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SUMMARY

. Title of Research
A Study on Development of Microwave Drying Process for

Agricultural Products

[1. Objective and Importance of Research
The objective of this research was to develope microwave dfying
process to reduce drying time and enhance quality of drying
products. The research is important in reducing cost, microorganism,
equipments, and increasing nutririve value, quality of product by hot

air and microwave drying combination or microwave vacuum drying method.

[I1. Scope and Contents of Research
1. Development of Microwave Drying Process Method
Determine of drying time, heating rate and quality of drying product

to develope hot air and microwave vacuum drying method,

2. Effect of Microwave Heating on Rice Flour
Investigate physico-chemical properties of rice flour subjected to

microwave heating,

3. Physico-chemical Properties of Agricultural Products after Microwave
Drying A

Enhance quality of red pepper, garlic, and onion after microwave
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drying.

4. Physico-chemical Properties of dried mushroom after Microwave
Drying
Enhance quality of dried mushroom after microwave, microwave and hot

air combination, and microwave vacuum drying,

5. Physico-chemical Properties of dried anchovy after Microwave
Drying
Enhance quality of dried anchovy after microwave, microwave and hot

air combination, and microwave vacuum drying,

6. Physico-chemical Properties of dried Korean ginseng  after
Microwave Drying
Enhance quality of dried ginseng after microwave, microwave and hot

air combination, and microwave vacuum drying.

7. Development of new food material(garaedog) after Microwave Drying
Develope a new food material(garaedqg) after microwave, microwave and

hot air combination, and microwave vacuum drying.

IV, Conclusion and Recommendation
1. Development of Microwave Drying Process Method

Optimum model was made from expression of KH= f and optimum algorism,
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Distribution of temperature on cavity had a uniformity by input power
ratio  and iteration. Impendence  was optimized by  wusing
3stub-tunner and directional coupler. Hot air and vacuum microwave
drying process method was developed from those results, The results
showed that microwave drying can be used for.agricultural'products to

enhance quality of final products,

2. Effect of Microwave Heating on Rice Flour
Quantity of microwave energy and temperature of rice flour were
increased as microwave heating time increased while water content
decreased. Water solubility index and water absorption index of rice
flour were increased as microwave heating time increased, Data of
proximate composition showed no difference between different heating
time. Absorbance was increased as heating time increased while maximum
absorbance was decreased. Transmittance was increased as heating time

increased and was drastically increased at 60°C.

3. Physico-chemical Properties of Agriéultural Products after Microwave
Drying
Water content and L value of garlic and onion were decreased as
microwave heating time and power of microwave increased, Water contents
of red pepper, garlic, and onion were decreased and quality of those
product '~ was increased -as power of pulSe' microwave decreased vwhile
drying time increased. Optimum condition of pulse microwave was power

level 2 (140%). Drying time of red pepper(water content 11%) was 80 min
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at power level 2 and there was difference for water content between
different position. Water activities of red pepper and garlic were
decreased after microwave drying and these results showed that it is
possible to be keep for a long time at room temperature, There was no
detection for microorganism and capsanthin content of red pepper still
was remained after microwave drying, Method that water content of red
pepper was droped into 50% by hot air drying and dried into 11% by
microwave drying showed good quality of red pepper. Therefore, those
results showed that hot air and  microwave drying or/and
microwave vacuum drying can be used for agricultural products to

enhance quality of final products,

4. Physico-chemical Properties of dried mushroom after Microwave

Drying

Quality changes(moisture content, color wvalues, enzyme activity,
amino acids, water activity, microstructure, niacin content and sensory
evaluation) of oak mushroom on microwave drying were determined. Water
content was decreased below 13% without shrinkage after microwave
drying, There was no significant different between microwave dring
mushroom and raw mushroom on color values, Scamning electron micrograph
showed less shrinkage and there was no significant changes on free
amino acids and niacin content after wmicrowave drying. Sensory
evaluation scores showed that microwave vacuum combination method was

the highest score,

- 192 -
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5. Physico-chemical Properties of dried anchovy after Microwave’
Drying
For the purpose of improving‘quality of dried anchovy, raw anchovies
were subjected to six different processes : 5 min microwave and 1 min
holding - 12 times, 10 min microwave and 1 min helding - 6 times, 5 min
microwave with hot air and 1 min holding - 12 times, 10 min microwave
with hot air and 1 min holding - 6 times, 5 min microwave vacuum and 1
min holding - 12 times, 10 min microwave vacuum and 1 min holding - 6
times at 100 Watt and 2450 MHz. There were no significant effects of
different processes on - water content, pH, color, -acid value and
volatile basic nitrogen. The sum of fatty acids on commercial anchovy
occupied 38.34% of saturates, 22.91% of monoenes and 22.91% of polyenes
and dried anchovies subjected to microwave processes had similar
compositions, Dominant fatty acids were palmitic acid and
docosahexaenoic acid in each process. Among the free amino acids,
alanine, arginine, lysine and leucine were dominant in all processes.
Dried anchovies showed little significant differences in texture in all
processes, Sensory evaluation data showed that the quality of dried
anchovy subjected to microwave process was acceptable and microwave

vacuum process was the most desirable one,

6. Physico-chemical Properties of dried Korean ginseng after
Microwave Drying
Quality changes(water activity, dielectric properties, content of

free sugar, ginsenoside content, microstructure, etc.,) of Korean



ginseng on microwave drying were determined., Water content was
decreased below 14% without shrinkage and water activity was 0,57 after
microwave drying. Permittivity(e’) was increased as water content
increased. Data of free sugars showed the 0,34 mg/g ffuctose, 0.36 mg/g
glucose, 12.77 ug/g sucrose, 0.64 mg/g waltose, Data of ginsenoside
showed the 0,70mg/g Rbl, 0.17 mg/g Rc, 0.12 mg/g Rd, 0.02 mg/g Re, 0.16

mg/g Rgl.

7. Development of new food material(garaedog) after Microwave Drying
Quality changes(water content, cooking properties, color values,
texture, microstructure, sensory evaluation of Korean garaedog
on microwave drying were  determined, Water  content  was
decreased below 14% without shrinkage, There was no significant
different between microwave drying and control on color values. There
was significant different between each treatment on soluble solid index
and time of restoration. Microwave and hot air combition treatment
showed a hard-compacted appearance and microwave treatment had a
uniform drying structure, Sensory evaluation data showed that microwave

vacuum process was the most desirable one,
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Major Unit Operations in microwave food processing.

