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Development of processing food using muskmelon
to improvement of value added and utilization study
of muskmelon growth using process products.
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SUMMARY

1. Title

Development of processing food using muskmelon to improvement of value

added and utilization study of muskmelon growth using process products.

0. Summary

Muskmelons, an annual plant belonging to a citrus melo family, act for summer
fruits. Most of the produce are used for green fruits because of limited storage
life, so the merchandising is required. There are no goods except for muskmelon
vinegar and muskmelon juice, further more muskmelon juice is disappearing in the
market. So, it is demanded to develop value added goods through processing of
muskmelon.

This study was performed to establish a recipe of concentrated muskmelon
juice applying to food ingredients and muskmelon juice containing muskmelon
vinegar and concentration muskmelon juice and muskmelon beverage diluting
concentration muskmelon juice. jam, pickle, pudding using muskmelons were also
made to develop processed foods.

Concentration muskmelon juice using muskmelon was good under the heating
condition of 98C and 13 min. The optimum concentration of pectinase and gelatin
and treatment time for concentration muskmelon juice were 6.6 mg%, 33.6 mg%
and 70 seconds, respectively.

The recipe of muskmelon vinegar beverage was liquid 11.0%6 of fructose, 3.09%
of muskmelon vinegar, 1.09 of concentration muskmelon juice, 0.5% of honey,
0.04% of vitamin C, 0.02% of citric acid, 0.2% of muskmelon flavor and 84.24% of
refined water. This condition was stable microbiologically and has good score in
sensory evaluation in time of circulation under the room temperature.

The recipe of concentration muskmelon beverage was liquid 40.0% of fructose,
15% of sucrose, 5.0% of concentration muskmelon juice, 5.0% of muskmelon

vinegar, 5.0% of honey, 0.4% of vitamin C, 0.8% of citric acid, 2.0% of

_12_



concentration apple juice, 0.02% of graptfruit seed extract and 3.08%6 of refined
water. This condition was stable microbiologically and has good score in sensory
evaluation, too.

The recipe of muskmelon jam was 73.19% of fructose to the added sugar, 55.65
ml of muskmelon paste and 242 g of pectin. In the quality characteristics by
ripening and preserving with salts to make muskmelon pickle, unripened fruit (21st
day after pollination) is more appropriate than rip.

This study was conducted to investigate on composts of muskmelon
by-products using microbe such as antagonic bacteria, nitrogen fixing bacteria and
organic matter degradation bacteria. A total of 50 odd strains, 30 kinds of bacteria,
10 kinds of Streptomyces sp. and fungi, were isolated from muskmelons residual
products such as vines, leaves, stems and fruit drops. The isolates were screened
for antagonism to Didymella bryoniae and Fusarium oxysporium f. sp. melonis
and the isolated strain No. AL-19 was selected among these bacteria. It has good
productivity of enzyme such as cellulase, protease and xylanase and identified as
Bacillus subtilis based on morphological and physiological characterisitics according
to the Bergey’s mannual of systematic bacteriology, Sherlock system of Microbial
ID Inc. and 16S rDNA sequences methods. Bacillus subtilis AL-19 showed broad
spectrum of antifungal activities against plant pathogenic fungi Collectotrichum
orbicular. Didymella bryoniae, Fusarium oxysporum f. sp. melonis, Phytophthora
capsici, Pythium ultimun, Rhizoctonia solani AG-4, Sclerotinia sclerotiorum.

The optimum condition of the fermented fertilizer was established by the
formated B. subtilis AL-19 sorted out from residual products, mixing 38% of
droppings, 24% of sawdust, 12% of bran and 10% residual products, adding 1%
microorganisms material made from B. subtilis AL-19 and fermenting it. The
fermented fertilizer were ground for the official standard of fertilizer.

The cultivation results of muskmelons using muskmelon vinegar and muskmelon

residual products are as follows. Quantity and quality of samples treated with 500,

_13_



1000 and 2000 times of muskmelon vinegar were higher than that of control ;
weight, quality, sugar content and goods production rate were higher to degree of
33~42 g/piece, 370~460 kg/10a, 0.6~09. Brix, 2~5%, respectively. goods
production yield of samples treated with 500, 1000 and 2000 times of muskmelon
vinegar was higher (400~610 kg/10a) than that of control. Marketability of
samples treated with 500 and 1000 times of muskmelon vinegar increased so value
added and income increased up to 100 won/kg, 1,079,000~1,137,000 won/10a,
respectively.

The results of extermination of vermin on muskmelons using muskmelon vinegar
and brown rice vinegar are as follows. In case of powdery mildew, diluted solution
with 500 and 1000 times of muskmelon vinegar and brown rice vinegar
exterminated thoroughly. In case of aphids, diluted solution with 500, 1000 and
2000 times of muskmelon vinegar and brown rice vinegar exterminated thoroughly.
Quantity and quality of muskmelons using muskmelon residual products were
higher than that of control ; weight, quality and Brix degree were higher to
degree of 35~44 g/piece, 380~490 kg/10a, 0.5~0.8, Brix, respectively.

Commercial yield of muskmelons using fertilizer from muskmelon residual
products was 117 compared to the control (100). Commercial yield and Brix degree
of muskmelons using fertilizer from muskmelon residual products made by &7}
increased up to 14~17%, 0.5~0.8, Brix, respectively.

Commercial yield of samples treated with fertilizer from muskmelon residual
products increased by 460~560 kg/10a (14~17%), and Brix degree and color were
so excellent that income increased up to 1,093,000~1,320,000 won/10a (24~28%).

_14_
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Fig. 1. Schematic diagram for concentrated muskmelon juice processing.
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Table 1. Experimental data on organoleptic properties of muskmelon juice after
heating and filtration under different conditions based on central composite design

for response surface analysis

Heating conditions Organoleptic properties
Exp.l)

No. T(ercn)p ' a?:le) Color Aroma Taste pa(l)azzrbillilty
1 90( 1) 20C 1) 6.5 5.0 3.69 4.50
2 90( 1) 10(-1) 5.83 5.33 3.50 417
3 70(-1) 20C 1) 533 5.67 4.67 5.67
4 70(-1) 10(-1) 6.33 5.0 417 5.00
5 80( 0) 15( 0) 6.83 55 3.50 4.00
6 80 0) 15C 0) 6.17 5.83 3.67 4.33
7 100C 2) 15( 0) 7.16 5.33 3.67 4.33
8 60(-2) 15C 0) 5.83 5.17 4.0 4.67
9 80( 0) 25( 2) 6.67 4.84 5.0 5.67
10 80 0) 5(-2) 6.83 4.33 417 5.00

Y The number of experimental conditions by central composite design.
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Table 2. Polynomial

for muskmelon juice

equations calculated by RSM program for

heating conditions

) Rt ) Signifi
Response Polynomial equation R
-cance
Ye = 17562411 - 0.159929X,
Color -0.802155X2+0.000390X 0.6422 0.3788
+0.008350X 12+0.0041 11X
Ya = -5.820060 + 0.150548X;
Aroma +0.680119X5-0.000473X 0.7519 0.2057
-0.005000X 12-0.008593X5”
Yt = 8416786 - 0.083429X,
Taste -0.127405X5+0.000546 X, 0.8553 0.0787
~0.001550X12+0.009686 X"
Yo 9.955327 - 0.097262X;
Overall )
o -0.150821X>+0.000628X, 0.7675 0.1840
palatability )
-0.001700X2+0.010861>

UX, : temperature (C), X : time (min).
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Table 3. Analysis of variables for regression model of dependent variables in

preparation conditions for muskmelon juice

F-Ratio
Heating
iti O 1
condition Color Aroma Taste Veré ]
palatability
Temperature 2.149 0.941 2.058 1.267
Time 1.185 3.819 5.786" 3.124

*Significant at 10% level.

Table 4. Predicted level of optimum condition for preparation of muskmelon juice

solution by the ridge analysis

Temperature Time Estimated
Response . ) Morphology
(C) (min) response
Color 94.95 21.64 7.62 (Max.) Saddle point
Aroma 63.14 20.38 5.66 (Max.) Saddle point
Taste 96.63 14.31 347 (Max.) Minimum
Overall o
- 97.18 14.55 4.13 (Max.) Minimum
palatability
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Table 5. Experimental data on separation ratio of clear solution, filtration time,
browning color intensity and content of carotenoid of muskmelon juice after
heating and filtration solution under different conditions based on central composite

design for response surface analysis

Heating conditions Dependent variables
i)

o T e Semmonso Fign PO Coe
(C) (min) (%) (sec) (0.D.420 carotenoid

nm) (mg%)

1 90( 1) 20C 1) 57.82 72 0.407 0.0043

2 90( 1) 10(-1) 67.18 63 0.499 0.0041

3 70(-1) 20( 1) 51.03 71 0.618 0.0037

4 70(-1) 10(-1) 73.08 80 0.340 0.0047

5 80( 0) 15C 0) 65.51 70 0.495 0.0034

6 80( 0) 15( 0) 66.01 65 0.493 0.0034

7 100C 2)  15( 0) 73.59 54 0.406 0.0066

8 60(-2) 15( 0) 76.67 91 0.557 0.0040

9 80( 0) 25( 2) 58.59 85 0.549 0.0038

10 80( 0) 5(-2) 74.36 7 0.496 0.0030

YThe number of experimental conditions by central composite design.
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Table 6. Polynomial equation calculated by RSM program for heating condition for

muskmelon juice

. . Signifi
Response Polynomial equatlonl) R’
—-cance

340.554137 - 5.429810X,
~6.854274X5+0.027713X,° 0.8025 0.1382
+0.063450X12+0.024034X5>

5
|

Separation ratio

of clear solution

) ) Yr = 306.889881 - 3.611905X;
Filtration 2
r -9.013095X+0.012054X 0.8452 0.0891
ime
+0.065000X 12+0.133214X5°
) Yp= -1.550304 + 0.026143X;
Browning 5
1 +0.141574X5-0.000008393X; 0.8664 0.0504
color
-0.001850X12+0.000376 X
Yc= 0.035704 -0.000771X4
Content of ~0.000413X>+0.000004561X >
) 0.8142 0.1240
carotenoid

+0.000005640X 12-0.000000820X5”

UX, : temperature (C), Xs : time (min).
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Table 7. Analysis of variables for regression model of dependent variables in

preparation condition of muskmelon juice

F-Ratio
Heating - -
o Separation ratio
condition ) ) . . Content of
of clear Filtration time Browning color .
] carotenoid
solution
Temperature 1.800 5.779" 8.604™ 4.80"
Time 3.988" 2.043 8.242™ 0.30

*Significant at 10% level; “Significant at 5% level.

Table 8. Predicted level of optimum condition for preparation of muskmelon juice

by the ridge analysis

Temperature Time Estimated
Response i ] Morphology
() (min) response
Separation ratio
of clear solution 65.11 8.32 83.52 (Max.) Saddle point
(%)
Filtration . ..
fime (sec) 98.57 11.29 55.53 (Min.) Minimum
Browning color
(O.D. at 420 66.45 22.36 0.755 (Min.) Saddle point
nm)
Content of 99.39 17.46 0.0064(Max)  Saddle point
carotenoid : : . p
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Table 9. Experimental data on concentration time, turbidity and browning color
intensity of muskmelon juice under different conditions based on central composite

design for response surface analysis

Pectinase treatment conditions Physical properties
Exp.” ) ) . Concentration  Turbidity =~ Browning
No- Viscomme - Time - Gelatin = ©OD.  (©OD.
£ min) - (mg?6) (sec) 660nm) 420 nm)
1 10C 1) 150C 1) 40( 1) 618 0.173 2.960
2 10C 1) 150C 1) 20(-1) 672 0.119 2.533
3 10C 1) 50(-1) 40( 1) 849 0.125 2.466
4 10C 1) 50(-1)  20(-1) 576 0.125 2.466
5 4(-1) 150C 1) 40( 1) 634 0.193 2.683
6 4(-1) 150C 1) 20(-1) 676 0.187 2.613
7 4(-1) 50(-1) 40( 1) 768 0.116 2.395
8 4(-1) 50(-1)  20(-1) 498 0.168 2.592
9 7( 0) 100C 0)  30C 0) 618 0.132 2.613
10 7( 0) 100C 0)  30C 0) 616 0.133 2.613
11 13( 2) 100C 0)  30C 0) 628 0.113 2515
12 1(-2) 100C 0)  30C 0) 725 0.133 2.683
13 7( 0) 2000 2)  30( 0) 676 0.129 2.657
14 7( 0) 0(=2)  30( 0) 660 0.133 2.223
15 7( 0) 100C 0)  50( 2) 704 0.149 2.992
16 7( 0) 100C 0)  10(-2) 716 0.193 2919

YThe number of experimental conditions by central composite design.
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Table 10. Polynomial equation calculated by RSM program for enzyme treatment

condition for muskmelon juice

. .1 2 Slgl’llfl
Response Polynomial equation R
—cance
Ye = 299.527778-8.243056X,
) +4.742917X2+4.931250X3
Concentration
) -0.149167X12-0.037500X 13 0.7749 0.1621
time (sec) 2
-0.159750X23+1.652778X,
+0.005100X5°+0.232500X 5”
Yr = 0.372757-0.007681X]
Turbidity -0.000333X>-0.011992X3
(O.D. at -0.000045X2+0.000417X3 0.7606 0.1867
660 nm) +0.000028X 23-0.000264X,”
~0.00000015X>*+0.00009625X 5*
Ys = 3.627882-0.079681X,
Browning color -0.000459X5-0.052179X3
(O.D. at +0.000177X12+0.002142X 13 0.8043 0.1164
420 nm) +0.000164X23-0.000389X

~0.0000173X5°+0.000306 X3’

UX, : pectin enzyme (mg%), X : treatment time (min) and X» : gelatin (mg%).
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Table 11. Analysis of variables for regression model of

preparation condition for muskmelon juice

dependent variables in

F-Ratio
Treatment
condition . . .. .
Concentration time Turbidity Browning color
Viscozyme 0.529 1.761 0.639
Treatment time 3.956" 1.575 4.540™
Gelatin 4.846™ 2475 1.762

*Significant at 10% level; “Significant at 5% level.

