RAPD pattern

isolate count Fusarium spp.

DNA 3.0Kb 0.5Kb
65 61 polymorphic band (Figure 2).
mating type tester strain

Fusarium moniliforme

Fusarium

genomin

24

primer

Fusarium oxysporum Fusarium sporotrichioides

Fusarium moniliforme

OPB-11 primer

primer 1.5Kb 0.6Kb . F+, F-
primer 0.4Kb

OPB- 18 primer

(Figure 3) UPGAM program
70% 4 80%
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OPB- 3
OPB- 3

mating



type teser strain 90%
Fusarium moniliforme . mating type strian

F. moniliforme

Fusarium moniliforme Fusarium oxysporum Fusarium
sporotrichioides Fusarium moniliforme
(T able 7).
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SIT —=
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Figure 2. PCR amplified genomic DNAs from the twenty-two isolates of F.
moniliforme, one isolate of Fusarium oxysporum(KCT 358), and one isolate of F.
sporotrichioides(SA1). The order of the isolates in lanes from 1 through 24 were
the same as in Table 1. The primers used were the same in order as those

shown in Table 2.
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Table 7. Similarity matrix based on the number shared bands by the compared

Fusarium species on 1.5% agarose gel in RAPD analysise.

MA MA MA MA MA MA MA MA MA MA KCTb

00505 00507 02303 03903 03904 03906 07501 07601 07603 10701 58

0.892

B+ 0.646 0.692

0646 0661 0.969

C+ 0615 0630 0723 0692

0584 0.600 0.692 0661 0969

D+ 0615 0569 0692 0692 0753 0.723

0.600 0584 0707 0707 0769 0.738 0.984

E+ 0584 0630 0569 0569 0600 0.569 0.661 0.676

0553 0.600 0.630 0630 0600 0.569 0.692 0.707 0.938

F+ 0646 0692 0.661 0630 0692 0.692 0.630 0.646 0.661 0.630

0615 0661 0.692 0692 0692 0.661 0.661 0.676 0661 0.661 0.938

MAQ0S05 5738 0,692 0.692 0692 0.661 0.630 0.692 0.676 0.630 0.661 0661 0.661

AMO0S07 723 0,676 0676 0676 0646 0.615 0.707 0.692 0.646 0.676 0646 0.646 0.984

AMO02303 o676 0692 0692 0661 0692 0.661 0.661 0.646 0600 0630 0661 0.661 0.938 0.923

MAO03%03 707 0692 0692 0.692 0661 0630 0.661 0.676 0630 0661 0.661 0661 0969 0.953 0.938

MAO3904 753 0,707 0.707 0707 0646 0.615 0.676 0.661 0.615 0.646 0646 0.646 0984 0.969 0923 0.953

MAO3906 (676 0692 0692 0692 0.630 0.600 0.630 0.646 0.600 0630 0661 0.661 0.938 0923 0907 0.969 0.953

MAOQ7501 0676 0692 0692 0.692 0.630 0.600 0.630 0.646 0600 0.630 0.661 0.661 0.938 0923 0.907 0969 0953 1.000

MAO7601 o676 0692 0692 0.692 0.630 0.600 0.630 0.646 0.600 0630 0661 0.661 0.938 0923 0907 0.969 0953 1.000 1.000

MAO7603 692 0,707 0.707 0707 0.646 0.615 0.646 0.661 0.615 0646 0676 0.676 0953 0.938 0.892 0953 0969 0984 0.984 0.984

MAL0701 o676 0692 0692 0692 0.661 0.630 0.630 0.646 0.600 0.630 0661 0.661 0.938 0923 0907 0938 0.953 0.969 0.969 0.969 0.984

KCT350 0584 0.630 0692 0692 0600 0.569 0.600 0.615 0600 0.630 0569 0.600 0.723 0.707 0.692 0723 0738 0.753 0.753 0.753 0.769 0.784