Unit operation

Major objective

Food product

Blanching
Cooking

Dehydration

Pasteurization

Sterilization

Tempering

Inactivate spoilage enzymes

Modify flavor and texture

Reduce moisture content

Inactivate vegetative microbes

Inactivate microbial spores

Raise temperature below freezing

fruit, vegetable
bacon, meat patty
potato, poultry
pasta, snack food,
onion, Jjuice

rice cake, fruit

fresh pasta, bread,

meals
neals

frozen food




¥ 2. Typical Commercial Microwave Applications,

Application Frequency Power Tube size Conventional
(MHz) (KW) (KW) heat
Tempering
Batch 915 30 30 None
Continuous 915 80 40 None
Pasta drying 915 30-50 30-50 Hot air
Precooking
Bacon 915 50-300 50 Hot air
Poul try 2,450 50-80 2.5 Steam
Meat patty 2,450 30 2.9 None
Fruit juice 2,450 40 - Infrared
vacuum drying
Fish 2,450 - - -
sterilization
- 89 -
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Zraslel 3002 B 71d SHAlE o FEEYE 5858 LEhAYCh w2d
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efThal Jzpdo),

¥ 3. vlo]aEn} JtgA] AUIEe] £E 54

Heating sample Microwave Temperature Moisture
Time (sec) quantity(g) energy(cal/g) (TC) (%)

0 100 0.0 26.3 12.7
60 100 86. 1 74.9 11.1
120 100 172.0 91.0 9.1
180 100 258.0 104.3 7.4
300 100 430.0 135.9 5.8
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2. AIIRe] o] EA

LR QMRS ¥ 4o] UelWRol ntelagst st AlZe] met 2

= gen, +EAYYL molasst g A7) 27} wEE 8
on +EEIT ET FIHATL o Ade BAUSHL
3%

Sl
7o) ool 7 ANE HeRoU SEEANEE UAHE A

4, ololA RN} HEA] VRS ARPYE U o]3Ey Wi

3} 7 A 7te] Frtetw gragtin Bilsted At AHE He FHch
2 %

x}o]
F715t4

A

Heating Protein Ash Lipid WBC WSl Amax Absor

Time (sec) (%) (%) (%) (%) (%) (0.D.) ~-bance
0 7.14 0.43 0.44 190.23 0,32 624 0.473

60 7.14 0.43 0.44 216.42 0.37 621 0.463

120 7.14 0.43 0. 44 221.63 0.41 621 0.462

180 7.14 0.43 0.45 235.27 0.46 618 0. 459

300 ' 7.15 0.43 0.47 269.67 0.49 618 0,421
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Official Methods of Analysis.,

14th ed.,

Official Analytical Chemists, Vashington, D.C. (1980)

2) Anderson,
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R.A. : Cereal Chem 59, 265 (1982)

Association of
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(dichloromethane)g& 50ml%] 2-33 7}5ted 28} 2| ¥ t]EZE2HE &8 34

gt F¥ tEERHY Fof FeHEAUEE(NaS0)E 71sta A2ARE F o

w2 AYADAZ kg VtAFZnE etz F03te] 4%t onf M2

AL A}gZH:BP-1 Capillary column, £&%5:280C, -#¥b7|A:d4, FY
3

Sml, RZE7A:2A, HBE7]FID, FUVNLE:320C, ZAE27)25:

nb, 4 Arel(Capsanthin) &%
AR 412 1000gE 10001 &% Fehado] Y opAE 1000lS 7hsted

ol A 4417 Bob F&310] IHY 460nmofA] ol EE JELR FREE X

o R

=
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of ot F8 54
Azdyd 23 (2 7-

nlol 3 231l ZA
A nfolz BRI

L Ha
H

0) =¥ (power)o]
grarzloih, HA
| 2| AZ2AL power level 2(140w)E

—

PAR:E
[ S

T3

AT e

el

gt

7. A nlolagute] Alztzt ZAxof ulE

pover |
bZt  HueZk

Do)
™
[
o
j0b]
=

Lt azt b7l HueZt
-2.7 16,9 99,
-3.4 14.3 103,
-3.4 14,2 103.
9.9 107.
103
89.
100.

101.

81.7

76,7
76.7
71.8 -3.3
70.8

-2.7 16.9 99,
20.5 92,
22.7 93.
19.7 95,

81.7
81.4 -1.
81.4

80.5 -1.
79.8 -1.8 24.5 94.8
-0.2 21,

25 min 79.1 -1 19.7 77.6
20.8 94, 77.4

5

6

[ B e
[ B R N =

'

20 min

el ' BN o> BN &1 H S

-3.4 18,

-3.9 16

-3.5

-1.3 27.3 87.8
8

-4.3 18. 89. 4
21.5  88.9

(=R« > R & 2 HEN @ )
o O O

30 min 78.
98. 70.7

8
35 min 78.7 -2. 14,
g9 g8, 71.5

16.
13.9  95.8

N O

74,

40 min
45 min 74.4 -2
50 min 74.3 -2.2 13.8 94.1
55 min 74.3 -2.4 13.9 94.0
741 -2.4 13.9 940

71.4
71.0
70.4 -3.7
69.0

f
! 0o
N W w

60 min
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At

Fu
M

=z power 3 power 5
Al 2t
L3k agt  bzk  Huegk Lt azk byl Hue3k
27 81.7 -2.7 16.9 99.4 81.7 -2.7 16.9 99.4
5 min 81.3 -2.9 18.9 102.4 76.8 -3.7 19.9 99.9
10 min 78.2 -3.7 20.8 102.1 73.4 -4.0 19.7 101.4
15 min 75.7 -2.9 19.8 97.9 67.3 -0.1 30.0 90,0
20 min 74.6  -2.1 20.7 92.4 68.1 -0.6 28.1 93.3
25 min 71.5 -0.5 23.1 89.1 53.4 11.0 40.4 70.0
30 min 69.8 2.4 25.4 81.8 57.3 7.8 29.8 72.4
35 min 63.9 8.4 28.1 76.1 42.7 11.1 18.1 55.4
40 @in 54.6 12.4 29.6 60.8 29.8 6.0 7.9 47.7
45 min 58.6 9.4 23.1 63.3 206 80 9.1 451
50 min 55.4 10.6 24.6 60.1 20.3 11.3 9.5 40,1
55 min - 52.1 10.6 20.4 58.9 200 11.3 9.4 34.9
60 min 49.8 13.7 19.4 53.7 19.7 12,4 9.9 35.1
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Ak

Az power 7 power 9
Azt
L3k agt b3t HueZk L3t a3t b3t Huek
Z7] 81.7 -2,7 16.9 99.4 81.7 -2.7 16.9 99.4
5 min 73.8 -3.5 17.6 104.4 73.9 -3.6 19.8 102.0
10 min 73.4 -1.6 16.8 95,5 57.4 -7.6 27.4 65.4
15 min 64.6 4,2 29,5 82.2 29.8 8.6 13.9 53.6
20 min 40.1 9.1 16.8 56.6 - - - -
25 min 34.6 5.6 10.9 51.1 - - - -
30 min - - - - - - - -
35 min - - - - - - - -
40 min - - - - - - - -
45 min - - - - - - - -
50 min - - - - - - - -
55 min - - - - - - - -
60 min - - - - - - - -
Az F ek Wl Yoyt FH0l 2ay
- 119 -
H:OOIZ2ME0SSIsMENBEAETZHYNL AR AEARE DN/ R