Table 12. Predicted level of optimum condition for preparation of muskmelon juice

solution by the ridge analysis

Treatment

Viscozyme . Gelatin Estimated
Response time Morphology
(mg%) (mg%) response
(sec)

Concentration 488.52 )
time (sec) 5.95 29.43 16.27 (Min) Saddle point
Turbidity 0.10 ]

(OD. at 620 nm) 4.40 24.09 39.72 (Min) Saddle point
Browning color 2.93 ]
(O.D. at 420 nm) 9.33 155.56 44,70 (Min) Saddle point
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Fig. 7. Response surface for turbidity of pectinase-treated muskmelon juice at

constant values (turbidity (O.D. at 660nm): 0.12-0.14-0.16) as a function of
viscozyme, time and gelatin.
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Table 1. Hunter’s color and organoleptic properties with the contents of liquid

fructose
Content of liquid fructose (g)
9.0 95 10.0 10.5 11.0
Properties
L 92.97 91.0 91.34 838.94 89.86
Hunter'’s
a -12.17 -8.02 -9.19 -6.31 -6.85
color
b 122.8 130.17 127.85 129.92 130.6
Color 5.0 5.7 5.0 5.7 7.0
Organoleptic Aroma 5.0 5.3 3.7 3.7 5.3
properties Taste 3.7 5.0 3.3 53 50
Overall palatability 5.0 5.3 3.0 5.7 7.0

(Muskmelon vinegar : 4 ml, concentration muskmelon juice

citric acid : 0.02 g, vitamin C : 0.04 g)

1 ml, honey : 05 g,
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Table 2. Hunter’'s color and organoleptic properties with the contents of vitamin C

tent of vitamin C (g)

0 0.02 0.04 0.06 0.08
Properties
, L 8915 9143 8973  90.06 89,53
Hunter's
1 a 536 898 646  -7.06 6,39
coor b 13146 12489 13077  130.16 130.79
Color 53 5.0 57 5.7 53
Organoleptic Aroma 5.0 5.0 5.0 5.0 7.0
. Taste 37 3.3 5.0 33 3.0
properties
Overall 37 33 5.0 37 33

palatability

(Muskmelon vinegar : 4 ml, concentrated muskmelon juice : 1 ml, honey : 0.5 g,

citric acid : 0.02 g, liquid fructose : 11.0 g)

Table 3. Hunter’'s color and organoleptic properties with the contents of

muskmelon vinegar

Content of muskmelon

vinegar(ml) 1 2 3 4 5
Properties
L 90.65 90.90 88.15 87.92 88.11
Hunter'’s
a -8.49 -9.55 -4.01 -4.33 -4.18
color
b 128.88 126.20 132.91 131.86 132.37
Color 5.7 3.7 5.0 5.3 5.7
Organoleptic Aroma 5.0 5.0 53 5.0 3.3
properties Taste 3.0 3.0 5.0 3.0 5.0
Overall
palatability 5.0 3.0 7.0 5.0 5.0

(Liquid fructose : 11.0 g, concentration muskmelon juice : 1 ml, honey : 05 g,

citric acid : 0.02 g, vitamin C : 0.04 g)
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Table 4. Hunter’'s color and organoleptic properties with the contents of

concentration muskmelon juice

Content of concentration

nuskmelon juice (ml) ) 5 10 15 2.0 25
Properties
L 86.41 85.03 80.95 80.88 79.43
Hunter'’s
a -4.68 -2.98 -1.03 -2.02 0.04
color
b 129.1 129.34 125.91 123.95 124.4
Color 3.7 5.3 7.0 3.3 5.0
Organoleptic Aroma 53 5.3 3.3 7.0 5.7
properties Taste 1.7 5.7 7.3 5.7 5.7
Overall palatability 3.0 77 5.3 5.3 5.0

(Muskmelon vinegar : 3 ml, liquid fructose : 11.0 ml, honey : 0.5 g, citric acid :

0.02 g, vitamin C : 0.04 g)

Table 5. Recipe of muskmelon beverage containing muskmelon vinegar

Exp. Material Recipe (%)
1 Liquid fructose 11.0
2 Muskmelon vinegar 3.0
3 Concentration muskmelon juice 1.0
4 Honey 0.5
5 Vitamin C 0.04
6 Citric acid 0.02
7 Muskmelon flavor 0.2
8 Refined water 34.24
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Table 6. Experimental data on organoleptic and physiochemical properties during
storage of muskmelon beverage under different conditions based on central

composite design for response surface analysis

Conditions Organoleptic properties
Storage Storage
Exp.
Temperatur Time Color Aroma Taste Overffﬂ'l
No. e palatability

C) (week)
1 50 6 2.9 2.1 2.7 2.8
2 50 2 2.6 2.9 2.8 2.7
3 30 6 3.4 29 3.0 3.3
4 30 2 2.9 2.6 3.0 3.1
5 40 4 2.8 2.5 2.9 3.0
6 40 4 2.8 2.5 2.9 3.0
7 60 4 2.1 2.6 2.1 2.2
8 20 4 3.3 3.2 2.7 3.1
9 40 8 3.8 3.3 3.3 3.3
10 40 0 4.0 4.0 4.0 4.0

Y The number of experimental conditions by central composite design.
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Table 7. Experimental data on organoleptic and physiochemical properties during
storage of muskmelon beverage under different conditions based on central

composite design for response surface analysis

Conditions Physiochemical properties
B
Exp.” Storage Storage Hunter’s color Cr(ﬁgn Content
No. Temperature Time intensity pH  of sugar
(C) (week) L a b (O.D.at (. Birx)
660 nm)
1 50 6 93.18 -241 2266 0.542 3.81 7.0
2 50 2 97.01 -2.05 19.08 0.385 3.72 7.2
3 30 6 8825 523 2222 0.306 391 7.0
4 30 2 9492 -293 16.78 0.358 3.79 7.2
5 40 4 96.03 -1.96 14.09 0.376 3.81 7.2
6 40 4 96.01 -195 14.09 0.376 3.81 7.2
7 60 4 91.04 -2.35 34.81 0.730 3.61 6.8
8 20 4 89.13 507 21.79 0.846 3.20 6.0
9 40 8 91.75 -3.32 21.93 0.348 3.77 7.0
10 40 0 9428 -827 31.68 0.468 3.57 7.2

The number of experimental conditions by central composite design.
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Table 8. Polynomial equations calculated by RSM program for muskmelon

beverage

Signifi

Responses Polynomial equationsl) R
-cance

Organoleptic Y1 = 4.185714 - 0.002381X; - 0.447619X>

color - 0.000179X,” - 0.0025X,X; + 0.070536X’ 0.9261  0.0222

Organoleptic Y2 = 4.158333 - 0.054167X; - 0.141667X2

aroma 1 0.001187X,% -~ 0.01375X,Xs + 0.076562X,2 0.9358  0.0169

Organoleptic Y3 = 2.341667 + 0.085833X1 — 0.400000X:

taste - 0001188X,” - 000125X,X + 00484372 9024 00060

Overall Y, = 3.219048 + 0.046786X; — 0.335119X,
palatability - 0.000804X:% - 0.00125X: X5 + 0.042411X5° 0.9026 00376
Hunter's color Ys = 74.835000 + 1.077333X; - 0.635833X5

L ~0.014038X;* + 0..355X: X — 0.179063X>"

n

0.8160  0.1218

Hunter's color Ys = — 13.358690 + 0.341524X; + 0.1280060X>
a — 0.4529X,% + 0..24250X: X — 0.243549X,>

0.7389  0.2243

Hunter's color Y7 = 77.766548 — 2.655048X — 7.645536X>

0.7878  0.1570

b +0.035265X4% + 0.02675X: X5 + 0.783192X5°
Browning
color intensity Ys = 2579595 - 0.097820X; - 0.145196X 08196 01176
(O.D at +0.001095X,% + 0.002613X: X5 + 0.004196 X, ' '
660 nm)
Yo = 1.557024+0.095560X;+0.129524 X5
pH -0.001108X:*~  0.000375X:X>-0.011138X,> 07371 02270
Cogltler;tr of V., = 3302857 + 0.180476X; + 0.034524X. 08704 0.0561
( ]frix) - 0.002089X,” - 0.008482X5" ' '

V' X, : storage temperature (C)

X, : storage time (week)
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Table 9. Predicted level of optimum storage conditions for the maximized and
minimumed organoleptic and physiochemical properties of muskmelon beverage by

the ridge analysis of their response surface.

Conditions
. Storage Storage
Organoleptic a8 ) & Estimated
. temperature time
properties response
(C) (week) Morphology

Max. Min. Max. Min. Max. Min.

Organoleptic color 34.27 59.98 7.83 4.18 4.04 2.13 Saddle point

Organoleptic  )one 5701 023 604 404 213 Miniimum
aroma
Organoleptic g e 2901 001 450 388 207  Saddle point
taste
Overall .
! 3676 5987 005 446 383 215  Saddle point
palatability

Hunter's color L. 4140 22.99 2.42 6.10 96.34  86.61 Maximum

Hunter's color a 5247 41.49 5.27 0.01 -1.22  -6.96 Maximum

Hunter's color b 59.86 36.17 448 422 3393 1372 Miniimum

Browning color

intensity 2083 3751 28 594 079 032  Miniimum
(OD at
660 nm)
ol 4226 2041 511 319 391 332  Maximum

Cont(enthggugaf 4317 2006 210 432 733 616  Maximum
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(, Brix)
0.65

Content of
infensity  pH  sugar
8.3k

(OD, at

329
033

660 m)
0.29%
045

color

Brown

Significant at 1% level

ok

152 425+

Hunter’s color

L
275 284 242

F-Ratio
410

Overall
5.06%
4.09

palatability
Significant at 5% level,

804

Aroma Taste
6.25%

820wk 1736wk 13,64

Color
5.36%

Storage
tempgrature
(C)
Storage
time
(week)
© Significant at 10% level, ™ :

Conditions

%

Table 10. Analysis of variables for regression model of dependent variables in

storage conditions for muskmelon beverage
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Storage temperature(C)
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Fig. 2. Counter map (top) and response surface (bottom) for sensory score on

color of muskmelon vinegar beverage at constant value as a function of storage

temperature and storage time.
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Fig. 3. Counter map (top) and response surface (bottom) for sensory score on
aroma of muskmelon vinegar beverage at constant value as a function of

storage temperature and storage time.
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function of storage temperature and storage time.
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Fig. 6. Counter map (top) and response surface (bottom) for Hunter's color L

of muskmelon vinegar beverage at constant value as a function of storage

temperature and storage time.
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Fig. 7. Counter map (top) and response surface (bottom) for Hunter’s color a
of muskmelon vinegar beverage at constant value as a function of storage

temperature and storage time.
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Fig. 11. Counter map (top) and response surface (bottom) for content of sugar

of muskmelon vinegar beverage at constant value as a function of storage

temperature and storage time.