0569 0523 0646 0615 0615 0584 0.615 0.600 0492 0553 0615 0.615 0.707 0.723 0738 0707 0.692 0707 0.707 0.707 0692 0707 0.707

sA1

a Data matrix was made by scoring the presence or absence of the bands as 1
and O, respectively. Similarity coefficients between two isolates were then
calculated with modified formular of Sneath and Sokal (1973).

b Isolate name.
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Figure 3. UPGMA dendrogram among the twenty-two Fusarium species. based

on the bands on 1.2% agarose gel in RAPD

0.00 0.5 0.50 0Je 1.00
el
1 ﬁ-
MAD505
HAOED?
HADOS04
HAOGS03
= HACO50¢
HAOPED
0701
HAOPED?
HA107D]

L%}

o
—F |
|
3. PCR-RFLP
Fusarium species rDNA ITS ,ITS( + )
ITS primer ITS 3 primer ITS 4 SATS( + )
primer ITS 1  primer ITS 4 . PCR 1%
agarose gel ITS 400bp
(Figure 4). ITS 500bp (Figure 4). r DNA ITS
rDNA ITS( + ), ITS 4dbp Hha ,Tag , Hae , Msp , 5bp
Hirf , 6bp BamH , Kpn , EcoR , Hind
Hinf , Taq ahenms
(Figures 5, 6).
ITS, ITS Hha , Hae , Msp , Kpn , EcoR
, Hind . YCK137
. Msp 40113 , Tag
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40113 TS ITS

, Hae
10 ITS RFLP
band
(Figure 7). mathing type C+ C-,
E+ E-, F+ F- . 'DNA PCR-RFLP
subgroup , ITS

(Table 8). Fusarium

moniliforme ITS ITS

A0

ITS

Figuer 4. PCR amplified portion of ITS and ITS region in Fusarium species.

The numbers on top of the lane indicate isolate numbers in Table 1.
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Fa)
15—

w44
229

B

Figure 5. Restriction fragment length polymorphism of Fusarium species.
rDNA-ITS( + ) amplification products digested with Hha , Hae , Msp , Kpn

, EcoR . The numbers on top of the lane indicate isolate numbers in Table 1.

- 121 -



Bl
220

Figure 6. Restriction fragment length polymorphism of Fusarium species.
rDNA-ITS amplification products digested with Hsp ,Hha Hirf . The

numbers on top of the lane indicate isolate numbers in Table 1.
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Table 8. Similarity matrix based on the number of shared bands by the compared

Fusarium species on 3.0% metaphor- agarose gel in PCR- RFLP analysis .

13 14 15 16 17 18 19 20 2la

2b 1.000
3 1.000
4 1.000
5 0.350
6 0.300
7 0.250
8 0.300
9 0.950
10 0.800
11 0.350
12 0.300
13 0.950
14 1.000
15 0.950
16 1.000
17 1.000
18 0.950
19 0.850
20 0.950
21 0.300
22 0.750

1.000
1.000
0.350
0.300
0.250
0.300
0.950
0.900
0.350
0.300
0.950
1.000
0.950
1.000
1.000
0.950
0.850
0.950
0.300
0.750

1.000
0.350
0.300
0.250
0.300
0.950
0.900
0.350
0.300
0.950
1.000
0.950
1.000
1.000
0.950
0.850
0.950
0.300
0.750

0.350
0.300
0.250
0.300
0.950
0.800
0.350
0.300
0.950
1.000
0.950
1.000
1.000
0.950
0.850
0.950
0.300
0.750

0.950

0.900 0.950

0.950 1.000 0.950

0.300 0.350 0.300 0.350

0.350 0.300 0.250 0.300 0.850

1.000 0.950 0.900 0.950 0.300 0.350

0.950 1.000 0.950 1.000 0.350 0.300 0.950
0.300 0.350 0.300 0.350 1.000 0.850 0.300 0.350