E 8. WA ulolmEwlel Alzhz}

Hn =z power 1 power 2
Al 2
L3k agt bzt  Hue3l LZk azk b3k Huegk
EM 79.7 0.9 6.4 97.9 79.7 0.9 6.4 97,9
5 min 74.8 -0.8 3.8 102.2 76.7 -3.4 14.3 103.0
10 min 79.6  -1.1 3.6 106.1 78.6 -2.4 10.5 102.4
15 min 76,2 -1.1 3.4 104.4 70.4 -1.2 3.5 112.7
20 min 75.9 © -0.8 2.0 112.7 67.4 -1.5 3.4 116,8
25 min 77.4  -1.5 4.0 105.9 68.3 -2.1 2.3 132.1
30 min 79.5  -0.6 3.4 102.8 68.0 -1.5 0.6 161.0
35 min 78,9  -1.4 2.9 112.4 59.0 -2.8 0.5 190.0
40 min 79.8  -2.4 4.3 105.7 68.3 -1.9 3.4 126.4
45 min 79.8  -1.2 3.6 109.8 67.3 -1.8 2.5 139.5
50 min 75.3  -1.2 3.5 110.5 65.3 -1.7 2.4 138.5
55 min 73.5 -1.3 3.5 111.2 65.2 -1.7 2.6 136.4
60 min 70.3 -1.4 3.4 113.3 65.2 -1.9 2.7 134.2
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a x power 3 power 5
Al 2
L3k a3l b3t Huel L2k a3t b3k Huedl

7] 79.7 0.9 6.4 97.9 79.7 0.9 6.4 97.9

5 min 34.7 -1.3 5.7 102.9 78.4 -1.5 4.0 112.2
10 min 84.1 -1.3 4.2 108.1 74.3 -2.1 4.2 117.8
15 min - 78.2 3.5 3.8 114.6 70.1 -1.7 4.6 110.6
20 min 79.1 2.9 5.4 109.8 81.5 -3.1 8.8 109.9
25 min 79.1 2.4 6.3 105.8 82.1 -2.4 7.6 108.4
30 min 78.2 2.4 6.1 111.3 71.9 0.6 13.5 92.4
35 min 76.4 3.1 4.6 114.8 71.8 1.0 14,9 90.1
40 min 76. 4 -3.2 9.4 106.2 53.9 6.5 19.9 72.8
45 min 75.6 -2.4 9.1 103.9 49.1 12.1 30.4 ©68.6
50 min 74.8 -1.9 8.4 102.4 - - - -
55 min 69.1 4.9 22.8 74.4 - - - -
60 min 60.5 4.9 17.8 76.1 - - - -
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At

Az power 7 power 9
Al Z
L3t agt byt Huegl Lk afl b3t Huegk

27| 79.7 0.9 6.4 979 79.7 0.9 6.4 97.9

5 min 77.3 -1.6 5.7 114.8 75,6 -2.2 4.1 120.1
10 min 67.9 -2.4 5.3 116.2 74.2 1.9 20.4 88. 4
15 min 66.8 -0.7 1.9 109.4 34.8 8.6 12.8 58.7
20 min 75,2 -0.5 10.8 99.8 - - - -
25 min 45.8 7.9 12.5 60. 4 - - - -
30 min - - - - - - - -
35 min - - - - - - - -
40 min - - - - - - - -
45 min - - - - - - - -
50 min - - - - - - - -
55 min - - - - - - - -
60 min - - - - - - - -
- Az F ek "] Yoyt 2o ey
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£ 9. " o] AEzhe] A

5o utE

e

=z A Power 2 Power 4 Power 6 Power 8
2 7] 85.0

ntE 5 84.4 70.3 - 71.8 33.8
nty 7E 80,2 71.4 46.1 28.8
ohs 9% 79 4 53.3 2.2 13.8
ntsllE 57.1 28.8 20.1 6.6
njs135 79.8 33.3 16.9 6.0
Dhs158 80.6 46.5 16.4 1.2
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E 10, H& mlojagwte] A7ha} Zof npE 2F Azl MEeol w3
€ 7 L3 azk b3 Huelxyt £ F LI agk bgh Huel
Z 7] 34,6 331 14.1 22.8
1 40,2 40.0 20.9 27.6 2 34.3 345 155 240
-3 36.6 34.6 15.4 23.8 4 36.6 36.2 17.4 25.8
5 37.7 38.2 17,7 24.8 6 37.7 40,0 20,0 26.5
7 32.4 27.4 8.5 17.1 8 35.6 40.8 18.1 23.8
9 40.2 39.2 23.0 29.0 10 34.6 37.7 15.0 21.6
11 35.0 37,5 169 24.1 12 354 257 155 30.4
13 40,1 39.0 20.9 28.1 14 33.2 34.3 16,1 21.8
15 36.1 32.9 17.1 27.4 16 33,5 21.0 10,4 25.9
17 38.4 38.0 20.4 28.1 18 35.4 36.3 15,7 23.2
19 337 19.5 9.6 263 20 79.4 83 2.8 16.4
21 38.6 34,0 18.0 27.9 22 39,5 41.3 20,7 26.4
23 31.6 23.3 9,7 22.2 24 28.6 4.5 4.6 39.3
25 37.5 39.4 19,5 26.3 26 36.0 35.9 155 23.4
27 32.2 24.8 16.5 35.0
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B A (Pulse) mlo] 22y} £ 3 Z7 (power level 2)ol mhetd el Fo[HE=

wae] A

A2 9 A] Pover level 20 whE

F 11,

83, 4%

12, 34%

3}3]

7.50%

37. 8%

11, 60%

18. 9%

=2

4. MHZAH (power level 2)of mE

o}

Ax}g9lx] Power level 20 whd L3

0¥zt

39.130f4] 31.04%

od
|

Mzl 12}

Ae7l A% oH,

=]
29.840il 4 17.51 %

A 7ko] 80
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-
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%4,
2
1
1o
rE

¥ 12, Ax}golR] Power level 20f w}E T3] LXHtar

qz T+ & A =
Al Z+ (min) (%) L a b
0 34,52 29.84  20.64
5 73.87 39.13 28.71  21.94
10 73.37 39.08 28.63  21.74
15 ' 71.01 37.65 28.38  18.96
20 65.40 37.42 28.17  17.22
25 63. 69 33.19 25.58  13.95
30 © 58.31 33.08 25.56  13.49
35 53.25 32.78  '23.64  12.67
40 51,29 31.59 22.32 12.46
45 45.34 31.59 21.12 12,07
50 44,34 31.51 19.72  10.42
55 40.16 31.45  19.62  10.15
60 40.58 31.45 19.02  10.08
65 30.96 31.44 17.80 8.05
70 30.91 31.43 17.79 8.02
75 19. 46 31.41 17.73 7.64
80 12.34 31.04 17.51 6.10
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i

4

24

__l'ﬂ_
2t olx] Power level 2¢0f ulE Azxx ok

#HZA (power level 2)of whE 4

5.