_82_



P MR T PN 5
O N =
Jo iz 8 = ~ 5
T W ol ol XX =i
_ d oo T T T, S
S BT 5
Enﬁ ﬂ__lm ,m ﬂﬁ io &) . O_ [}
o}/ T o ~ o B X <
%o T B = M ® oW =
T M o< L = <o gt
ol Nt g [ =0 5
Mﬂ%%ﬂﬂu&?ﬂ g
I NI A g
2L L e @B R -
N X s W e m o g
o ow o o T T
Wl T om R oy g m
- = Z.o O T R 2
oK T T e 3
o}/ —_ 0
BRI m
boeow B oy 2
- ﬂﬁo o B3 Lf Mt =0 E..w ,mmﬁ ¥ m
I I e £ 2 5
o X ] +
e T " 8 &
"0 = 0 T +
o ) XK W T 28
0 ﬁ AN E.E - (O]
oy T i T B OB O = S
TR o m Ty o o 5 g
= R
S E Ry i
E..ﬁ —_— K _.ﬁ =0 o _XI# o
= < of DG SRS = 9
Aoi_ﬂoﬂomﬁ%ﬂm%@é ° 3
- o~
g T @y PO g E
Wy, T BT E g o 9
=T 4 (= p— o) wn ,_.,mo Wc =
G ) Jo 5 LN 5 O
N o) ~ W % 3 =
P %o oS A< T o el n S
T AR JoE M . g
a, T CUNN W jull o g
! HD. o < o N X —
Moo ™ il RoHo T o 3
go o W O W T R O F T g

1 407C)
_ 83 _

1 47, right

Fig 13. Storage test of beverage containing muskmelon vinegar and concentration
left

muskmelon juice (color test,
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Table 11. Hunter’'s color and organoleptic properties with the contents of liquid

fructose

Content of liquid

ctose (g) 25 30 35 40 45
Properties
Sugar conc. (°Brix) 48.6 49.2 51 51.8 52
Acidity (%) 2.99 2.95 2.63 2.55 2.42
L 80.3 79.6 83.3 89.3 91.1
Hunter’s
a -0.5 -0.5 -1.0 -1.7 -2.3
color
b 25.9 25.6 24.5 20.7 19.2
Color 5 5 7 7 5
Organoleptic Aroma 5 7 3 7 5
properties Taste 3 3 7 7 5
Overall palatability 3 5 5 7 5

(Sucrose : 15.0 g, concentration muskmelon juice : 5.0 ml, honey : 5.0 g, citric

acid : 0.8 g, vitamin C : 04 g)
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Table 12. Hunter’'s color and organoleptic properties with the contents of sucrose

ntent of sucrose (g)
5 10 15 20 25
Properties

Sugar conc. (°Brix) 41 49 50.4 54 56
Acidity (%) 3.10 2.62 2.58 2.44 1.93
L 80.6 83.3 84.9 35.8 38.4
Hunter's
a -1.0 -14 -1.7 -1.8 -2.2
color

b 186 18.8 24.5 30.2 30.3

Color 3 5 5 3 3

Organoleptic Aroma 3 3 3 3 3
properties Taste 3 3 5 5 3
Overall palatability 3 3 5 5 3

(Liquid fructose : 40.0 g, concentration muskmelon juice : 5.0 ml, honey : 5.0 g,

citric acid : 0.8 g, vitamin C : 04 g)

Table 13. Hunter’'s color and organoleptic properties with the contents of vitamin C

ntent of vitamic C (g)
0 0.2 0.4 0.6 0.8
Properties

Sugar conc. (°Brix) 50.4 52.4 494 50.2 52.2
Acidity (%) 2.17 2.33 2.42 2.69 2.84
L 64.9 65.3 63.5 64.3 62.0
Hunter'’s
a 0.76 0.48 0.55 0.46 0.73
color

b 26.2 26.2 24.8 25.0 26.0

Color 5 5 5 5 5

Organoleptic Aroma 3 3 5 3 5

properties Taste 3 5 5 5 3

Overall palatability 3 5 7 5 3

(Liquid fructose : 40.0 g, concentration muskmelon juice : 5.0 ml, honey : 5.0 g,

citric acid : 0.8 g, sucrose : 15.0 g)
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Table 14. Hunter’'s color and organoleptic properties with the contents of liquid

concentration apple juice

Content of Concentration
apple juice (ml) 0 1 2 3 4
Properties
Sugar conc. (, Brix) 49.8 51.0 50.8 50.6 50.6
Acidity (%) 2.37 2.45 2.72 2.50 2.50
L 67.6 67.3 66.0 62.9 63.1
Hunter's
a 0.12 0.19 0.51 1.12 1.32
color
b 21.6 24.3 26.5 29.1 31.2
Color 5 5 7 5 5
Organoleptic Aroma 5 7 5 5 5
properties Taste 5 5 5 5 5
Overall palatability 5 5 7 5 5

(Liquid fructose : 40.0 g, honey : 5.0 g, citric acid : 0.8 g, vitamin C : 04 g,

sucrose : 15.0 g)
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Table 15. Recipe of concentration muskmelon juice

Exp. Material Recipe (%)
1 Liquid fructose 40
2 Sucrose 15
3 Concentration muskmelon juice 5
4 Muskmelon vinegar 5
5 Honey 5
6 Vitamin C 04
7 Citric acid 0.8
8 Concentration apple juice 2
9 Grapefruit seed extracts 0.02
10 Refined water 30.8

Table 155 #5739 AXFAL scale upste] & scale upd 3AHAE
q
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Table 16. Experimental data on organoleptic and physiochemical properties during
storage of concentration muskmelon beverage under different conditions based on

central composite design for response surface analysis

Conditions Organoleptic properties
)
E;i:I TerSntherffure S”t[?iﬁie Color Aroma Taste Overrfjﬂ'l
(0)  (week) pelatability
1 50 6 1.6 2.3 1.8 2.1
2 50 2 3.1 3.3 3.2 3.2
3 30 6 3.8 3.1 3.5 3.5
4 30 2 3.6 2.9 3.7 3.4
5) 40 4 3.8 3.4 3.2 3.4
6 40 4 3.8 3.4 3.2 3.4
7 60 4 2.2 3.2 2.7 2.8
8 20 4 35 3.2 3.0 3.2
9 40 8 3.0 3.3 3.3 3.0
10 40 0 4.0 4.0 4.0 4.0

The number of experimental conditions by central composite design.

_91_



Table 17. Experimental data on organoleptic and physiochemical properties during
storage of concentration muskmelon beverage under different conditions based on

central composite design for response surface analysis

Conditions ) ) )
Physiochemical properties
B
Exp.” Storage Storage Hunter’s color Cr(ﬁgn Content Count
No. Temperature Time intensity pH of sugar of
(C) (week) L a p  (O.D.at (. Birx) colony
660 nm)
1 50 6 2391 3579 5886 3.068 405 566 ND.?
2 50 2 76.65 3.00 5241 1521 420 492 N.D.
3 30 6 84.05 -1.27 3019 0922 423 506 N.D.
4 30 2 8495 -069 2366 0807 422 498 N.D.
5 40 4 76.66 433 4518 1623 420 50.2 N.D.
6 40 4 7790 493 4518 1752 420 50.8 N.D.
7 60 4 2179 3526 65.07 3214 404 50.0 N.D.
8 20 4 8442 -060 2390 0386 424 498 N.D.
9 40 8 5458 2232 7657 0348 4.02 51.0 N.D.
10 40 0 8723 -091 1889 0.711 424 428 N.D.

Y The number of experimental conditions by central composite design.

? N.D. : No detect
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Table 18. Polynomial equations calculated by RSM program for concentration

muskmelon beverage

Signifi
—cance

Responses Polynomial equations R

Organoleptic Y = -0.986905 + 0.204405X; + 0.796429X>
Color - 0002045 X% 0.021250X, X2 — 0.010491X5° 08507 0.0834

Organoleptic Y = 1.389286 - 0.067381X; - 0.310119X>
Aroma - 0.000134X,* 0.015000X,Xs + 0.024777X5° 06187 04118

Organoleptic Y = 1.433333 + 0.096667X; - 0.225000X2

taste ~ 0.000750X. — 0.015000X,Xs + 0.0312520%,2 7498 02087

Overall Y = 1.035714 + 0.104286X: - 0.385714X:

palatability  — 0.000804X:%-0.015000X:X> + 0.011161X5> 08173 0.1203

Hunter's color Y = -43.154286 + 5684119 X; - 23.829881 X3
L - 0.058829 X;* ~0.648000 X; X5 — 0.358214 X, 0.9839 0.0011
Hunter's color Y = 77.742976 - 3.277393 X; - 16.461190 X;

a - 0.031833X,” +0.417123 X;X> + 0.381763X5° 09913 0.0003

Hunter's color Y = - 19.446310 + 1.058310X; + 3.489107 X»
b + 0.001379 X;*~0.001000 X; X5 + 0.237299 X, 08777 0.0576

Browning
color intensity Y = 0.717369 - 0.014369 X; - 0.076039 Xo

(O.D at + 0.000172 X12 +0.017900 X; Xz — 0.075114 X22
660 nm)

0.9210 0.0252

Y = 3860238 + 0.015429X; + 0.091905X>
pH ~ 0.000155X,%-0.002000X,X> — 0.004509 X2 09834 0.0012
Content of v - 49866667 ~0.041667X; - 0.175000X>

(f ul:%reil;) - 0.003000X;” ~0.082500 X1 X> - 0.262500X5"

0.8495 0.0846

b X; : storage temperature (C)

X, : storage time (week)
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Table 19. Predicted level of optimum storage conditions for the maximized and
minimumed organoleptic and physiochemical properties of concentration muskmelon

beverage by the ridge analysis of their response surface.

Conditions
. Storage Storage
Organoleptic a8 ) & Estimated
. temperature time
properties response
(1) (week) Morphology

Max. Min. Max. Min. Max. Min.

Organoleptic color 24.48 56.59 6.52 6.23 4.15 1.09 Saddle point

Organoleptic 4981 5531 051 657 420 236 Saddle point
aroma
Organoleptic 4556 5701 016 610 421 182 Saddle point
taste
Overall )
1 4720 5594 027 642 408 191 Saddle point
palatability

Hunter's color L  23.58 56.48 6.28 6.27 9775 -3.86 Saddle point

Hunter's color a 5570  22.96 6.48 6.09 53.82 -851 Saddle point

Hunter's color b 5327  24.02 6.99 160 7647 1290  Minimum

Browning color

int it .
1?0%52/ 5887 2645 533 694 354 -040 Saddle point
660 nm)

pH 21.00 5390 525 683 425 391 Saddle point

Cont?“EB‘I{I.fX)Sugar 5478 4774 669 031 5590 4219 Saddle point
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Table 20. Analysis of variables for regression model of dependent variables in

storage conditions for concentration muskmelon beverage

F-Ratio
Conditions Hunter’s color Brolwn Content
color
Color Aroma Taste a(l)\tie{)ail intensity  pH of
palatability OD. at sugar
L a b 660 m) (°Brix)
Storage

tem;()er:;lture 603° 080 183 3.06 63777 113457 5167 11737 4077 137
T

Storage
time 206 196 226 369 27497 62967 4407 373 4437 7197

(week)

* ! Significant at 10% level, ™ : Significant at 5% level, ™ : Significant at 1% level
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Fig. 15. Counter map (top) and response surface (bottom) for sensory score on
color of concentration muskmelon beverage at constant value as a function of

storage temperature and storage time.
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Fig. 16. Counter map (top) and response surface (bottom) for sensory score on
aroma of concentration muskmelon beverage at constant value as a function of

storage temperature and storage time.
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Fig. 21. Counter map (top) and response surface (bottom) for Hunter’'s color b
of concentration muskmelon beverage at constant value as a function of storage

temperature and storage time.
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Fig. 22. Counter map (top) and response surface (bottom) for brown color
intensity of concentration muskmelon beverage at constant value as a function

of storage temperature and storage time.
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Storage temperature

Storage time (week)

4.26

4.08

pH

Fig. 23. Counter map (top) and response surface (bottom) for pH of
concentration muskmelon beverage at constant value as a function of storage

temperature and storage time.
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of concentration muskmelon beverage at constant value as a function of storage

temperature and storage time.
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Fig 26. Storage test of concentration beverage containing muskmelon vinegar and

1 40C)

: 47T, right

concentration muskmelon juice (color test, left
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Table 1. Experimental data on physiochemical properties of muskmelon jam under

different conditions based on central composite design for response  surface

analysis
Conditions Physmche_rmcal
properties
Exp.l) .
Fructose ratio Musk-me Content Content Jell
No. of lon of of H Softness strenyth
added-sugar  paste pectin sugar b (cm/Kg) (o - cgm)
(%) (ml) (g) (, Brix) g
1 35 45 2.0 59.8 4.26 28.25 2.23
2 35 45 4.0 56.8 4.16 4.85 10.32
3 35 55 2.0 54.0 4.25 33.69 414
4 35 55 4.0 56.0 4.16 30.91 571
5 65 45 2.0 58.6 4.16 47.79 1.16
6 65 45 4.0 58.0 4.07 30.94 487
7 65 55 2.0 54.0 4.19 4558 0.70
8 65 55 4.0 56.2 413 43.75 3.48
9 50 50 3.0 57.0 4.23 32.75 1.32
10 50 50 3.0 58.0 4.23 39.65 1.39
11 20 50 3.0 57.0 4.15 33.08 4.45
12 30 50 3.0 58.0 4.08 47.66 1.65
13 50 40 3.0 61.0 4.00 26.37 447
14 50 60 3.0 54.6 4.18 45.20 1.42
15 50 50 1.0 56.2 4.15 26.97 0.40
16 50 50 5.0 58.0 4.05 12.24 12.46