0.350 0.300 0.250 0.300 0.950 0.900 0.350 0.300 0.950

0.400 0.350 0.300 0.350 0.900 0.950 0.400 0.350 0.900 0.950

0.350 0.300 0.250 0.300 0.950 0.900 0.350 0.300 0.950 1.000 0.950

0.350 0.300 0.250 0.300 0.950 0.900 0.350 0.300 0.950 1.000 0.950 1.000

0.400 0.350 0.300 0.350 0.900 0.950 0.400 0.350 0.900 0.950 1.000 0.950 0.950

0.300 0.250 0.200 0.250 0.800 0.850 0.300 0.250 0.800 0.850 0.900 0.850 0.850 0.900

0.400 0.350 0.300 0.350 0.900 0.950 0.400 0.350 0.900 0.950 1.000 0.950 0.950 1.000 0.900

0.950 0.900 0.850 0.900 0.250 0.300 0.950 0.900 0.250 0.300 0.350 0.300 0.300 0.350 0.250 0.350
0.500 0.450 0.400 0.450 0.700 0.750 0.500 0.450 0.700 0.750 0.800 0.750 0.750 0.800 0.700 0.800 0.450

éData matrix was made by scoring the presence or

and O, respectively.

absence of the bands as 1

Similarity coefficients between two isolates were then calculated with modified

formular of Sneath and Sokal (1973).

b Isolate name.
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Figure 7. UPGMA dendrogram among the twenty-two Fusarium species. based

on the bands on 3.0% agarose gel in PCR-RFLP(ITS + ,ITS ).

4. CHEF
CHEF F. moniliforme Fusarium
species CHEF marker
, Fusarium species
CHEF Fusarium species

marker
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5. AFLP

Williams  Koebner genomic DNA
bands AFLP
. AFLP  RFLP RAPD
DNA adaptor
primer RAPD PCR DNA
marker
50- 100 marker
AFLP DNA
fingerprinting RFLP, RAPD, AFLP
AFLP
AFLP ,
genome
AFLP F. moniliforme
F. moniliforme  detection marker
F. moniliforme genomic DNA AFLP(Amplified Fragment Length
Polymorphism) 9 primer (EVM1, EI/IM2, EXMS3,
E2/M1, E2IM2, E2/IM3, E4/M1, E4/M2, E4/M3) 9 primer
50 band , 300- 1,500bp
(Figure 8, 9, 10). 9 primer bands bionominal
matrix code (0,1) , dendrogram NTSYS-PC UPGMA
program clustering analysis (Table 9). AFLP
mating type . A type
0.98 , B type 096, C type 098, D type 096, E type 0.89, F type 0.94
mating type 0.7-0.8
similarity
AFLP F. moniliforme band

E+TG, M+CTC Fusarium

- 125 -

common band



mating type band

(Figure 9).

Figure 8. AFLP profile with F. moniliforme using primer combination (A: E1+M3,

B: E2+M1). The numbers on top of the lane indicate isolate numbers in Table 2.
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Figure 9. AFLP profile with F. moniliforme using primer combination (A: E2+M4,

B: E4+Mb)
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Figure 10. AFLP profile with F. moniliforme using primer combination E3+M5
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Figure 11. UPGMA dendrogram among the twenty-five Fusarium moniliforme

based on the bands 6% acrylamide gel in AFLP analysis.
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E+TG, M+CTC  Fusarium spp. band mating type

band acrylamide gel elution (Figure
12). cloning band agarose gel loading
MEGA-bead Agarose gel extraction Kit purification
(Figure 12).
E+TG, M+CTC AFLP Fusarium spp.
Fusarium ,
elicitor . Cloning sequence
Fusarium spp. model
mating type band
elution Fusarium moniliforme ITS
sequence ITS . AFLP
mating type Fusarium moniliforme  mating

type

....——-E:ﬂﬂﬂ-hl&u““inﬂnilu-lhz

Figure 12. Reamplification and purification of Fusarium moniliforme fragment

isolated from combination E4+M+5(a: reamplification, b: purification)
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1994
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1984 133,400
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1.
( ) (-20 )
2.
2450 MHz
1 -2 (1 power on, 2 power
off- pulse microwave)
20%
’ y 3

0.25 Watt/g, 0.50 Watt/g, 0.75Watt/g

105 Kjeldahl
Soxhlet . Color Color Difference

M eter, (Y asuda, Japan)

open- ended coaxial probe () 300 MHz 3 GHz

load/ air/short network analyzer(Hewlett packard,
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HP8753C), S-parameter test set(Hewlett packard, HP85046A) Dielectric Probe

kit(Hewlett packard, HP85070A) (1) ©
- N \/ 1
d, = ——— - 1
p 2% 2(5(\/1 + ((Ell/(al)z _ 1) ( )
dp: (penetration depth), A : 122 cm (2450 MHz), € ' :
(dielectric constant), € '* : loss factor( )
5.