It

2 UElYcH E 13).

=)

~

AxgQ1 2] Power level 20f uw}

3£ 13,

%}

A

(min)

Al

0.99
0.99
0,94
0.85

1.00

0.99
0.91
0.91
0.72
0.48

1.00

20

1.00

40
60
80

1.00

0,52

1,00
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6. #|HZ7A (power level 2)of whE JAtgl H&

Ax}e] Q1% Power level 2¢] whE AZE ufo]Z 23} 7ty FolX Capsanthin
3rero] mo] E|UOB(E 14) upolazm Az Fox 33 5T o &
& F7] A1Z ¢ Adrh
T 14, A=} elRA] Power level 20f w}E 139] Capsanthin T3

Az Capsanthin
A7t (min) (0.D. value)
0 2.73
20 2.66
40 2.06
60 1.79
80 1.57
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fu
T

A2 1A Power level 2¢f WE 13 Az F u[dEc] HAEHA Yo} HF

A= deo® UelKTtHE 15), whehd olo|agst Az Fo Algailol
theh A= AlFET AR oItk

15, Az} AUA] Power level 2o o}E 7=, oy},

U ige] 34 W (CFU/g)

Az & oFu} ohs
AlZF (min)
0 7. 5x10° 4. 8x10* 1.2 %10
20 ND ND ND
40 ND ND ND
60 ND \D ND
80 ND \D ND
ND ¢ No detection
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8. 4% W mfoja =Ry}l AR T 4 B
2Z9] npolagnt AR Fo 4F AR T ApojAl} FHately g dlal
EH mlojaEul AR F= & xolE vehr] ggert dEAR Fole &
e Hol EAo] ZA¥E Fog Ueiuth uwielA olelaE3 ARV EF
ZAzo] wls) ;e ofeutzl LHAES FASEUE £ o2 UHEHI
=
T 16, A&} Q)R] Power level 20f mwhE 31322] Capsacin, Capsanthin &3
u;;l 7'_:_]-13:11:
Capsacin Capsanthin e
(mg/%) (0.D. value) (0.D. value)
27] 58. 94 0. 792 0.078
AFHZ 32.36 0. 557 0.129
ofo] 20} A 52.26 0.785 0.109
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17.

1

Yy
EO

par!
g2
-

N
o

N

(min)

~

Al

21.37

33.29 29.94

51.45

29.71

20. 89

33.24

47,87

28. 69 21.01

32.96

45.37

10

18.39

28.27
27.38

25.15

32.74

41,01

15

17.83
13.59

13.17

32.61

37.40

20
25

32.29

33.69

24.62
23.83
23.49

32.45

30.31

30

12. 64
12,28

31.38

17.25

35

31.29

11.29

40
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A 2d g 9 Ay

1. A¥ajs
HX| AlEE ot of¥H3t Y8 WAE MaboA 5%2 HE LAZE
Helgt ¥ -30CE FE5548 T 20T AAst] Algslgdon jzxpe W

I

oM AILE G Qe ulE "HA(YE)E FYstT AMEstdch
2. Ay
7y Az
Bx]o] AZFE 45ToA 1417 308 GEFAR F ulo|ARTHMY), ufolaR

ThAE(MIH), ulolT 2Tt HF(MIV)Y AZWHE o] &3l 27 o5 58 A

- =1
£ 1 ZAAE 123 (MW5, MWH5, MWV10) % 108 AR 18 A& 63 (M0,

MWHIO, MWV10) ¥IEsle Wby oz Aelstadc) ojw] mlo]=Z:u} AZ7]= 100 ¥

o] &3} 2450 Wiz F3}e) A4A) A3 ol AR AZIE o] Estach

L o8 @y pH, o AlE W ME &3

2 phe 2 51 wyg o] gelel wWA
gl SFE 108 34 F homogenizerE o] &3l TAFAIZ F
Corning pH meter 2458 Algslo Fgslglon A £3"We A2E cHREE
Mg o] g3ted §AE 2&F F evaporator(water bath&E 50TH=)E o] &3}
o FAZ thE &Y 1g& oRZoE (1) E 208 832 F 1% v
Zekgel R Aok HUME T 0.1N KOHE Hgste] Fyeio s Aatsiacth 4

T 532 ARE vz, me], WAE 28 F B3t 40 pesh A E T33!
& Chroma meter(CR-200, Minolta, Japan)& o]&3}] L, a, b3l A1
t}.
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Tl VBN(3A @A) HY

S W7 A st Convay unitE ARESHe mjgEabg e Abgstel 2 AE
552 3ue] EL 343} homogenizerE 3£3F iyt ¥ 4% TCAE S
homogenizer@ TIA] 57b mwhah ¥ 387 wWx|sidch Al 2982 3000rpmof A
AAEEE T AEdS Convay unitd AMESt] Aol K0z 1mbs} Az 1

e Wi yale: 1/150N HCl 1mee Y& The 40ColA 9023 AT F

wWx AR A WAt 2L Lepage 6. S'V¢ W oR Mot F AR
1g2 tafron cap test tubed] il methanol:benzene(4:1) solventE 2ol 92

1
2=

T} acetylchloride 200448 Bl uHgsheE H¢b AjojurtA] U E Uugt
2 100°C heating blockol A 1217k S¢t ¥kgAlzict, ¥hg F Ad2ollA Bhx] 5}
* hexane 1mf, 6% potassium carbonate 5mé& il Z31ste] 3000rpm
7

of Al 1587 24223t ¥ bexaneZ-& £2|3to] Cas ChromatographyS o] &3}

2 A& 3go] Z2FSE 10n] FAgt A& homogenizer® 5E-7F muigt ¥
5000rpmoll 4] 3087t YA st AEAS Eelsle] ethyl etherE& T &

Jbst & mubsied  TCa, A, A Eg FAY £5& Eed AdeSid
t}, =g 0.2M Nacitrate $E9L 7R3 25mE BEHY F 0.4m
membrane filter® ojZ}ste] ofzlel 10442

olzl 50-60 mm TorrolA HzRs}YcTh of7]o] methanol:0.2N sodium acetate

2]5}tod water workstation?] gauge

mlm
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g:0

triethylamine(2:2:1) -&4& 30 F7Igt F 2 A=R3tgct AR A2 #

T3 Ale¥(methanol © water @ triethyamine : phenylisothiocyanate
(7:1:1:1))& 308 H7Heh T Af2olA 2027 BA]217] ¥ nethanol 304E &
718t ¥ water workstation®] gauge & 50-60 mm TorrofA] x| AZs}ec) v
2ES AME FAMA 20040 &3 F 104E 35to] HPLCRE £43s)alch ofu|

o] EH 22U Table 29F Zth

237
stom A ZZAL measure type @ measure force in compression,
deformation ratio : 30%, plunger type @ cylindrical type 6mm, sample size :