Y The number of experimental conditions by central composite design.
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Table 2. Experimental data on organoleptic properties of muskmelon jam under

different conditions based on central composite design for response  surface

analysis
Conditions Organoleptic
properties
Exp.” Fructose ~ Musk-me  Content
no. adcrlggE) sggar pg)s?e pe(éftin Color Flavor  Texture  Taste pa(r)a‘g;ilﬂty
(%) (ml) (g)
1 35 45 2.0 6.2 5.1 5.4 54 5.8
2 35 45 4.0 55 5.3 5.1 4.6 53
3 35 55 2.0 6.0 56 52 54 55
4 35 55 4.0 4.0 44 44 53 49
5 65 45 2.0 6.0 4.8 4.0 4.3 4.8
6 65 45 4.0 52 5.0 4.7 6.1 4.7
7 65 55 2.0 6.4 6.1 5.0 6.0 59
8 65 55 4.0 49 5.3 5.7 6.0 5.0
9 50 50 3.0 5.7 5.2 5.8 55 55
10 50 50 3.0 54 5.7 5.8 55 55
11 20 50 3.0 45 54 4.1 54 5.0
12 80 50 3.0 55 5.6 59 5.7 5.6
13 50 40 3.0 5.2 4.6 3.2 4.3 4.7
14 50 60 3.0 4.7 5.3 4.8 4.6 4.8
15 50 50 1.0 4.8 5.4 3.6 48 4.9
16 50 50 5.0 4.7 51 3.1 4.8 4.2

Y The number of experimental conditions by central composite design.
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Table 3. Polynomial equations calculated by RSM program for muskmelon jam

Responses Polynomial equationsl) R Signifi
—cance

Content of  Y1=111.912500-0.072500X,-1.224167X5-9.970833X

sugar +0.000333X 1 X2+0.003000X,>+0.021667X, X3 09214 0.0105

(°Brix) +0.195000X5X5-0.100000X 5"
Y2=0.667847+0.001694X,+0.134167X2+0.0094583X 5

pH ~0.000128X%+0.000167XX2-0.001400X5> 08360  0.0751
+0.000333X 1 X5+0.001000X2X3-0.032500X 5
Ya=-0.522083+1.505500X +0.480667X - 27.427500X 3

(Scorflt/r}z; +0.004633X,2-0.034833X 1 X2-0.004150X> 09320  0.0068
+0.062500X1X5+0.891000X X 5-4.148750X 5

Jelly Y=32.001250-0.254042X - 1.235208X2+5.537708X 3

strength +0.001883X,%+0.001417XX2+0.015900X> 09300  0.0076

(g-cm) ~0.026417X;X5-0.186250X X5+ 1.268750X 5
5=-8.592361-0.087222X,+0.567500X+ 2.333333X 5

Color ~0.000611X,%+0.003000X 1 X2-0.006000X> 08281  0.0846
+0.003333X 1 X5-0.050000X X 35-0.075000X 5
Yo=-9.034028-0.177222X,+0.545833X 2+ 2.995833X 5

Flavor +0.00055556X,%+0.003333X X 5-0.005000X” 09065  0.0170
+0.003333X 1 X5-0.060000X2X3-0.050000X 5
Yo=-36.561806-0.203194X +1.649583X+3.214583X 3

Texture ~0.000889X,%+0.004833X 1 X2-0.018000X> 08275  0.0854
+0.020833X 1 X5-0.012500X5X3-0.612500X 5
Yi=-21.490278-0.138472X, +1.093750X 5+ 1.356250X 5

Taste +0.000055556X1°+0.001500X 1 X-0.010500X5” 07207  0.2620
+0.022500X 1 X35-0.027500X2X3-0.17500X5>
Yo=-10.263889-0.154861 X, +0.653750X»+2.289583X 5

paloazzrb?ﬂty -0.000222X,%+0.003500X1X>-0.007500X> 08122 0.1053

+0.000833X;X5-0.022500X>X3-0.237500X 5°

Y X, : content of sugar (%)
Xs : content of muskmelon paste (mL)
X3 : content of pectin (g)
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Table 4. Predicted level of optimum preparation conditions for the maximized and
minimumed physicochemical and organoleptic properties of muskmelon jam by the

ridge analysis of their response surface.

Conditions
Organoleptic Fructose ratio of Musk-melon Conten.t of Estimated
] added-sugar paste pectin
properties (%) (ml) (g) TESPONSE  Morphology
Max. Min. Max. Min. Max. Min. Max. Min.
Content of
sugar 4810 52.06 41.04 57.79 212 1.75 6148 52.36 Saddle point
(°Brix)
pH 4278  63.72 5142 42775 243 403 427 400 Maximum
Softness .
(cm/Kg) 7946 4052 4875 45.06 271 462 53.36 0.36 Saddle point

Jelly strength

41.97 63.00 46.66 4780 481 199 1325 0.04 Minimum
(g-cm)

Color 5832 3579 5396 5641 125 421 651 3.60 Saddle point

Flavor 66.43 5962 5643 4149 193 217 630 418 Saddle point

Texture 7293 3738 5449 5146 331 479 624 311  Maximum

Taste 76.22 5761 5151 4197 392 192 645 399 Saddle point

Overall

o 7319 4297 5565 5451 242 472 589 411 Saddle point
palatability
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Table 5. Analysis of variables for regression model of dependent variables in

preparation conditions for concentration of muskmelon jam

F-Ratio
Conditions Fructose ratio of Musk-melon Content of
added-sugar paste pectin
(%) (ml) (g)
Content of
sugar 0.39 16.68™" 3.29"
(°Brix)
pH 2.88 371" 3.97
Softness . s
. 11 )
(cm/Kg) 6.98 6 786
Jelly strength 2.92 2.02 16.45""
(g-cm)
Color 1.59 2.20 5.03"
Flavor 3.67 11.33" 6.48"
Texture 2.04 3.72" 4.65"
Taste 1.36 1.91 1.63
Overall .
palatability 1.44 3.07 4.29

* ! Significant at 10% level, ™ :

Significant at 5% level,

sokok
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Fig. 1. Response surface for sugar in muskmelon jam at constant values (sugar

55-58-61 “Brix) as a function of content of muskmelon paste(ml), fructose ratio of

added-sugar(%) and content of pectin (g)
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Conent of pectin (g

Fig. 2. Response surface for pH in muskmelon jam at constant values (pH

4.10-4.15-4.20) as a function of content of muskmelon paste(ml), fructose ratio of

added-sugar(%) and content of pectin (g)
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':.'nlﬂﬂlt of pectin iy

Fig. 3. Response surface for softness in muskmelon jam at constant values

(softness : 30-40-50 cm/Kg) as a function of content of muskmelon paste(ml),
fructose ratio of added-sugar(%) and content of pectin (g)
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Fig. 4. Response surface for jelly strength in muskmelon jam at constant values
(elly strength : 3.0-5.0-70 g-cm) as a function of content of muskmelon

paste(ml), fructose ratio of added-sugar(%) and content of pectin (g)
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Fig. 5. Response surface for organoleptic color in muskmelon jam at constant
values (sensory score : 5.0-53-56) as a function of content of muskmelon

paste(ml), fructose ratio of added-sugar(%) and content of pectin (g)
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Content of pectin (g

Fig. 6. Response surface for organoleptic flavor in muskmelon jam at constant
values (sensory score : 4.0-5.0-6.0) as a function of content of muskmelon
paste(ml), fructose ratio of added-sugar(%) and content of pectin (g)
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Fig. 7. Response surface for organoleptic texture in muskmelon jam at constant
4.0-45-5.0) as a function of content of muskmelon

values (sensory score :
paste(ml), fructose ratio of added-sugar(%) and content of pectin (g)
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Fig. 8. Response surface for organoleptic taste in muskmelon jam at constant
45-5.0-55) as a function of content of muskmelon

values (sensory score
paste(ml), fructose ratio of added-sugar(%) and content of pectin (g)
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Fig. 9. Response surface for overall palatability in muskmelon jam at constant

© 48-50-53) as a function of content of muskmelon

values (sensory score

paste(ml), fructose ratio of added-sugar(%) and content of pectin (g)
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Fig. 10. Photography of muskmelon jam
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Table 1. Operating parameters for ICP-AES

Model Optima 4300 DV, Perkin-Elmer, U.S.A
Frequency 40MHz, free-running

Power 1300W

Plasma gas flows 20 L/min

Auxiliary gas flows 1.0 L/min

Nebulizer gas flows 0.5 L/min

Sample uptake rate 2 mlL/min

Table 2. Wavelength of each element used in ICP-AES

Element Wavelength(nm) Element Wavelength(nm)
Ca 3179 K 766.4
Mg 279.0 Sr 407.7
Mn 257.6 S 181.9
4) =HWst @ F5E
Adds Fo FAA de FYE Aol Al Y1 E715 AAS FH, vt
AzZ o E7]E AAS tF FAE SA4sAT Zee] FHES AR Ao
& FA4% cmE YEtdo] 7] Y5 ZHol¢ vttt

5 9% ¥ pH W3}

2718 AAR Fee w7z Zol Az=E AM 42 9 drxE 9=
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Fig. 2. Muskmelon flower Fig. 3. 15th day after pollination

r. .

Fig. 4. 18th day after pollination Fig. 5. 21th day after pollination

Fig. 6. 24th day after pollination
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Fig. 7. Changes in weights of pickle during the soaking at 20C.
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Fig. 8. Changes in salt content of pickle during the soaking at 20TC.
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Fig. 9. Changes in pH of pickle during the soaking at 207C.
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Fig. 10. Changes in Hunter's color L value of pickle during the soaking at 20C.
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Fig. 11. Changes in Hunter’s color a value of pickle during the soaking at 20C.
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Fig. 12. Changes in Hunter’s color b value of pickle during the soaking at 20T.
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Fig. 13. Changes in jelly strength of pickle
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Fig.
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14. Changes in softness of pickle during the soaking at 20C.
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Fig. 15. Changes in hardness of pickle during the soaking at 20C.
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16. Changes in turbidity of pickle during the
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Fig. 17. Changes in Lactic acid bacteria of pickle during the soaking at 20C.
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p
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ppm, AAFel 357 ppm Tl AN, BAIHd = FFe] vEbbA] sk &
Mgk Frlde] ks Rl B od s S del M B 7U1E s UEY

om, 1 ggo] Add, AAA To2 YERT

Table 3. Mineral content obtained by ICP-AES analysis of deepsea water,

sun-dried and purified salts

(ppm)
Salt . o
Elements Deepsea water Sun-dried Purified
Ca 3510.0 1040.0 88.7
Mg 5890.0 8140.0 95.3
Mn ND" 4.4 ND
K 3120.0 2030.0 343.0
Sr 31.4 35.7 ND
S 6330.0 4260.0 8.5

UND (not detected) stands for the concentration that is less than the limit of

detection.
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Table 4. Organoleptic evaluation of muskmelon during salting with different salts

Organoleptic Soaking Salts
properties  time(days) Deepsea water Sun-—dried Refined salt F-value
salt salt

2 3.05" 3.20° 3.90° 2.56

Color 4 4.30° 3.00° 3.70°" 706"
6 4.00° 2.50° 4.00° 19.29°

2 3.10° 3.55° 3.10° 2.59

Flavor 4 3.20™ 3.50° 2.80° 2.85
6 4.50° 3.00° 3.80 18.78"

2 3.50° 3.55 2.90 3.04

Taste 4 3.70° 3.70° 2.90 6.33"

6 3.70° 2.80° 2.90 6.20"

2 3.60° 3.50° 3.30° 0.57

Texture 4 4.00° 350 3.30 2.79
6 4.00° 3.20° 3.10° 6.26"

2 3.30° 3.55 3.50° 0.75

Overall . a b -
Calatability 4 3.80 345 3.30b 5.55***

6 3.90° 2.50° 3.20 12.03

Ya~c means Duncan’s multiple range test for different salts
“Mean with the same letters are not significantly p<0.05, “p<0.01, ***p<0.001
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AN o, Table 694
Apple vinegar A
Apple vinegar B
Muskmelon vinegar
Brown rice vinegar
Persimmon vinegar
Lemon vinegar
Grape vinegar

Table 5. Organoleptic properties of vinegar prepared for production of muskmelon
Vinegar

pickles



Table 6. Recipe for production of muskmelon pickles

Materials Recipe (%)
Water 9.29
Venigar 24.49
Millet jelly 16.53
Liquid fructose 42.94
Sorbitol 5.00
Seasonings 0.02
Vitamin C 0.70
Citric acid 1.00
Calcium lactate 0.03
Total 100.00

Fig. 23. Photography of muskmelon pickles
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Zel ¥ B4 =42 Rheometer(RT-3101D, FUDOH, Japan)E ©]-&3}
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0915 viscosity
Elasticity 2 33] Hk& 2 A]35}% T}
Table 1. Level of muskmelon pudding mixture conditions
Levels
Mixture conditions
-2 -1 0 1 2
Glucomannan
contnet 0.03 0.06 0.09 0.12 0.15
(%)
Muskmelon
concentration juice 2.0 2.5 3.0 35 4.0
content (%)
Muskmelon
vinegar content (%) 05 10 L5 20 25
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Table 1. Experimental data on organoleptic properties of muskmelon pudding under

different conditions based on central composite design for response surface

analysis
Preparation conditions Organoleptic properties
Exp.l)
Cluco Muskmelon  Muskmelon
No. concentration  vinegar Mouth  Overall
content .. Color Flavor Taste B
(%) Juice content content —feel  palatability
(%) (%)