Texture analyser (Model TX XT 2, Stable Micro
Systems) Test type : Texture profile analysis,
Measuring type : Measuring force in compression, Deformation ratio : 30.0%,

Plunger type : Cylindrical type ¢ 6mm, Sample size : § 60mm X 20mm, Speed :

0.5 mm/s
6.
Brabender amylograph(model 800200, West Germany)
cyclotec(1093 sample mill) 80mesh - 100mesh
8%
7.

HAAKE Rotovisco Viscometer(Model RV 20)
MVIP cup MV-hob
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ICP(Inductively  Coupled
Spectrometer)
Spectrophometer : Jobin Yvon model
Frequency : 40.68MHz, Power : 1Kw, Cooling gas :
0.3L/min, Sheath gas : 0.3~0.6L/min
9. (WAI) (WSl)
Anderson 2g  30ml
1 15009
WS
10. Gel consistency
Gilbert
11.
SAS
12.
25

JY 38 Plus, Nebulizer

Plasma)A SE(Atomic  Emission

Glass concentric,

14L/min, Aerosol flow rate :

10

Caganpang

20

Bostwich viscometer
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50

(30 )
13.
30 48

14. pH

pH pH meter pH

15. Soluble

Sowbhagy  Bhattacharya
1g 95% 1 IN NaOH 9 10
100 5 IN 1
(0.2%) lodine 2 100 20 620nm
3)
3
Table 1
54.6%
2450

MHz ,
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1l/e

915M Hz 2450MHz

pulse

pulse

pulse

setback

70
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’ pHI

Table 1.
10.7% 5.9% 1.8%
Table 2.
M oisture Dielectric Loss Penentration
content(%) constant factor depth(cm)
30 16.4 12.6 1.73
35 20.3 13.1 1.82
40 24.3 135 1.89
45 311 14.2 194
50 34.5 14.8 214
55 39.8 15.3 221
T able 3.
T emperature Dielectric Loss Penentration
() constant factor depth(cm)
20 36.2 13.2 2.2
40 38.3 16.4 21
60 39.4 17.1 18
80 40.2 17.2 1.7