Z1o] 4-5cm, FA 2-3g, Speed : 0.5 mn/s E 3}

CHAY] HsAAE EEd sjded 27HOE ATl WA A EHa ES
o] 3, o]z, Fx, Ay, wWx SR g, Ayed £3 5 s
3 e 9 AEsIgia Al Aol Uiyt BA E4o= sas™g o) g
g FAMEAHE AT /83 xfols} I FEW Student Newman Keuls Testol
& A&7 HARAE Tt
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Table 1. Conditions for GC analysis of fatty acids

Istrument Hewlet Packard GC Model 5890

Column BP20

Oven temp. 170°C (hold time 5min), 2.5TC/min, 230T
Carrier gas Helium, 11 psi

Make up gas Nitrogen (30mé/min)

Detector Flame ionization detector

[njector temp. 240°C

detector temp. 250TC

[njection volume 0.5 gzl

Table 2. Conditions for HPLC analysis of free amino acids

[nstrument Water Associate Model 244
Column Pico-Tag
Column temp, 40 C
Eluent Sol, Pico Tag Eluent A, B
Flow rate 1.0 wl/nin
Chart speed 0.5 cm/nin
Detector Uv(254 nm)
Injection volume 10wl
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Table 3. Moisture content, pH, Volatile basic nitrogen, Acid value of dried

Sample  Moisture( %) _ pH_
Control 20.65 7,07
MWH 15,35 7.13
MW10 12.93 7.14
MWHD 20.11 7,15
MWH10 18.59 7.13
MWV5 16. 43 7.15
MWV10 12,74 7.16

anchovies subjected to microwave drying

“Acid value  VBN( mg% )
15. 60 15. 56
17.53 20,22
17.82 19. 44
15.17 18, 44
16.28 20.22
18. 60 16.33
17.14 17.89

VBN: Volatile basic nitrogen

MW5: Microwave drying 5 min/lmin holding - 12 times

MW10: Microwave drying 10 min/lmin holding - 6 times

MWH5: Microwave and hot air drying 5 min/lmin holding - 12 times

\WH10: Microwave and hot air drying 10 min/lmin holding - 6 times

VWV5: Microwave vacuum drying 5 min/lmin holding - 12 times

MWV10: Microwave vacuum drying 10 min/lmin holding - 6 times

Table 4. Color values of dried anchovies subjected to microwave drying

Sample

Control
MIS
MW10
»WH5
MWH10
MIWV5
W10

L

74.95
70.75
66. 48
67.36
71.73
68.38

a b .
©-0.86 11.1
-0.68 11.0
-0.63 9.7
-1.07 9.76
-0. 47 11. 49
-1.14 11.79
-1.23 10.81

MWS, MW10, MWH5, MWHLO, MWV5, MWVIO : Refer to the comment in Table 3
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palmitic acid, docosahexaencic  acid, stearic acid, oleic acid,
eicosapentaenoic  acidgolgth. 2z}  AZRWM 23] palmitic acide}
docosahexaenoic acid®] ko] wigronm plE Wiz zjé ol AR S ZAL
Eote] AHz2E Y Fole EFFIL 2015, 22:63} 2 REEZIPAANY] Feko]

—
W2 goleh shima'™™ T2 Az Fo AU 240l ol Ak

palmitic acid, oleic acid, docosahexaenoic acid, plamitoleic acid,
eicosapentaenoic acid®] ako] wlglriy W aslel B Azte} wj<sloiv). nlo)

A2 A2 F upE WA palnitic acide] @ako] thzo| njste] HAs| 7
o5

adhE A UPErEETE Takiguchio] ™ol o) nmEEapApgate bz}
784 &[(20:5/22:6)(20:5+22:6)/16:0] AEY A} 277} 744 woton o}
o|ARIVIF W mle|ARr} AF Az} uvlo]AR IR A1LIF WHECL e

& Lehdgdch

3. Selomla

ol5e  Hamel osbd wWxe Aolul:4te  arginine, glutamic,

histididine?] #2088 Zxisicin sldn 259 glutamic acid, aspartic

acid, leucine, lysine, alanine 22 R I3}git), & Ao "HXE njo)

Azu Az ol uiet AZ ¥ felopuealS 4% AIMe Table 80 Lig}
b

<
=
Z v 23] alanine, arginine,
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Table 5. Fatty acids composition of dried anchovies subjected to microwave

drying
Fatty  Control  MW5 MW10 MWHS
C14:0 7.125 6.079 6.542 5,539
C16:0 23,635 25. 645 25,230 24,219
C16:1W9 9. 065 5.140 5.534 4.840
C18:0 7.580 7.306 7.989 7,217
C18:1W9 7.125 7.647 7.853 7.080
C18:1%7 2.891 2,290 2.404 2.210
C18: 2W6 1.072 1.650 1.716 1.680
C18: 3¥3 0,747 1.310 1.394 1.480
C18: 4¥3 0,979 1. 430 1.439 1.730
C20:1W9 1.567 2.820 2.417 2.130
20: 4W6 1,877 1.783 1.667 1.945
20: 5%3 9,725 7.270 7.319 8.430
C22:1W1 2.266 3.940 3.437 2.690
C22: 543 1.000 0.760 0.745 0. 860
Czz:6¥3 23,346 24.930  24.314 = 27.950
TOTAL @ 100%
Saturated 38. 34 39.03 39,76 36.98
\onoenes 22.91 21.84 21,65 18.92
Polyenes 3876 39.13 38.59  44.10

MES, MW10, MWHS, MWHIO, MWV5, MWVIO . Refer to the comment in Table 3



(A<)

Fatty  MWHIO  MWV5 OMEVIO
acids %

C14:0 5028 5697 5,867
C16:0 22. 660 24. 446 26.003
C16:1%9 4,692 5.004 5,181
C18:0 7.156 7.615 7.603
C18:1W9 7.867 7.246 7.883
C18: IW7 2.164 2.342 2.287
C18:2W6 1,680 1.665 1.694
C18: 313 1,443 1.435 1,529
C18: 4U3 1. 552 1,820 1,715
C20: 19 3.145 1.048 1,353
20 446 1.684 3,942 1.884
20 543 7.839 8.163 8. 428
C22: 1W1 5,460 2.086 1.649
C22:5W3 0,833 0.859  0.859
C22:6W3 26.797 26,632 26.265
TOTAL © 100%

Saturated 34. 84 37,76 39,47

Monoenes 23.33 17.73 18.15

Polyenes 41,83 44,51 42,38
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lysine, leucineS o2 Uetyr) o5& Hxje 7o) BAgel & falo
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Table 6. Free amino acid contents of lipid in dried anchovies subjected to

microwave drying (mg/100g)