1 0.06 (-1) 25 (-1 101 65 528 520 567 5.67
2 0.06 (-1) 25 (-1 20CD 717 577 713  7.00 6.58
3 0.06 (-1) 35(1D 101 633 58 625 717 6.17
4 0.06 (-1) 35(1 20(C1) 742 517 575 650 5.07
5 012 (1) 20 (-1) 10 (1 717 6.00 575 633 6.50
6 012 (1) 20 (-1) 20 (1) 483 650 475 517 5.83
7 012 ( 1) 35(1) 101 633 647 57 617 6.17
8 012 ( 1) 35(D 20(C1 600 650 400 575 6.00
9 0.09 ( 0) 300 150 667 517 555 695 7.56
10 0.09 ( 0) 3.0 (0 150 650 550 575 692 7.55
11 0.03 (-2) 3.0 (0 150 717 600 525 417 4.25
12 0.15 ( 2) 3.0 (0 15(0 667 58 500 424 5.00
13 0.09 ( 0) 20(-2) 15(0 683 650 575 533 5.83
14 0.09 ( 0) 40 (2 15(0 633 600 675 617 717
15 0.09 ( 0) 300 052 733 600 550 650 6.00
16 0.09 ( 0) 300 252 650 483 400 467 4.50

Y The number of experimental conditions by central composite design.
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Table 2. Experimental data on physical properties of muskmelon pudding under

different conditions based on central composite design for response surface

analysis
Preparation conditions Physical properties
Exp.” Muskmelon Muskmelon
No. Glucomannan concentration vinegar Softness Jelly strength
co(r(l);e)nt juice content content (cm/kg) (g/cm)
(%) (%)

1 0.06 (-1) 25 (-1 1.0 (-1) 324.27 7.44
2 0.06 (-1) 25 (-1) 20 (1) 289.10 8.81
3 0.06 (-1) 35 (1) 1.0 (-1) 306.23 7.76
4 0.06 (-1) 35 (1) 20 (1) 262.56 8.96
5 012 ( 1 20 (-1 1.0 (-1) 167.39 12.88
6 012 ( 1 20 (-1 20 (D) 182.59 12.61
7 012 ( 1) 35 (1 1.0 (-1) 195.84 12.20
8 012 (1) 35 (1) 20 (1) 205.33 11.67
9 0.09 ( 0) 3.0 (0 1.5 (C0) 257.28 9.21
10 0.09 ( 0) 3.0 (0 1.5 (C0) 252.96 9.42
11 0.03 (-2) 3.0 (0 1.5 (0 373.80 7.21
12 0.15 ( 2) 3.0 (0 1.5 (0 170.82 12.86
13 0.09 ( 0) 20 (-2) 1.5 (0 32291 7.64
14 0.09 ( 0) 40 ( 2) 1.5 (0 186.85 12.46
15 0.09 ( 0) 30 (0 0.5 (-2) 242.21 10.92
16 0.09 ( 0) 3.0 (0 25 (2) 262.34 8.99

Y The number of experimental conditions by central composite design.
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Table 3. Polynomial equations calculated by RSM program for recipe conditions of

muskmelon pudding

) . ‘ Signifi-
Responses Polynomial equations” R
cance

Y = 6535191+26.874364X,+0.092427X-0.876131X5
Color +1.800425X, X5-32.713836 X X5+1.0085 79X X 08632 07
+51.030609X:>-0.307580X+0.178710X5”

Y, = ~8432787+86.993878X +4.858411X5+5.931696X
Flavor ~17.283970X Xo-2. 257862, X-0.881 887X X 0734 02%1
~180.712580X*0.396131X:"-1.150565X+

Ys = —1.596449+71.366125X,-1.418802X+9.171282X 3
Taste ~1.819002X:X> 39569182 X5-1.136604X:Xs 07282 02473
~156.137208X,°~+0.525812X,70.937094X5>

Yy = ~17.240812+204.847632X, +7.359968X+5,884180X 3
Mouth-feel ~16.735138X1X>-20.216981 X, X5-0.372075XoX 07111 02814
~711.498142X,°-0.847787X"~1.181393X”

Y = ~13.370087+167. 750444X, +4.963939X+7. 783758
~A5AA16X, X7 311321 X, Xy~ 045471 75X 08017 01201
56,3241 X,0.644172X,"2.009586 X5

Overall
palatability

Ys = 608.663678-5707 453083 +41.320018X5-29.403639X
Softness 827 571841, X856, 128931 X, X~ 1. 589057X X 08963 0025
+1424.873958X,>24.360908X, - 14905454

Y, = 12.376385+77.523102X,-7.208253X+0.169928X 3
Jelly strength ~13.030255X: X2 -29.672956X1 X5-0.381509X: X5 0.8651 0.04%
+333.339968X,°+1.65048%,+1.120024X5”

VX, glucomannan content (%), X» : concentraion muskmelon juice content (%), Xs :

muskmelon vinegar content (%)
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Table 4. Analysis of variables for regression model of organoleptic properties in

recipe conditions of muskmelon pudding

F-Ratio
Preparation
conditions Overall
Color Flavor Taste Mouth—feel .
palatability
Glucomannan 485" 0.98 3.20° 297 4417
content
Muskmelon
concentration 1.89 2.42 0.99 0.58 0.42
juice content
Muskmelon 6.86" 256 359" 1.28 312

vinegar content

“Significant at 10% level; ““Significant at 5% level

Table 5. Analysis of variables for regression model of physical properties in recipe

conditions of muskmelon pudding

F-Ratio
Preparation
conditions
Softness Jelly strength

Glucomannan content 10.28™ 744"

Muskmelon

concentration 1.55 1.37

juice content

Muskmelon 0.40 052

vinegar content

“Significant at 5% level;
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Table 6. Predicted levels of optimum conditions for recipe of muskmelon pudding

by the ridge analysis

Muskmelon

Gluco- . Muskmelon .
concentration . Estimated
Responses mannan . vinegar Morphology
(%) solution () responses
(%)
0.13 2.64 2.17 5.18(Min)
Color Saddle point
0.04 3.15 2.13 7.99(Max)
0.11 3.54 2.28 4.33(Min)
Flavor Saddle point
0.12 2.14 1.62 6.64(Max)
0.12 3.14 2.34 3.12(Min) Saddle
Taste )
0.12 3.64 0.91 6.94(Max) pont
0.14 3.19 1.95 3.81(Min)
Mouth—feel Maximum
0.09 3.17 1.25 7.23(Max)
0.03 2.94 1.54 4.26(Min)
Overall .
latability Maximum
ba 0.10 3.07 1.34 7.46(Max)
014 2.86 1.08 150.58(Min) Saddle
Softness ]
0.04 2.63 1.25 391.09(Max) point
0.04 2.65 1.18 6.26(Min)
Jelly strength Minimum
0.14 3.18 1.08 13.92(Max)
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Fig 1. Four-dimensional response surface on organoleptic color of muskmelon
pudding at constant values (sensory score : 55-65-75) as a function of

glucomannan, muskmelon concentration juice and muskmelon vinegar.
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Fig 2. Four-dimensional response surface on organoleptic flavor of muskmelon
55-6.0-6.5) as a function of

pudding at constant values (sensory score
glucomannan, muskmelon concentration juice and muskmelon vinegar.
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Muskmalon vinagar content (%)

Fig 3. Four-dimensional response surface on organoleptic taste of muskmelon
pudding at constant values

(sensory score

45-55-65) as a function of
glucomannan, muskmelon concentration juice and muskmelon vinegar.
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Fig 4. Four-dimensional response surface on organoleptic mouth-feel of
muskmelon pudding at constant values (sensory score : 5.0-6.0-7.0) as a function

of glucomannan, muskmelon concentration juice and muskmelon vinegar.
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Myskmalon vinegar content (%)

Fig 5. Four-dimensional response surface on overall palatability of muskmelon

pudding at constant values (sensory score 50-6.0-70) as a function of

glucomannan, muskmelon concentration juice and muskmelon vinegar.
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Fig 6. Four-dimensional response surface on softness of muskmelon pudding at
constant values (softness : 150-240-310 cm/kg) as a function of glucomannan,

muskmelon concentration juice and muskmelon vinegar.

- 187 -



Fig 7. Four-dimensional response surface on jelly strength of muskmelon pudding
at constant values (elly strength : 65-95-125 g/cm) as a function of

glucomannan, muskmelon concentration juice and muskmelon vinegar.
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Fig 8. Superimposed response surface for optimization of overall palatability and

softness of muskmelon pudding as a function of glucomannan, muskmelon
oncentration juice and muskmelon vinegar.
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Muskmelon vinegar cotent ()

Fig 9. Superimposed response surface for optimization of overall palatability and

jelly strength of muskmelon pudding as a function of glucomannan, muskmelon
concentration juice and muskmelon vinegar.
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A6 A Fe|FatE daEe] A
1L 75 3y

7h e D FAFJEA AA3E nAEY EE

B AAEE AT 9ddA dwrd oz AuiEa e el @ e At
5, 92 0y, 271, 4 58 T8t d9rER o] &3t i‘%/\]?i% a
1m7} S A dekste] 2 1gel 0.85% NaCl B 10mE 3 7hsh
ML nutrient agar (NA) % tryptic soy agar (TSA) ®vj%], WAL yeast

M
CAJ
1@
1%
)
ol

extract-malt extract agar (YMA)®] Aol 0.4% sodium propionate®} 25mg/ ¢ nalicidic
acidE % 7Fsto]l AME8FataL, *%01% PDA wjA & Ab&&te] z}zhe] wjA|ol 7]
YA s XS 100u” Z=Zstal Alet2 20C2 383, WA 30T 547, H=
o] = 28Tl A 7U3ZF incubatoroll Al v Fste] Zhzhe] colony FEl 2 A2, WAl BT
2 12 E7eta getdvdow JEjeA At W, 530l 2 24 sk

of Ab&etdth Fel Bl e RAbEel MAshs v AES A wiA e 2&=olA
&3t T 10% glycerol2 1ml¥ 538} A A7l cryo tubeo ZE vAE TS
Mol 2 ol HEAIZ & AAHAA(-196TC)ol Hstw Ao AL

lo o

i
o

Y.

=}

h=}

o] We4Y F%ol9 wj¥F

A4 FFolx= AW Collectotrichum orbiculare, B =v}

o m
ok
o
M

ok
4

Didymella bryoniae, B=ZAW+ Fusarium oxysporum f. sp. melonis,

1
Phytophthora capsici, ZZ W  Pythium ultimun (KCTC6481), g

=%
1> o 18 o

il
o

ok
4

Rhizoctonia solani AG-4, 31t Sclerotinia sclerotiorum 5% &

g3}, ety EY FAAed (KCTC), dEdistu FAES SolA
o] &3tHtt ol WMAA FFo] #FE PDA(potato dextrose agar) HJF oA 28T
10 o]/ vkt T agar blocks Hd SFFol 2ol 4T RASHA AFE35HS

7.

)
oloit

i

i
o2
it

(o]
S
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o gy ZRolo g APz

Zre]l WAA FFolo thE Ay ZAle EEdd HYdS o) X vl F(pairing
plate culture)ste] ASJAF] 7|2 FAFSIA T PDA HiX|o A 718 HUATA o
o

olg]& PDA WA Foll eelxa /PR 4300 =x2dd nAdESs & gy
HEsto] 28CollA 7~10243F wiFghs gt e] wArA el A4 A= (inhibition

zone)E FAsle] WA H clear zoned ZolE ZdgH S ehydTh

. fAEY T4

n A& o] FAL AA Bergey's mannual of systematic bacteriology 2] ®w el &=
sto] mA=o FEjshA, Wik, Ay - At 54 2AeH, F WA= v A
o] Maxule] Awhate] Aoz AF A= Microbial ID Inc.®]  Sherlock
system(MAES A%, GC : HP Co.,, 6890 series)o & T A3, AHAE 16S
rDNA sequence H o2 A3 th 16S rDNA sequence HS o 714 wo] A}
&t WHoRA vadt o] HAASAT. =, DNAS &8 3 Z2pol] ARERE Aok
% PCR kitE2 = TaKaRarH(E)e A& AMEEAaL, H719sddl= USBAHM
o] A gS F2 OAMEEY Y. PCRIF primer extension o] AF&¥ DNA
oligonucleotides= BioneerAH(gH=r)ell o]zt FAdstAth. o] wj%f
Hj A 2+ Luria-Bertani W A(LB ; Bertani®} Weigle, 1953)& AF&3}3 il o] wj %k
< HA wMFe A5 LB A A tFESA7 A A S-S 1%(vol/vol) HE
e 7IEo R shlal 30TolA 250 rpme® Igete] wiFsiiek. A wikel 4
- 30C Fd27]oA 59 widS 712 o® &9t} Chromosomal DNAS &% 2
A, DNA @39 &g %2 3|4 52 Sambrook 5(1989)¥ Ausubel 5(1995)e] 7]
%3 dukzel AW wEl 39t Chromosomal DNAY F3LS  heating
extraction methodE W& 3dte] thg3 o] AAIsSith. LB viA| oA th5=7]7h#] A
Aok 7 50 mE Fwrste] 10 me] TEG €5 425 mM Tris-Cl, 10 mM EDTA, 50
mM glucose, pH 8.0)°] 13] A3 T & 4F o 10 miol] HESATE o 7] 100
mg9 lysozymeS ¥il 37C XA 40 rpme®E A&stH 60 27 wk&3stich
Sde 10% SDS €4 1 mE #H7Fste] 70T x4 20 rpme = #Eroo] gholz
7hA] ok 1 AIZF A% F7FE 'Sk whgskSth. Lysozyme 3 SDS A2 ¥
2 §9S 10 me] PCIE A st o9 A AL @ ¥ ethanolZ2 &7 &
A1+ chromosomal DNAE A= Q7|A e ths AAdle] 70% ethanol= 13] A7