Imoisture content= 55.0%
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Fig. 3.
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Table 4. (9)
0.25 0.50 0.75
0.50 0.75
Watt/g att/g att/g
Watt/g W att/ Watt/g
2 2
30 55 18.8 9.2 25.2 10.1 316
1 11.8 34.5 19.1 45.9 20.2 54.3
1 30 18.2 47.6 275 61.4 29.8 78.8
2 24.0 58.4 34.6 73.7 37.9 92.5
2 30 290.2 68.4 42.6 815 47.2
3 35.7 76.0 48.0 90.5 53.9
3 30 41.3 82.6 52.9 96.4 61.4
4 46.4 88.5 57.3 68.6
4 30 51.3 94.0 61.7 74.1
5 56.0 65.2 78.8
5 30 60.3 68.9 84.6
6 64.9 72.2 88.7
6 30 68.4 77.1 91.9
7 71.6 80.5 94.6
7 30 74.7 83.9 96.6
8 78.1 86.7
8 30 80.9 89.1
9 83.5 90.3
9 30 91.0 91.7
10 93.3 92.8
10 30 94.7 93.8
11 96.7
11 30 98.6
12 99.9
12 30 100.8
200g
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Table 5. (9)
wats OB wavg 0 wawg 07
1 Watt/g 1 Watt/g 1 Watt/g
2 2 2
30 35 16.8 8.2 222 8.1 29.6
1 9.8 325 19.1 429 18.1 50.3
1 30 16.2 45.7 26.5 58.4 27.8 72.8
2 22 56.2 33.6 70.7 35.9 86.8
2 30 27.2 66.5 41.6 78.5 44.2 93.2
3 33.7 73.8 47.0 86.5 51.4
3 30 39.7 80.5 51.8 92.9 58.4
4 44.4 85.7 56.3 95.4 66.6
4 30 49.3 89.4 60.7 96.8 72.1
5 54.0 925 64.2 76.8
5 30 58.3 95.8 67.9 82.6
6 62.9 71.2 86.7
6 30 66.4 16.1 89.9
7 69.6 19.5 91.1
7 30 72.1 82.9 92.6
8 76.9 85.7 94.6
8 30 815 88.1 95.4
9 83.5 89.3 96.4
9 30 85.2 90.7
10 86.9 91.8
10 30 88.4 92.8
11 90.2 93.7
11 30 91.3 94.2
12 92.7 94.7
12 30 94.7
13 96.6
13 30 975
14 98.4
14 30 100.2
15 101.0
200g
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Table 6. (9)
0.25 0.50 0.75
Watt/g ' Watt/g ' att/g 075
Watt/g Watt/g Watt/g
2 2 2
30 9.2 22.8 10.0 28.2 13.1 315
1 19.1 38.5 204 47.6 25.5 56.8
1 30 275 524 30.2 63.3 35.2 814
2 34.7 61.9 37.0 77.2 44.9 94.7
2 30 42.2 715 48.6 84.7 53.8
3 47.7 79.5 53.6 94.5 61.5
3 30 52.4 86.6 60.8 98.3 69.8
4 56.8 92.1 69.5 76.1
4 30 61.7 73.9 82.7
5 64.2 78.8 92.5
5 30 69.9 854 96.1
6 72.2 89.8 98.6
6 30 77.1 92.5
7 80.5 95.8
7 30 83.5 97.1
8 86.7 98.2
8 30 89.1
9 92.9
9 30 94.4
10 96.7
10 30 100.4
200g
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Table 7.

L a b

59.840)+ 0.64b 0.44+ 0.28f  18.56+ 0.46d

( , 48 ) 64.12+ 0.52a 1.00+ 0.32¢f  19.60+ 0.62c
0.25 Watt/g 1 2 60.46+ 1.26b 1.51+ 0.23ce 19.96+ 0.58kc
0.25 Watt/g 56.52+ 2.29c¢ 2.01+ 0.47«d 19.58+ 0.31c
0.50 Watt/g 1 2 57.00+ 0.89c 2.71% 0.22b  20.62+ 0.77zb
0.50 Watt/g 4538+ 3.87d 4.02+ 0.96a 16.26x 0.5le
0.75 Watt/g 1 2 59.04+ 1.15tc 254+ 0.42kc 21.10+ 0.19a
0.75 Watt/g 4466+ 2.72d 4.34+ 0.3la 16.74+ 0.8le

) Meant S.D a =0.05

T able 8.
L a b

59.84 0.44 18.56

( 48 ) 64.12 1.00 19.60

0.25 Watt/g 1 2 61.32 1.49 2041

0.25 Watt/g 58.92 1.89 19.23
0.50 Watt/g 1 2 60.44 154 21.37
0.50 Watt/g 56.85 242 19.58
0.75 Watt/g 1 2 60.17 1.62 21.94
0.75 Watt/g 54.64 2.67 19.11
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Table 9.