Free  Control  Mi5  MWIO  MWH5
amino acid

ASP 10.94  17.27 8.26 14, 41
GLL 69.55 73.98 43. 67 74.20
SER 30,60 28,61 10,25 26.76
GLY 62.03 71,87 44,95 66.10
HIS 8.41 9,72 6.33 8. 66
ARG 71.45 115.24 69. 20 86. 55
THR 40.67  38.01 23.12 35.12
ALA 148.18 148,54 94, 60 131,71 .
PRO 44.03  55.79 33.33 44.10
TYR 29.79  49.08 26. 90 33. 60
VAL 47.66  56.27 32,46 41,02
MET 20.71 35.85 25.05 28. 48
CYS 8.55 8.75 9.54 9.88
ILE 28.24 33,61 19. 40 23.15
LEU 61.10 79.08 46.12 53,05
PHE 39,58 60, 50 39,01 45,16
LYS 58.92  90.44  52.18 86. 57

Total 780.41  972.61  584.37 808. 52

MWS5, MW10, MWHS, MWH10, MWUS, MWVIO @ Refer to the‘comment in Table 3



Free MWH10 MWV5 MWV10
aminoacid
ASP 13.48 13.90 7.83
GLU 58.55 74,49 43.16
SER 20.29 22.40 7.89
GLY 58, 02 71.40 45,59
HIS 8,38 9,63 6.55
ARG 94. 56 88.84  51.59
THR 32.61 35,77 20,34
ALA 119,74 137.70  89.39
PRO 44.13 49.03  30.84
TYR 37.56 34.08  18.87
VAL 43.65 45,29  24.59
MET 30. 85 31.18  22.90
CYS 9,49 10. 00 8.95
ILE 25. 14 25.18  12.47
LEU 61.14 56.12  29.90
PHE 49.72 45,48  28.13
s 75,03 90.42 48,21

Total 782. 34 840,91 497.20

MW5, MW10, MWHS5, MWHIO, MWV5, MWVIO : Refer to the comment in Table 3
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Table 7. Texture of dried anchovies subjected to microwave drying

Treatment Springness _Mardness

Control 0.724

M5 0. 809
MW10 0,708
MWHD 0.714
MWH10 0.763
MWVE 0,727
W10 0,747

997.91
833.74
742,62
§21.68
845.32
832.12

926.36

342,31

Chewiness Gumminess Cohesivenesé

"364.58  432.76 0,412
375.52 467, 36 0.529
266.98 369. 93 0.494
376.75 526. 24 0. 408
298, 82 391.05 0.464
265. 89 360.10 0.432
454, 94 ~ 0.456

MW5, MWL0, MWH5, MWH10, MWV5, MWV1O : Refer to the comment in Table 3

Table 8.

microwave drying

Sensory evaluation

scores

of dried anchovies subjected to

Treatment Browness

Control 5.79°

MW5 4,21%

\§10 4,43

MWH5 4,79°
\§H10 4,50
VS 2.93°
AWV10 3.01°

Aroma

5.57%
5.50*
5.07%
5.43%
5.57%
6. 36

off

flavor

Firmness Chewiness

4.57° 579 636

3.86° 3,36
4.43°  5.14®
4.79° 557
5.07%  4.64%
2.86°  4.86%
3.86° 507"

Overall

Taste acceptabi

3.86°
4,79%
5.64°
5.00%
3.57%
5.00%
6. 64°

o tlity
6.07°  6.00°
6.14*  6.93%
6.86° 6077
6.36% 6,14
6.14%*  6.14%
7.00°  7.00°
7.14%  7.29°

abeyeane with column with different letters are significantly different

(P<0.05)

VW5, MW10, MWH5, MWHI0, MWU5, MWVIO : Refer to the comment in Table 3
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7h Az
Z(hot air)x 2] & microwave

2) microwave &} @Ex2] ¥ nicrowave

3) ¥F(hot air)* 8] ¥ nmicrowave & hot air

4) microwave &} WE X2 ¥ umicrowave & hot air

5) microwaved o|-&3%F AZ

7} 50°C,2A17 4% % nicrowave & hot air

}) 50,3417 &% F picrowave & hot air

T}) 50C, 4417t 92 F nicrowave & hot air

2}) 60T, 2417 ¥F F microwave & hot air

o}) 60C,3A1 7 €€ & nicrowave & hot air

H}) 60C, 2417t I8 ¥ nmicrowave

Ab) 60°C, 3412t ¥F F microwave

Uo#E wY, NE, 3 598 U SREHE 23
2 deldayos 2359n, M5 542 ARE 23 g &

A
T

o Chroma meter(CR-200, Minolta, Japan)& ©]&3}od L, a, b, hue, ChromaZ}<
gotgich % 532 AlEE ©7] A&(FX3000, AND, Japan)& °|&3}gion

EUES A2E AR 1070 10T FF5ol &ds] &2 F HA)A| 7] ulel
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HAL Aule] HHSlolM 2 Br1E AAYR F BAE FHst FA ux
7b lgulnhe] AZzkzle] A1zbE A AT SEEE FH L 25TolM #28A

%= & 7] (Novasima, EEJA 3, Swiss)

(i
L
oo
o
9
A
oﬁ
Eéﬁ
g

t}. Polyphenol oxidase activity &%
1) AAa](aceton AR o] 24| ):aceton powder ¥
Jh) FIawA RBAIE 50ge] lg polyethylene glycol(PEG) #6,0003}
aceton(-20°C) 300ml & 7}3ict,
L) blending A1 ¥ Zgtodzgic,
Th ¢ A% Fol PEGE AT A7j2aE 3¢ whEgic)
2) buffer solution XA
50mM sodium phosphate $+Z8( pH 7.0 , 25C ) A&
]ZT pe El{
10mM&] catechol (pyrocatechin)-& &d|gtc},
4) polyphenol oxidase activity & &3
b FEH A 2] aceton powder 1.5 g o 50mM sodium phosphate $3=2¥(pH

7.0) 25mlE 718 4TCoA A FEF F HAIE[(10,000Xg, 4T,

L) dd gt A5YE 2EALYoR 3Tt
oh) REAM Q. 2m! o 10oM catechol ©] -8-¥ 50mM sodium phosphate &
4 2.8mlE 715l 30°ColA 2087 w-gAIZIc,

U2 2= 249 thalo] 50mM sodium phosphate $+&ol.g A7

e

gt}

e

fijo

ol wf, Y 2%oA &4 Inml 7} 15 T 0.0018] TS E Z71A]F)

= AE FA 1 ouwnit 22 Yeljgcoh &, 1 unit = absorbance

N2EXH 0022 LE0SSsMENEATSTYNLEH A FEH AL DN/SEHT



0.001/min/ol & EA|steic),

7b) WEA RS FaWA Sgo] Z2H 50mlE JIstal Sudol A ozt & 30
BE7F (A EE(5,000Xg , 4C)8te] ArZofef 25% trichloroacetic acid

L) 1A ZE Sl W] Yol F otk tiA] 302 7 HAEE(5,000Xg
4°T) g}

th) AtEdoll ethyl ether & 7}3te] H EEo|A TCA AW, M4 F& AA
5t 2.8 50CoA s AlF]A 0.2 M Na-citrate $E(pH 2.2)&

B2 % 50nl EA 2AZT T o]E 0.2 un membrane filterZ o Z}FiT}
g}) oo 10 ux ¢ & Waters workstation®] gauge ¥ 50760 mm Torr ofjAl

o

ch.