)
fx
i
o
f
ot

o

Kol
=

=

&l
=
—
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ol
m\m
2
Y

7 2 F TE 959 5 gol A AT. o detale] EAsH RNA
ol 7] f1skol RNAase AE 2 mg H7Fste] 37°CelA 30 &b vH-&ak3lar, Holsl=
Sl A AAs7] 98] proteinase KE 0.5 mg H7kate] 37Cel A 60
Atk o] #, proteinase®] FAHES Eol7] flste] SDSE  HEFEE 05% HA H7t
}9114 uk-g-o] Ewt chromosomal DNA &8 tiA] PCI AA AL 3 H ¢ A
A5 HEHoRE 1 mY TE o stz A7]|gEste e
DNAE A260 2 A280414 9 FF=E Alo] L H|[7F 1.8 o] o] HE=A
EE ASs9 o A260 #o 2= DNAS kS ALEsEth Agarose A A7]9 %5
Ausubel(1995)2] WHol] F=3te] AAJetAth URkdQl DNA #7952 0.8% agarose
AS AHE3FE AL, 500 bp HRFY] 22 TH MU FolE 2.0% agarose AS AME-3)
o] 05xTAE A719dEdoz A ecmd 5~10 Vo A¢oz H719EF 05 mg/ 4
EtBr &l 15 &3t A A 2o stell A d71gsdE #2338t 165 rDNA
@ FFo] PCRo|l AHgHA. Zash Zbzbo] AWk(5'-ACg ggC ggT gTg
TAC-3") @ 35 -gCC AgC AgC CgC ggT A-3') primers Frank %(2000)9]
el w2t 20 mer WeE @A PCR w2 tiAE 05 w(25U) Taq
polymerase, 10 @ Taqg polymerase buffer(x10), 10 2] 25 mM MgCl2, 6 2] 4
mM dNTP, 705 p¢ dH20°l 1 p0(100 pmo)] 4wk Zefejmel 1 x0(100 pma)] <
gk Zglolw 25 ng(chromosomal)o]y 1 ng(plasmid)®] 3 DNAZS H7psle] 2+
%L"ﬂ Z S AES 94T A 2 E7F denaturationdt L 52TColA 2 #7+ annealing 3
72T 2 #3F SIS A F G 94Tl 2 £, 60C 2 &, 72T 2 &9
cycles 30 3] WHE3Ste] A3ttt PCR AtE9] A7 Ee] AH LS Fofuto] A~
(&)l oFsted AAGAT. A7IAEe AEd HAS Ribosomal database

(http://rdp.cme.msu.edu/html/analyses.htm) S 53fo] A A &t}

{1

.

ol

(

¢

o

%

ot

a. 84 34&A

CM-cellulose &4 1% CMC7F &fH  AA4HeEE4(0.05M  NaHPO,~KHoPO,
buffer, pH 75)¢ 714 &% 05m3} T42H 05mS E¢sle] AegZolA 1A7F v
SAIZL & DNSHo = AAAdE 9IS 550mollA FFEHo= SAHNY a4
1 unit= 30ColA 187 A= LT 1 nnd= ALt

Protease?] &4 =42 Hagihara 52 WHE o] &3l o9} o] =43}

71 A8 125mM sodium borate NaOH buffer(pH 9.0)el 7] &<l caseing A3}

- 196 -



7] Al 0.6%(w/v)2 o] ARE-sEth 25mee] 7] A 8ol Tl 05ms ¥ 30
TolA 1083 w3 A7 L 25mle] TCA mixture(0.1M trichloroacetic acid, 0.22M
sodium acetate, 0.33M acetatic acid)& 7Fstal 30TCelA 2023 HAAZ %
whatmann filter paper(No.42)2 I A|A AL F5d 2mlo] 0.55M NaCO; &4, 5
mé2} 1IN folin reagent, INE 2FHZ H7lste] 30TColA 3023 A2 2 6600nm
A EFEHoer AU &4 1 units= 30TAA 187F 1 pg tyrosines A Aks}
= 240 Ho= Atk

Xylanase €454 ths¥ 2ol AAsATh =, 100 mM sodium phosphate
buffer(pH 6.0) 0.2 mloll EAN(EE ¥ ) 02 m2F 1.0% birchwood xylan &
gl (1 g2 birchwood xylan®] 80 ml & FFE 7Fste] 121TCelA 15 &3 autoclave
T A27HA] Wzhs o 100 M2 WHE) 04 mE Eete] 65TCoA 20 =3

% dinitrosalicylic acid(DNS)& < 0.8 mE 7}3fe] & A2Wk3S AR A7) vt
boiling water bathollA4] 10 &3t 7143 & Fdsty ASTHFF 24 mE H7)
3ol 546 nmol A FFEE SAHIAY. TATAAGYE 99 AN 1 Bl 1

mol9] xyloseol 4@dsle FLIFE Aisle G409 o=z Y

&

oo oo
12 >
o Y

v, ZFEAE oFE HAEst =24
g due A gA A AFAT F1E 3% FH 24%, v 12%E 712 H
H g2 o] ZAoF s 0~156% Hl &= §3ta o 7)o Ax3 vAEAAES 0~
10kg/ton S A H7Fste] & &3teta &3] 6m'(1.5m x 2m x 2m)<!
Gk kol Emu[Fe] Fdsidon, 271 HHsZL AP = Tl FEE A EY
WAl o2 S (Alr pump, 10L/min)3t™, T3 50-60%= =
TE d&ols WA or Hud ol Sl H7|dE Soke] HiEAoR
o HH¥= 71 A(turner)7F B S A H ] FaAsAA HulguE 550
m A Ao R o]ssty of 409 st HH|stE dAAsdo 1¥ 1(3H)=

ff
q
N,

o) Az T ddiste] ®HuE A xs=

Folu, 19 1($H)E AFE T 2
S Al sl A A Fe) HuE A &

- —L—
&t Hsgolth

N PN
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a9 1L A HEE 23 Huled 2 A A7 gl Ratbe 5] Az

By REE B4 §AE AIEHoR AAST F, FAAE 350meel EH
150 E &&ste] WA 11.3em =] 65eme EXEO] &5 of7]o] H4 i ZEFS
SagoF 717 3bmge] HEE AGEHE, FAAERE R AstAFY FEAES A
&3ttt FES A Y 2dd F FANE 74 £ 209 e =

= 2

k=3
e
>
Ho
ox
fuj
il
BN
>
P‘l',
£ W
,
=

of. Hu] o|g3dty 54 XA}
Hule] ZkF olstetd 54 FAb= v 2ol e FEFEFS AFHE Al
25 Ax7]ddA 105TeA 24X A xste] FA ZagForn FRIZFS Atsad
i, pHE ZAA 9 (1:10, Orion 920A), T-N+ Kjeldahl'} & o] &3t dA4/dwz 7
217] (Tecator Co., 1035 Analyzer)® #4135t om NH,-NE= A& 10gS 2M KCI
S0me = FE& thg ojzeo]l MgO 02~03ge H7bste] A7 da/admd 247=
71EE F3H {718 £47] (Shimadzu Co., TOC-5000A)% 4]
stal, & 'AE W 5(1998)9] W o ® kA (TOC=1.99 + 0484 OM.)E ©]

gatol WESHAT 1 9 Jre F48

5o
KeR
=

1 & <14k Vanadate®W, %ol FF%
ICP(induced coupling ion plasma spectrometer, Thermo Jerrel Ash Co.,
IRIS/AP)& 24 &}4]t).
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2 HHs A4 F uAE 42 4
Hulst Aol 271 A, A, AR BEs HEEs F

&tol 0.85% NaCl &l 3143k & 2k dejujA]o] =@ste] u2/4d32 55~60T
A 29U, T2/t 28~30CelAM 7L A7 wigste] dAE ERUE Ages
34 H 9y (dilution plate method) .2 ZAdtith. olwl T714 Atz wWaltel 7
9 egg-albumin agar Wi A&, APt rose-bengal agar ¥WiA (Martin ¥j#])E Ab&-
sk grEYol atstAre] WEE HE 1oAY e A9 MdujAd 34 &
grelS  Im®  ZAZ 57 AlEdel zFskol 28~30TolA 2897wt
Griess—Tlosvay Al 9F& 1~2W&S Alg 7ol "ojrmy] H A mi= Aoz WAy =
Algae] & sote b ArsHAlt e WE= opbHAt AbstAlTt AlFEiAE AL

§3te] WAool A ‘E%% Al FE detd EEES uUetll= W Hurley

K
)
i)
¢
¢

ojt

N
o
>,

e

o

=
i)
i

O
-
2
w
a
=2
X
—_
o
—_
=
e

12 3 XHE AgEHA FE 0110}34
# 8+ % ¥ (most probable number method) . & 753t}

k. ZFAx 4 FYFAE FEEHAY Ao I E Q] Al
el A 2 9 e RAHE R EE o Ao whE Fe] wE R A AP B F
ZAFSH7] 913 AlE-2 2001 1295 2003 8¥E7MA| A &
X 2 90m, =3 23m, 51 35m, Z°] 50m <l °oF
H ' &F- -2 ol A =38l vt

FAFEES ATAGNA dy AulEa e G438 AT e a2

(Cucumis melo L. var makuwa)s& $EZ(Cucurbita maxima)Z 1ol T3 3Fo] FA|

&kt
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¥ 1 E¥s 34 T uAE U BAS 3 uAdE 2 oexo 24
Microorganisms Media Composition(g)
Egg-albumin 025, glucose 1.0,
Bacteria & . KoHPOs 05, MgSO4 - 7THO 0.2
. Albumin agar
Actinomycetes Fe(SOy4)s3 trace, agar 15, D.W
1,000ml, pH 6.8-7.0
KQHPO4 1.0, MgSO4 . 7HZO 0.5,
) Rose-bengal agar peptone 5.0, glucose 10.0, rose-bengal
Fungi

NHj; oxidative bacteria

NO: oxidative bacteria

NOs reductive bacteria
&

Denitrifying bacteria

(Martin medium)

Ammonia oxi.

bac. counting media

Nitrite oxi. bac.

counting media

Giltay media

0.033, agar 20.0, D.W 1,000ml, pH 6.8

(NH2S0s 0.5, NaCl 0.3, KoHPO,
1.0, MgSO, - 7TH:0 0.3, FeSO; -
7H.O0 0.03, CaCO3 75, DW
1,000ml

KNO; 0.006, Ko:HPO4 1.0, MgSOy -
THO 0.3, FeSO4-7HO  0.03,
CaCl; 0.3, NaCl 0.3, CaCOs 1.0,
D.W 1,000ml

A) KNOs; 1.0, asparagine 1.0, 1%
BTB 5ml, D.W 500ml

B) Sodium citrate 8.5, KoHPO4 1.0,
MgSO4 - TH:O 1.0, FeCls - 6H20
0.05, CaClz - 6H20 0.2, D.W 500ml
A) + B) pH 7.0-7.2
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AATE L oAz 5ol wE FoFd % A Ader AT 44
]

T 159, 45 10¢ - 209 5 33| HAA FHHxE A w= 5000 A (Fe] A &=
40cc/E20 ¢), 10008 A (3] 2] Z220cc/=20 ¢ ), 20000H X (2] 2 210cc/=20 £ ) 0.2 2t

7} A2 st

AA RS Fef A xek wof E8o A Wals WA Zd AdeR AT
A1
A

WallE WAl 23] gHEEfA 34w 5009 <, 10009 <4, 20009 4 o] Fe] A xE A
Xaon, fidHEe T2 AT, JAGNERA didsoFe AT (S A%
oA, ARAE(RAT e F8A]) 5 dvjAte] FHwHel wpe Axsieh
A3 F S A FAEHY] Al G wE FelFd 9 A Ao mA A A7
v X7 AAAAA AFA F 2Ee Ao Agsid e, HE @S 400kg/10a
oz EYA st d&stdtt
o]l 37k AFe BT Y 4RtEo R AFFE Wit on, AFET o

S

>,

al

(0]

d
ﬁ‘
riet
o,
o]
o
ro

2

N~
=
o
o
©

2

= ¥R fTE a4 ey
(1:5) (%) (ppm) . A 3 g = (%)

= =1 -
B A A 6.2 1.2 300 0.85 49 1.7 0.09

449 60~65 20~30 350~450 0.7~08 50~6.0 15~2.0 0.13°]3}
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2. A75d e 2 AP

L A PEY A

e 9 FOFAEENE EEd 50oFe nAES ol&ate] FHe] AujelA 7}
2 FAZE S e WEvkEW Didymella bryonige, W=Z AW Fusarium
oxysporum f. sp. melonise& o2 Ag#S FASAL, 4 a4 AAFFE =
AbgE A3t 3 33 Zo] 50Fe EeE WAE FTolA Fo mAE 17FAA 27HA

HYdo] =2 Aol cellulase, protease, xylanase % Z+%
A vErE T olE F wElF AL-16, AL-19,
D. bryoniged ¥ ZHIHES 7MH o,

=22, GL-7& W=z A¥Td F oxysporum f. sp.