L a b
59.84 0.44 18.56
( , 48 ) 64.12 1.00 19.60
0.25 Watt/g 1 2 54.74 2.53 19.47
0.25 Watt/g 45.35 2.82 20.17
050 Watt/g 1 2 53.21 3.13 21.22
0.50 Watt/g 41.11 4.79 20.83
0.75 Watt/g 1 2 51.64 3.29 22.15
0.75 Watt/g 40.32 5.24 20.46
Table 10.
Hardness  Cohesiveness Springness Chewiness
0.25 Watt/g 1
) 690.4 0.4 0.7 352.8
0.25 Watt/g
754.6 0.3 0.7 302.1
0.50 Watt/g 1
) 7433 0.3 0.6 341.7
0.50 Watt/g
800.7 0.3 0.5 278.2
0.75 Watt/g 1
) 827.4 0.3 0.6 294.8
0.75 Watt/g
894.2 0.3 0.5 252.3
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Table 11.

Hardness Cohesiveness Springness Chewiness

0.25 Watt/g 1

) 496.8 0.5 0.8 380.4
0.25 Watt/g
527.3 0.5 0.8 352.2
0.50 Watt/g 1
) 543.1 0.4 0.8 3735
0.50 Watt/g
584.9 0.4 0.7 347.9
0.75 Watt/g 1
) 672.4 0.4 0.8 368.8
0.75 Watt/g
721.5 0.4 0.7 319.6
Table 12.

Hardness Cohesiveness Springness Chewiness

0.25 Watt/g 1

789.3 0.3 0.6 301.8
0.25 Watt/g
797.2 0.3 0.5 259.3
0.50 Watt/g 1 2
814.9 0.3 0.5 260.4
0.50 Watt/g
872.8 0.3 0.5 224.6
0.75 Watt/g 1 2
916.4 0.2 0.4 2321
0.75 Watt/g
932.7 0.2 0.4 219.7
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Table 13.

A B C D E F
0.25 Watt/g 1
310 300 420 10 120 110
0.25 Watt/g
290 268 376 22 108 86
0.50 Watt/g 1
300 274 412 26 138 112
0.50 Watt/g
276 240 351 36 111 75
0.75 Watt/g 1
246 232 388 14 156 142
0.75 Watt/g
230 220 340 10 120 110
A: Maximum viscosity B: Viscosity at 95 C: Viscosity at 50
D: Breakdown E: Consistency F: Setback
Table 14.
A B C D E F
0.25 Watt/g 1
356 320 450 36 130 94
0.25 Watt/g
330 318 410 12 92 80
0.50 Watt/g 1
324 316 438 8 122 114
0.50 Watt/g
310 310 400 0 90 90
0.75 Watt/g 1
300 296 428 4 132 128
0.75 Watt/g
290 285 400 5 115 110

A: Maximum viscosity B: Viscosity at 95

D: Breakdown E: Consistency F: Setback
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T able 15.

A B C D E F
0.25 Watt/g 1 2
356 320 450 36 130 94
0.25 Watt/g
330 318 410 12 92 80
0.50 Watt/g 1 2
324 316 438 8 122 114
0.50 Watt/g
310 310 400 0 90 90
0.75 Watt/g 1 2
300 296 428 4 132 128
0.75 Watt/g
290 285 400 5 115 110

A: Maximum viscosity B: Viscosity at 95

D: Breakdown E: Consistency F: Setback

T able 16.

(%)

C: Viscosity at 50

M1

M2

12.7

105

10.3

Table 17.

(%)

0.30

- 156 -



Table 18.

(0.D)
2.40
LSD 0.05
T able 19.
L a b
96.6 0.01 2.56
M1 92.4 0.26 6.04
M2 90.5 0.24 4.30
Table 20. WAI WSI
WAL (%) WSI (%)
115.80 0.02
M1 145.85 0.30
M2 173.80 0.60
T able 21. (CWS) (%)
M1 M2
0.40 0.83 0.99
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T able 22.

(mg%) M1 M2
45 5.2 51
234.8 280.5 283.2
22 4.3 4.7
3.2 3.2 35
219.3 312.4 3224
Table 23. (%)
Temperature ()
50 60 70 80 90
45 4.0 29 18 3.8
M1 8.2 9.3 215 235 23.6
M2 85 10.2 21.8 242 26.8
Table 24.
Yield Stress(g/cm) Flow Behavior(N) Consistency
M1 3.44 1.18 -0.08 -0.10 0.11 0.25
M2 4.03 1.23 -0.12 -0.19 0.12 0.23
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T able 25.