=y
NI

2] methanol : 0.2 N sodium acetate : triethylamine & 2 : 2 :

2L 20830 £ ¢ B 50 mn Torr oA AR Tl

P V—"

uh) 2 ARH AR FEA A& (methanol : water:triethylamine
phenylisothiocyanate(PITC) = 7:1:1:1) 30 g ¢ & & 7}sto] kst 4
2014 10720 27+ AAAIZ] F ZUAZI nethanol 3048 HrY 2

qb & 24 Z3c)

p

T

AN AZELS AR A (P/N 88119, Waters Co., Milford, USA) 200 u ¢
of &3l -+ 10 p ¢ & #¥rL

2) HPLCE &4

FE 1ol UERE nle} e 27 dlollA HPLC 2 &4,

UH2=H 0002 WEVSSsMSHEA TS HANL AR AHSERL IN/SE R



¥ 1. Conditions for HPLC analysis of free amino acids

Column Pico-Tag

Column temp. 40 C

Eluent Sol. Pico Tag Eluent A,B
Flow rate 1.0 ml/min

Chart speed 0.5 cm/win

Detector UV(254 nm)

Injection volume 10 g1

o}, Uotal &

A 5g& 25}9] 30ml, 2N HSOiE 7stn FAEI F 458 5 60TE 714
% 5N NaOHE pHE Z422 %&rld FR4E w2 F&Uch &ds
SEp-pack Cig CatridgeolA] o 2}8}al Hyo:MeOH(80:20) 22 elutionA]# F &d4&
A o ztste] HPLCE E 104 eluent sol. & 5mM PICA reagent 22 CHA|3te

& 2ALE FA5tArt

A B ATsle] gold-polladium® @ HE Sl FAPAR{HD|R

(Scanning electron microscope)® n| AT ZE Hastaich

A}, XRD &3
Mg AAY oddE RS 9%t XRD(X-ray diffraction dector,

\odel, Rigaku D/Max-[11A, Japan)& o]&3lo] =83 AT 8 A3t
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=
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el (g% 50T, 34 7H)F microwave

A

F 2.

microwave A A%

271 €%

Treatment

3.15

3.34
2.24
3.31

5.07

10.57

2,27

3.70

8.17

3.19

5.10

10. 46

: microwave 7

2

1

nicrowave 108 ZAX/18 FAAE 6%

microwave 12

3

ANSEHOHOIZZ 0



g0

% 3. HAe (dZ 50T, 34 71)F microwave & hot air
Az ¥ S3d%(e)

Treatment 7] @% npicrowave & hot air A&F
1 10.66 5.12 - 2.85 2.79
2 9.72 4.51 2.34 2.48
3 11,94 6,14 3.34 3.05
T 4. AHe) (4F 50T, 34 2H)F microwave & FF

Az T2 FAAE)

Treatment 271 oF  microwave & T AHHF
1 18,17 10.64 7.39 5.14
2 18.08 9,57 6, 66 5.05
3 18.55 10.61 7.49 5.19

2 5 AAg (g% 50T, 4*]7})3?'— microwave

Az Fo] s

Treatment 27| ¥¥ npicrovave AXF
1 13.24 5,57 3.56 3.12
2 12.19 4.96 3.04 2.45
3 14,10 6.11 4,02 3.17
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X6 HAE] (IF 50T, 42 7H)F microwave & hot air
Az Fo FEL(g)

Treatment Z7] 9% nicrowave & hot air AAZE
1 17,17 7.42 4,88 4,35
2 15.31 6.52 3.73 3.45
3 . 16.20 7.26 4. 45 3.77

xz7 ) microwave & &

w N
<
@]

b
Rad
(=

Treatment 27| g% npicrovave & AT A ZF
1 18.76 9.01 6. 05 5.14
14,62 6.58 3.89 4,26
17.08 8.02 5.12 4,56
3 8. AT (9% 60C,2+7H)F nicrowaveZd 2 F 2] Fehd
Treatment 7] d=Z  picrowave AR
1 10.62 5.58 3.46 3.07
12.21  6.40 4.30 2.81
13.24 7.21 4,78 2.79
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¥ 9. AMAa) (P 607C, 28 7)F nmicrovave & hot air AR ¥ FHHH(g)

Treatment  RJ| = microwave & hot air 2] R
1 13.99 7.46 4.76 3,48
16,31 8.70 5. 64 4,58
15.50 8. 49 5.38 3.16

Treatment z7] g% nicrowave & & 2 A
1 14.31 8.04 5.30 4,32
2 13.48 7.48 4,32 3.89
3 15.27 8.82 5.81 4,74

Treatment 27 g= microwave A
1 13.53 5.24 3.31 2.89
16.48 7.42 5.26 4,09
3 16.35 7.03 4,79 3.93




Fu
M

FE 12, AAg (9F 60C,3A7H)F microvave & hot air AR T 2k sl(g)

Treatment 271 gE microwave & hot air 2| AF2
1 13.98 5.35 3.17 3.01
2 13.78 5.11 2.61 2.57
3 15.03 6. 45 3.73 3.10

F 13, "dAzg (dF 607C,3A12H)F microvave & 2F AR Fo ZekHil(g)

Treatment 27 g microvave & 2% & 2P
1 16.99 7.75 5.22 4.44
15.98 6.97 4.20 3.20
15.87 7.54 4,53 3.76
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2 wolzzut 7z o] WE ME @3
afol2 23} AR F 2 o] ulE Mz WHEHE Zia ofE ety ST
Az (£ 14-37), AubH o wlolazul Az whyel whet 7t FEE A R
Azbe] Am xpolzl FA| ¢fort tje) Af Life] Zadte A uehigl
T}, ojolaEm} FAZ why £ nlojazm 2F AZ whyel thE Az e H
sf Lgiol £& ZL0 Uthdel MAREs} 1% HE 2es tehgeh
14, AH(GE 50T, 34 7HF microvave AR F 2o Az My
Treatment L a b Chroma  Hue
{microwave83}> 46,18 6.03 14.77 15.96 67.69
{microwavebZ]> 42.90 6.37 14.11 15.43 65.74
{microwave5 %> 44,38 6.30 14.61 15.91 66.77
15 AAe(dE 50C,3A7H)F microwave TZE F o] T ¥
Treatment L a b Chroma Hue
{microwave8%]> 46,13 8.02 18.29 20.05 66.3
{microwaveBE|> 51.04 8.04 20.92 22.48 68.8
{microwave5&]> 47.82 7.57 19.24 20,75 68.8
- 171 -
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F 16, Az (Y% 500C,3A12)F microwave & hot air AR =
sel A= W}