71Es walehe mEaAe Aqkg o

AL-22, GL-

AL-3, AL-7, AL-11, AL-19, A

melonis®l| =2 A= S 7FA 2 JAATH 3 celluloseE w3llste &2 cellulase

o] &Aool FetA YElE &85+ AL-19, AL-22, AL-27, DL-4, DL-5 ¥ 9|3

i, @S Easke proteased @4 =A 7HAAL U= TF= AL-16, AL-19,
ol

h
.J;
D
£
Iy
rlo
o
iy
o
g
b il
ok
e
rO

11, hemicellulosed] Y£9l xylang #33}= xylanased A S =74
7FA 2 Q& T AL-16, AL-19, AL-22, AL-24, GL-4, GL-7, DL-4 #F2 Y¥E}
ok A7) Adte] wel 2AE A3 o8 kA 23t b 53 3= AL-19
5 HF Adsdy. FHF Al AL-19% 39| ¥ ddA 504 E2EHAe

), 3001 F 9] Al oA 3 FHFE FEEHIAT
o £38F AL-199 48 2 E/IH 54 A

2o wao] ANeuA 4% §8& 54E AdSE f8F ALFE AL19 (2

Y 3)& Bergey's mannual of systematic bacteriology® W £3lo] m|AEo 3
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e wjFked, A - Astey 5SS FAME A X 49 o] colony HEH=
circularo] 32 B5w 3}l gram YA olH, A X ¥AE AL, ST AdE
7Ht FHE Ao, catalase} oxidase?] Aol o] Bacillus sp.o] Aoz F

g At

® 3 2y A= 4 % Bl v 2= a8 A

Antifungal activity®

. . L. Cellulase Protease Xylanase
No. MIDI identification (Similarity) D. F o

(units/m¢) (units/m¢) (units/mé)

bryoniae  melonis

AL-3  Pseumonas cepacia 0.756 + o+t 0.11 16 1
AL-6  Pseumonas balearica 0.886 + ++ 0.04 47 0
AL-7  Pseumonas putida 0.974 + +++ 0.05 19 3
AL-11 Pseumonas fluorescens 0.819 + ot 0.07 18 0
AL-16 Bacillus pumilus 0.800 +t+ ++ 0.33 109 18
AL-19 Bacillus subtilis 0.729 et ot 0.65 103 20
AL-22 Bacillus megaterium 0.892 +++ +++ 0.41 45 18
AL-24 Bacillus licheniformis 0.905 ++ ++ 0.29 46 16
AL-25 Bacillus lentimorbus 0.896 ++ + 0.37 87 3
AL-26 Bacillus cereus 0911 ++ + 0.33 93 3
AL-27 Cellulomonas fimi 0.783 - + 0.64 22 10
AL-28 Lactobacillus confusa 0.791 - + 0.32 54 0
GL-4  Streptomyces griseus 0.825 +t+ ++ 0.39 41 20
GL-7  Streptomyces sp. 0.793 +t+ o+ 0.29 29 20
GL-8  Actinomyces sp. 0.795 ++ + 0.17 13 17
DL-4  Trichoderma sp. 0.766 ++ + 0.63 87 19
DL-5 Aspergillus oryzae® - + 0.48 83 3

a) Antifngal activity was obtained from clear zone in pairing plate culture with 3
replications. Each phytopathogenic fungi and the isolated strains were inoculated
on PDA medium, the length between two strains were bcm. Observations were

made 7 days after inoculation on PDA at 28°C
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9. 3. w8 F No. AL-199] FArdAwW 4 &2

2= glucose, sucrose, inositol, arabinose, maltose, mannitol, xylose %<

FFE o] 83} o1} galactose, raffinose, ribose 59 @2 o] &3x Ert. V-P

ZAMNA FA, ureases AATHA EAen, MR EAbA = 54, glucosedl 4]

gasE AAEA Esle EAL 1A Yol Bergey's Mannual of Systematic
Bacteriologyol €A 3led Bacillus 2.2 31351t}

T A= AEL Alxee] At 207 AF FA 3= Microbial ID Inc.

9] Sherlock system®] WH oz 4% A} ¥ 5olA9 o] == CI150 iso, C15:0

anteiso, C16:0 iso, C16:1 wllc, C16:0, C17:0 iso, C17:0 anteiso® ©°]Fo]# Jom,

E A AR C15:0 iso (22.23%), C15:0 anteiso (43.06%) % C17:0 anteiso (13.25%)

7F ol E3Eol ASth o]2d A} Bacillus subtilissE EETT¢ 0.729¢] #9
A F 729%9 FAIES A= RHo R el ).

ARAE 2 & AL-19] 16S rDNA®] F2A7IMES 243 23 19 4

o e} 2ol 900bpe] A7IAEe] AAE NI ribosomal databasel A “dEdS A

3t A%, Bacillus subtilis (similarity 98.7%)% %4 ¥t}
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el
o~
H

2] 5 No. AL-19¢] A7 Als}s

e

S| _E./\é _;;L_/\}

=

The isolated strain

The isolated strain

Characteristics AL-19 Characteristics
Gram stain + Acid from xylose
Shape Rod shape mannitol
Spores Endospore raffinose
Catalase + ribose
Oxidase + maltose
Urease - Growth in 2% NaCl
Voges—Proskauer test + 5% NaCl
Methyl-red test - 7% NaCl
B-Glucosidase + 1026 NaCl
Hydrolysis of casein + Growth at 30C
gelatine + 40C
starch + 50C
tyrosine - 60T
Gas from glucose -
Acid from glucose +
sucrose +
inositol -
galactose +
arabinose +

Symbol : +, 909 or more positive;

-, 10% or less positive
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E. 5 HAEFSAARS Sherlock systemol] 23 E2]5 No. AL-19¢] 4

M bea MBtPege law t Comment: | Commest. 2

| 560 0863500 0086 ... 7.005 SILNEMTPRAK. ... i rt

L6656 300 0.0 . ' P min rt

1.5 O L. IR e { min Pt

.51 b ¢ R R tmnrt

S0 17 005 1000 123 LOIN.... .. 0.03 EQL deviates 0001  Reference -0,0M
fdB 158 0.005 0.9 L340 MOIN...... 0.5 B dewiates 0.000 Reference -0.0H
6.9 WE 0.0 0973 400 MO........ 0.5 EQL deviates 0.001 Reference -0,000
T B 000 0% AN 10IN...... 0.0 B deviates 0000 Reference 0,08
RO TAIT 007 0965 14TM 150 MTEISD . . . . ©.06 ECL deviates Q.01  Reference 0.000
L B 0002 0.9 1.9 150........ 000 BCL deviates 0.001  Reference 000
S50 5 0.0 09 154T OIS0, ..... L70 ECL deviabes 0,000 Reference .00
71 4D 000 09 15TRE lelwlbe ... .. 0.8 ECL devistes 0.001

012 %09 000 0R 15990 Bed...... . 501 ECL devistes 0.0  Reference -0.000

0.7 (%2 005 095 16387 IS0 IM:lalle ... 110 ECL dewistes -0.004
10,99 Th 003 0950 18477 S In Feature d . . 0.3 EL dewistes 0.000 17:1 150 L/MSTED B

1.0 [#606 0.0l 0957 16630 IT:0DN0,..... 940 DL dewistes 0.000 Reference -0.000
135 233 0.0 098 167D ITONTED . ... LB B devistes 0,000 Reference -0.00
13.5] Ml 000 099 18000 BR0........ Q.15 L deviates 0,000 Reference -0.00
HisH B R coo AMEDFEATRE 4 .. 0. IT:I IODNTELR 17:1 WTEISO Bi 1

Solvent v Total Area Nased Area 1 Momed Total bmst Mer hef E(L Beviation Ref L Shift

RIS TR TR 1000 16490 1 0.001 0.00

TORAN0 (e .00) BochLli® o oo v hvvni i na s 0.7

b licheriforwis* .......... ... 0.47 {Bacillus subtilis groeph

The Sherlock system consists of a gas chromatograph equipped with a flame
ionization detector, 5% methylphenyl silicone fused-silica capillary column (25m by
0.2mm), automatic sampler, integrator, computer, and CFA analysis data bank. The

isolates were analyzed according to the manufacturer’s recommendations.
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CGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGA
AAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCA
GAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGA
GGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCG
AAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAAC
GATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTANTGCTGCAGCTAACGC
ATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAAT
TGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCAACGCATTAC
CGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCC
CGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTA
CCAGGCCTTGACATCCAATGAACTTTCTAGAGATAGATTGGTGCCTTCGGGA
ACATTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCG
TGAGATGTTGGGTTAAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGTTACC
AGCACGTAATGGTGGGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAA
GGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCNTGGGCTACACACGTG
CTACAATGGTCGGTACAGAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCCA
TAAANCCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCG
GAATCGCTAGTAATCGCGAATCAGAATGTG

Strains Similarity (%)
Bacillus subtilis PM3 98.7
Bacillus subtilis SS9 98.7
Bacillus subtilis TKSP21 98.7
Bacillus subtilis PY'79 98.7

9. 4. B8 F No. AL-199] 16S rDNA 27144 (900bp)ol] ¢d A,

The PCR primer was R14 (5'-ACg ggC ggT gTg TAC-3') and R15 ( 5'-gCC
AgC AgC CgC ggT A-3'), The sequencing data (900bp) were analyzed from
ribosomal database (http://rdp.cme.msu.edu/html/analyses.html).
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ool 37kA A o T4 Ad FEVA=] AL-19 ¥+ Bacillus
AL-

subtilis® 53 %4719 Bacillus subtilis

ot ZrF WA FFold dE FATAH A}

B. subtilis AL-19°] o]gk 3¢ BAg I daeS A 43, £ 63 2o
AW Collectotrichum orbiculare] ™A+ 17mel ASAAAZHE YeEPNA 1,
At &8 Didymella bryoniae®| W3lAE 13mm, WEZRAHT  Fusarium
oxysporum f. sp. melonis®| W3l A = 26mm, G Phytophthora capsicidl WalA =
10mm, &E8 T Pythium ultimun®] 934 = 13mm, A W Rhizoctonia solani
AG-4° aiA = 18mm, 3+ Sclerotinia sclerotiorum®] WA= 17me] A3t
= skt oA ® thiEe] ®edtel] tiefA AT S UEHAH. 539

)
=
Fusarium %o 03 =2 3T 45 7HX 2 AN

X 6. B. subtilis AL-19°l 2|3t z}F WA FFolo vt dd gy A}

Phytopathogenic figi and bacterium Inhibition zone (mm)®
Collectotrichum orbiculare 17
Didymella bryoniae 13
Fusarium oxysporum f. sp. melonis 25
Phytophthora capsici 10
Rhizoctonia solani AG-4 18
Pythium ultimun 13
Sclerotinia sclerotiorum 17
F. oxysporum niveum 23

a) Inhibition zone were obtained from clear zone in pairing plate culture with 3
replications. Each phytopathogenic fungi and B. subtilis AL-19 were inoculated on
PDA medium, the length between two strains were 5cm. Observations were made

7 days after inoculation on PDA at 28C.
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ut. M ABES AP}
FelFabgol s Leld FE8vd= B
A8 5 O(Ea A10391364%) 2] WS &&3to] TSB HiA oA w &gk w8 &)t
)3} A = TR GAE A4 40%, 20%,
Fowe G ARs A7 5%, vHLARE T4 2 U3k & AA 1% wwk
° CToll A &gl 10% olst7t =

05%2] PVAE A& ste] F-E 393} 5}o]

S CINE LI

Hulsho] AT F VB olserd S4e ¥ 73 @gith AvA FHe
40.3%°1R 3L, A FFES 25%EA C/N&2 16122 w& ol v pHe=
8012 A7hel e vhe gt

E 7SS AR SR FI AR o]sety 5

. Total Total
Moisture ) C/N pH EC
(%) carbon mitrogen ratio (1:10) (dSm™)
(0} _ _ .
(g kg (g kg
60 443.3 275 16.12 8.01 20.1

Ab Ze FAE ZaEE Y HF A4 =4 &Y

— —

10kg/ton7kA] F7}sko] HMsteE & 4= *lﬁu‘%ﬂﬂ

| ol3k Eu]e] FRmE Aol
b st ke 98 9 vAEAA EFHES HAAEY ) o2 A5

o,
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FelHatE (%) A=A (kg) ok (Toks %)
0 86
0 3 97
5) 9
10 100
0 93
3 9
5}
5 100
10 9
0 96
3 100
10
5) 100
10 99
0 95
3 99
15
5 98
10 98

Hulst 7] A8 ¢ S 38%, w5 24%, W7 12%

I DIEMEEREIE TSR
Hulg ut FA BRq AAT FE 8% By 24%, 7 1%, Fel R

5 10% w&2 ¢t o7)d A7) B subtilis AL-192 AZ23 vnAEAAS
7valAl eFar Aze Hu|(C-1)¢ ESVAEAAE 1% FH7bete] Azxs Fn8(C-2),
ESHAEAAES 2% H7rste] Azxg HA(C-3)E AuE&s delste] dr)e 2
S WHeg Hulgsidh 3FF HulEs kR vE2A FAFE A4S AE