Gel Consistency

Gel Consistency ( )

4.4% (wt/v) 6.6% (wt/v)
16.5 122
M1 16.8 122
M2 155 12.2
Table 26.
(hr)
0 6 9 18 24 48 72 96
(9) 116.00 11520 116.00 119.16 119.19 117.27 119.64 124.22
(9) 4183 4014 3651 3912 3629 36.03 3396 29.63
(9) 4100 3920 3580 3800 3500 3500 33.00 29.00
( Bx) 14.2 135 13.0 126 13.0 129 12.9 13.10
(%) 1.69 1.69 1.69 1.77 1.90 1.94 1.90 1.90
Table 27.
Storage time (hr) 0 6 9 18 24 48 72 96
Hardness of
_ 3.7 3.65 34 3.75 4.5 5.7 7.2 7.7
corn grain ()
Table 28.
Storage time (hr) 0 6 9 18 24 48 72 96
T exture 6.4 6.1 6.5 5.7 7.15 4.8 4.5 4.9
Color 54 55 6.25 4.9 5.85 6.7 7.6 7.8
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T able 29.

M1 M2

5.9 6.2 5.3

49 5.3 48

6.0 5.2 5.4

47 5.3 53

T able 30.
2 3 4

5.3 5.4 5.2

5.3 5.6 5.3
Control 300W att 300W att
90(60)90 2 90(60)90 2
M.W

30
(1) (2) (3 (4) (5
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(9)

9 ) 1778
(9:1) 198(178:20)g
(1%) 20g
(0.2%) 49
2000 (g)
25 30
!
(10 )

(Microwave),

(Mixer- 10sec),

( : - 101,
( 0.1%)
1
( 9 )
1
(40 )
1
_( 30 )
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Table. 31

Control
2 90(60)90 2 90(60)90
(%) 12 12 12 12 12

pH 7.36 6.61 7.28 7.28 6.81

() 1.33 0.97 1.23 1.40 1.30

L 111.79 113.66 113.30 112.07 110.77

a -1.53 -1.41 -1.57 -1.53 -1.43

b 5.31 4.88 7.22 6.15 6.61

Table. 32

Control 2 90(60)90 2 90(60)90
5.80+ 1.61b 6.20+ 1.32zb 6.80+ 1.47a 6.30+ 1.03eb 6.10+ 1.33zb

5,55+ 1.23ra 5.80+ 1.32 5.60+ 1.47 5.80+ 1.32 6.00+ 1.26

5.25+ 1.37ra 5.80+ 1.44 545+ 1.32 6.05+ 1.64 5.05+ 1.57

5.25+ 1.25ra 5.85+ 1.60 5.95+ 1.61 6.00+ 1.45 5.15+ 1.73

5.25+ 1.59ra 5.70+ 1.38 5.95+ 1.43 5.85+ 1.39 5.25+ 1.48
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Amylose

0.5
E 0.4
o
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e
@
3
c 0.2
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<L
a
' 30
Amylose
Fig. 4. Standard Curve
Table 33. (%)
Y (A €rm) X Amylose (%)at 620nm
Control 0.273 12.16 24.32
300W att?2 0.276 12.30 24.60
300W att90(60)90 0.292 13.00 26.00
300W att2 0.281 12.52 25.04
300W att90(60)90 0.306 13.62 27.24

refre) X x 2 = 620nm Amylose (%)
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T otal sugar

2.0
y = 0.0072x —0.0068
E R* =0.9998
T q:
o -2 1 437
[,
=
-
@
@ 1.0
]
c
_‘g 0,7
S 05
0 .35
@
0.0 g
100 200
Total Suger(%)
Fig. 5. Standard Curve
Table 34. ( %)
(A4irm) X mg%
Control 4.425 615.53 6.15
300W att?2 4.423 615.25 6.15
300W att90(60)90 4.422 615.11 6.15
300W att2 4.423 615.25 6.15
300W att90(60)90 4424 615.39 6.15
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