= 7} 3457, 3528, 34.37%= EFSEaL, f7]
She/A vl 2452, 32.21, 33.360.%, AAATES 141, 110, 1.03% = YEFRS

=
M, BE AQTIN BB FaEFgel PAT Hul FA7F AP

-z

- 212 -



T5 Hule pHE 2AM A3, EJGVARAEAAE H7FskA ¥i Az =
(C-D= 814, EGVAEAAE 1% #H7tsteod Axd FHH(C-2)= 825, EGHAEA
NS 2% H7retol Az Hu(C-3)= 8172 LEFtE Cardenas 5(1989)2 ¥ H] 3}
W% pHE wax7|e] asithrt 714 BalZ Qe kYol Fo s yro}
Aab desta #HFole <43 AA-E AA pHYE 7T~8 BEr "vka
Mori(1981)%= EH| 3} Z7]oll= pH7} 8~104 =2 453t x st En g7t Wdagge] uf
g f7)| 8] alsE B F71ak e Aite]l AAE O pHYE A A3 AsHE o

HEHOZ 6~7HAEY} Dtz 3G

ke
\~

9. Fate Hule Fd H7t

Standard c-1" C-2 C-3
O.M.(%) over 25 34.57 35.28 34.37
C/N ratio over 50 24.52 32.21 33.36
T-N(%) - 1.41 1.10 1.03
P205(%) - 0.88 2.27 2.52
K20(%) - 1.16 1.38 2.83
Pb(mg/kg) below 150 2.22 3.06 10.23
Cd(mg/kg) below 5 0.14 0.33 0.18
Cu(mg/kg) below 500 43.33 57.34 61.33
Cr(mg/kg) below 300 5.87 9.48 15.33
As(mg/kg) below 50 0.48 0.82 0.45
Hg(mg/kg) below 2 trace trace trace
Zn(mg/kg) below 900 127.69 199.11 177.25
Ni(mg/kg) below 50 4.32 5.72 5.38
W.C.(%) below 50 48.33 4754 4453
S.C.(%) below 1 0.42 0.67 0.55
pH - 8.14 8.25 8.17
EC(mS/cm) - 2.27 2.55 2.47

VoC-1, WAEAAE HAbeA @a Azd Fe|RatE Hu); C-2, vAEAAE
1% Z7bete] A Z23 ZoBALE Hu); C-2, MAEAAS 2% H7bste] Ax3 39
A M), O.M,, organic matter; C/N, carbon nitrogen ratio; T-N, total nitrogen;
W.C., water content; S.C., salt content

- 213 -



Az Hulo] F7=dF/HALHC/NS AR A3 C-12 3457, C2&
3528, C-32 34.37= Yelyth dnkxo=m Fuji<s 7)o A3s C/N2 25~35
FolH 2 O/NE&2 Hu3} £25 AAA7|L 2 O/N2 Aopd da &4 o

HAs YA G L o] 7] C/NE AA3] wF= Zo] FExAY A Hu| g
Q g

F% A4 A48T vk FARG} @ol WA} 150]5Hel Hule R
wet dart 44 WEIOEA At BYHs] Gk aet ONEol 15049 7
AR FARAC Baw Gt AW Aat PEgnz wgFd Eet

T At Hamiel 28 AdE frlES
=

T-N&S 1001 /Mg 55 58 HuzA o
C-201A4+= 1.103% 1.03o% thzx o H|3| FHo] %
g e RARS o & WEHN ] AL 98l
Hulssts glol o F28 Ao BuHU

2 Huj g AAGF nBES A2

ks
“

1) B. subtilis AL-195 x5}
EH g 52t B. subtilis AL-19% X33 P& 9o WstE A4S 43 1 10
ol et ket EH|st Ajgte] G astel wekA B. subtilis AL-19 ¢ L&A Al
T HHs YAAAE 2 G0 WHErh A gllov 2194 FHE HAs
AL 289 o] % 3wl o] F7hste] 3pAAel= Sujol Y Sk Wk T4 Al
T EHst AR RFE Be &F EAd oY FHustrt g t
AL olel wet T wAES] 7 FA43] Hadte] TdAds 1/3% A
Aol = 1/102 ZAsATH T 219 o] Fo= Ao AbE A

e
= Aletel Wel FI B2 Adem yestoy $2A WA dkes 4R

_ﬁ
=
4
%

>
Y
S

>~
=
o
Y
10
(e
ot

j s
5o Q= uAEe Axst 18 x 10° cfu/gol A 785 x 10° cfu/g o2 44w om}
S7kekel obF thE Fdom JEINTHE 11). AMSTe] REWstE i 120049 2
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AT Wk PP T As Qo] BAF PP ek
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hya

10. 5w 3 24

Thermophiles(x 10°) Mesophiles(x 10°, cfu/g-dry solids)
composting time(days) composting time(days)
0 7 14 21 28 35 0 7 14 35
2.8 34 5.7 2.7 6.8 15.9 36 11 3 0.7 2.0
% 11 vl A T Wdde dEws
Thermophiles(x 10°) Mesophiles(x 10° cfu/g-dry solids)
composting time(days) composting time(days)
0 7 14 21 28 35 0 7 14 35
2.0 34 04 1.0 4.2 16.6 18 4 110 390 785
& 120 Hujg BA F HFole] dEwst
Mesophiles(x 10°%, cfu/g-dry solids)
composting time(days)
0 7 14 21 28 35
0.2 2.6 0.0 17.8 177.6 788
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2) Ao vA=o B Hs)

3 1300 M 3 REo] AbspAlAt, ofH Al AbstAlt, AAS A AT 2 G H2 Hy
]
2]

3t Al7lel whel vA=e] ARE AR A, fhRuol AbshAlrte] "l A<l
g eyt fast oy Hulsk 27]el wa o) vhe AdE Helew 1
WEE 10100 MR ebkdvh @ obdAl Ashlar e BE prielA A3 AE
w2 ekt At @A Wy wuy Frisiglon, Hu|g 7|gte] A
FE4s 1 AEE 7R 947 £ AT

A3t Al mdE T f714re] AR AERAEE ] ds ARt 7]
of it Sv1gqtel ofste] TajETh Huste] AwAl= FEAZIEA o]A7]
= oEaEY) A g opuledt @d AE ol HalEizyl oW wio] we
wgolok Alxtel este] Zell7l o] FolY. frrlme] ZalHa wdo] Hol Hy] =
o eE7b wolAW, MABEE Py dudgaac ARF Ut AERAE
waletAl H=d 2ol #ojstE wAES A wddelth ol AaE v @

(cfu/g—dry solids)
NH; oxid. bac.(x 10°) NO; reduc. bac.(x 10°)

composting time(days) composting time(days)

0 7 14 21 28 35 0 7 14 21 28 35

428 3B2 123 40 22 1.3 37 4.2 36 54 56 33

B AT Aol M= e FAt

=l 2o A AurE o] A5k gro] 1Al
o Wall 7o SYekA ekt 5

A B. subtilis AL-19% A A3}
of Zrkstel B VAR Fo Wt

BAE 7Fed = dvkal £
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AAE 1% A4 NATE

= e

2ol mEstloy nAEAAE H7bskA @ txzTelM = 39 ol Fell 60Tt
A E=Eedth 2ol o= 2E=7F stobA] 20e] A Foll= 37-39C7HA &k Aetad
O S, 2R 2] 2d el 257F 65T/HA Attt A HH|ETE H4535 o F
A des s T Aeln, ado]l YEhe e #frlede] Atstet vE
2R 7ddE Astaa Aol o7 wdwtgol Iy AyrA o= 7|H
o FETEEs AL BUA VAES AEATIL JFREAE 28245 AT
v =2 V%S JHAe Aotk dnkd oz HAH EHu|sE 50-55To A dojdtia
tlaL, HH2=7F 70T olde] HH dFEel oy FavAgE] Aavo] &
sle] HustE dAAEds dvha dE A o
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E |
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2) pHe] W3}

st R T pHOl WatE A A 2§ 4049k o] dx ek AlET
R A sl fAREE AES dERdSlth s 345 27]dE vAao pH
b factE AgeR Hon 3 atsts MAMs pHZF S7bskslvh. B3}
1095 pHe| WatE Aol 85905 wdte] dAsA FAst 159 o] Fof
E ta 7438k 80-85 ¥o® tha Foui ATFS Urhggith o] 9ho]l Fu
3t 27lde frIEAEAA st FHAAAES fr7]abe] A EH pH7E °oFF ¥
ofxitii sh=dl ¥ AF Ad: 2 AFS vEhd molch Hujsh Hgo] g
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¢

mem
©
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o T 5
AAAA AFA Hulst FdS = F AT wEkA B A A pHYE 80 © %
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a9 4. 1) A5 pHel W3t
st gL vAEe] &Edd oste] frlEo]l o Eu|7F wrEoiZth H
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7h Ze Az BFd e FEA H ANY AF

2] Z 50000 <, 10008 <4, 20001 < 3]
A srd B AlY Ay, FEAAE vus) Bd Fl40 49 2ol AHES A
T 100%, #AT 99%E fFolAe] A, HFe HAT 337g/Mel wlE e
o P 375, 20008 ) BT 37002 FHe] A %
T7b 33~42g/70 TSk, FEES B F7E 3700kg/10a] vl e Az 5006

o
N P

3

T7F 4,160, 100008 A= 4,120, 20000 A= 407002 X x AFF BF
370~460kg/10a T o] FHAFE P4 10022 B u HQAx AF4 BF
110~112% <<% Ao}
%14, Fe A5 2 S
B n Algdyag e B g B H I F T T
= m (%) (cm) (cm) (g/71) (kg/10a) A
RIEAEY 100
500u) < k== 100 (100) 325 26.6 379 4,160 112
IR S 100 324
1000 & == 100 (100) 26.5 375 4,120 111
el A % 100
2000 < 7= 100 (100) 32.0 26.3 370 4,070 110
&+ 3 100 (gg) 31.7 25.9 337 3,700 100

2) FoMx #F M= FEA A

.
FI9x AN FEY 24 2

=l

= = o ﬂ]’, it 1501]}“]9’]' ZELO] %ﬁﬂ%% ETE‘ }\]@
TollA 2~3%% yEu EAelfe] gl FEe el 151, BrixQldl Hl )

oA 2 5008 Tl A 16.1, Az 10008 57t 159, A% 2000
wjel #9157, Brix2 #FHAx g4 IFE+ EF 06~09, Brixtb =3keH, A
EEE AT 8ol wel Az 500w #BFET 03, FelAx 1000u]e BFT
92, Fe4 % 20008} THFETF 90O 2~5%L} ol AEA o] FaArt Eak Al

AEE F94E 50009 R 10008 BT tha $5EkA ek o Wakol
2 glo] mE AGPTOIA S5
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= @ (kg/10a) g s F=
TY saa gEm©) AESS 5244 (9 (. Briv

e Az 4160 93 3,870 119 3 16.0
5008H & 5 ’ ’

U 4120 92 3,790 116 2 159
10008] o = ’ ’

U 4070 90 3,660 112 2 15.7
20000H & == ’ ’

T 3,700 83 3,260 100 3 15.1

B
LU}

a9 6. Al e g

@ AAE B4
o)A % BEFE= A po] HlE] A P wm=EdHo| ZyF B uwrel B8
T 7 gu R 230~460H 9/10a0] O FgebAl Hdo ® 17l e o] ez
BETANE o] BT H]%H 12~19% 5= A5, 53] 2z 50009,
10008 & T A= AdEA ol 43te] 1009/kg(15kg g A 1,5009) 2] F-7}7FA]
7b g o] @ el vs] A5o] 1,079~1,137: 9/10a(24~25%) & o = ATk,
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® 17. B A%

o A o TR L I

(kg/l0a) (U/kg) (AY/102) (AY/102) (AY/102) A%

oAz 3,870 2,100 8,127 2,426 5,701 125
s00uf e} g ’ ’ ’ ’

U 3,790 2,100 7,959 2,316 5,643 124
10000 4 #5 ’ ’ ! ’

AR 3,660 2,000 7,320 2,186 5,134 112
2000uH < 25 ’ ’ ’ ’ ’

e 3,260 2,000 6,520 1,956 4,564 100

Ao 7 23 whAet g3, w3k 59 1494 23 2
tA o7 23 WAE Ay F 183 Zo] 12 A 4910Y moF ¥ WAl &y
Al A

%‘ Rus
2 W gelAz - @AnAz 50009, 10009 54 AET BT 22 WA FI7)
e, J1e Ao A FelAz - @ulAz 20008 54 HxT, we A
302 th WA 37t Z=torw 5925 23 WAe] 3=
o] el4z 5000, 10000 54 AETAA S pAERoY FeA% - @
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S 153} 3 23 2y
44104 44204 5€415¢ 5¢425d
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i e 3 0 : 0
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T AR 1 ! 3 1
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Pt 2 0 2 0
3 ) Al = ufj o8
A 3 0 2 0
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e AT 6 3 4 1
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