Treatment L a b Chroma Hue

<{microwave83]> 43.87 6.1513.79 15.10 66.04

<{microwaveb]> 44,12 5,90 13.51 14.75 66.32

{microwaveb &> 44 .80 5,43 13.16 14.24 67.68

17, AAe (FF 50C, 34 7H)F microwave & hot air 2R &

the] ME Wi

Treatment L a b Chroma  Hue

{microwave83%> 45.22 9.27 20.05 22.18 64.9

<microwave83]> 48.30 8.14 19.46 21.13 * 67.2

{microwave53]> 45,35 8,57 19,01 20.91 65,2
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¥ 18. Axlg] (= 50T, 32171 F nicrovave & AF AZX F
Zhel T H3}

Treatment L a b Chroma Hue

{microwave8¥> 48.81 6.46 14.45 15,83 66.02
{microwave8&> 47 .61 6.44 14.22 15.61 65.70
{microwaveb53]> 47.96 6.39 14,82 16.13 66.80

¥ 19, #Az (% 50T, 327 F nicrovave & IF A& F

el M A3

Treatment L a b Chroma  Hue

{microwave83]> 56.75 '7.74 18.58 20.14 67.45

{microwavef ¥ ) 62.17 7.13 18.70 20.02 69.27

{microwave53]> 60.54 7.41 19.02 20.42 68.83
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% 20, A el (Y% 50,44 7H)F nicrovave AR =
zte] Az Wy

Treatment L a b Chroma Hue

{microwave83]> 45.73 7.45 15,75 17.42 64,68

{microwave6Z]> 45,96 6.26 13.47 14.86 64.98

{microwave5%]> 45,77 6.11 13.61 14.93 65.88

F 21, HAE (4% 50C,4A1 1) F nicrovave AR =

tje] M W

Treatment L a b Chroma Hue

{microwave8Z]> 49,73 9.41 19.58 21.80 64.18

<{microwave§3]) 46,72 9.12 18.53 20,72 63.59

{microwaveb3]> 49.77 8.56 18.92 20.82 65.77
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¥ 22, AAT (% 50C,4A17H)E nicrovave & hot air AZX F

Zhe] M=z}

Treatment L a b

Chroma Hue

<{microwave8%|>
{microwave6&])>

{microwave5E]>

45,99 6.24 13.32 14.71
46,83 7,40 15,24 16.96 63.96

48.76 6.16 15.04 16.26 67.77

64.91

23, AAza] (EF 50T, 44 7H)F nicrowave
the] Mz}

& hot air AX ¥

Treatment - L. a b

Chroma Hue

{microwave8%]) 52.62 8.56 21.00 22.81 67.64

<microwavef&]> 46,68 9.07 18.43 20.56 63.86

{microwave5¥]) 59.51 7.67 21.89 23.25 70.78
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24, A2 (YF 50T, 44 F microvave & JUF AR F

o) WEws

N

Treatment L a o Chroma Hue

{microwave8&]» 46.46 6.54 14.11 15.55 65,21
{microwave63]) 46,97 6.32 13,91 15.28 65.49
{microwaved 3> 48.35 5.90 14.42 15.59 67.75

X 25 AAel (9% 50T, 4+]7H)F nicrovave & 22 AR ¥

chel Aww s}

Treatment L a b Chroma Hue

{microwave8%])> 61.92 7.06 18.62 19.92 69.40

{microwave83]> 58.96 7.96 19.90 21.44 68.30

(wicrowave53]> 57.94 8.28 19.77 21.46 67.29
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B 26, AAe] (4% 60C,2A7H)F microvave TZE F
7k2] A5 )

Treatment : L a b Chroma Hue

{microwave8]) 43,67 5.83 13,59 14.81 66.29

<{microwaveb3]) 45,96 5.99 14,41 15,62 67, 34

{microwave5E]> 41.39 6.55 13.05 14.60 63,38

X 27. AA e (% 60T, 2412 F nicrowave AR F t]e] Mz H3E

Treatment L a b Chroma Hue
{microwave8 > 46,77 8.59 19.44 21.31 65.96
(microvavebE]> 50.15 7.89 19.63 21.24 67.86
{microwave5%]> 44 04 9,62 19.26 21.58 63.26
- 177 -
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At

F 28, AAg] (9 60C,2A17HF microwave & hot air AR F

7o AE W

Treatment L a b Chroma Hue

<{microwave8%|> 45.16 6,13 13.29 14.64 65.21
{microwaveb]> 51.32 7.0517.87 19.22 68.57
{microwave5%]> 45,95 5.92 13.95 15.15 66.96

F 29, AAE] (% 60T, 24 )% nicrowave & hot air AR F

the] Mlx 3

Treatment L a b Chroma Hue

{microwave8&]> 48.49 8.99 20.39 22.33 66.23

{microwaveb ) 58.14 6,73 21.97 23.04 72.99

{microwaveb ) 48.22 8.19 20.50 22.10 68.19
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F 30, AAz2 (9% 60TC,24ZHE microwave & I AR ¥
zke] A= st

Treatment L a b Chroma Hue

{microwave83]> 51.41 6.54 16.78 18.03 68.70
{microwave8%]> 47.98 6.94 16.50 17.90 67.27
{microwaveb3¥]> 51.65 6.93 17.77 19.09 68.68

2 31, HAAE (dF 60T, 247 F picrovwave & IF AR &

chel A st

Treatment L a b Chroma Hue

(microwave83]> 60.61 8.29 21.63 23.17 69,09

{microwave6%|> 62.06 7.85 21.34 22.74 69.89

{microwave53]> 64,80 7.57 21.57 22.88 70.92
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H 32, AAz] (FF 607,34 7HF nicrovave 3% &
7te] M= w3t

Treatment L a b Chroma  Hue
{microwave8§3}> 46,25 6.71 14.50 16.00 65.04
<{microwave63]> 42.65 6.4 13.07 14.60 63.52
¢microwave53]> 48.73 7.48 16.96 18.55 66.11

F 33, FHAAe (9% 60T,3A17H)F microvave AZ T te] Ax w3z}

_Treatment L a b Chroma Hue
. {microwave8%]> 54,05 8.55 21.76 23.40 68.61
{microwaveb¥]> 47.34 9.43 19.46 21.69 63.93
<{microwaveb3¥]> 56.50 9.12 22.84 24.66 68.41
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34, AAe] (92 60T, 34 7H)F picrovave & hot air AF F

7rel AE W

Treatment L a b Chroma Hue
{microwave8%]> 47.77 6.78 14.94 16.44 65,40
{microwavebE]> 50.73 6.86 16.08 17.49 66.71
{microwave5%]> 48.48 6.05 14.06 15.31 66.71

I 35, FAe (EF ‘60°C,3/K]7,_})—‘?’— microwave & hot air AR F

thel M )

Treatment L a b Chroma Hue

{microwave8E]> 56.51 7.49 20.57 21.95 70.02

{microwave63]> 55.78 7.21 19.68 21.06 69.74

{microwave53]> 45.92 9.09 18.34 20.59 62.62
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E 36. IAe] (EF 60T,3417H)F microwave & 2T AR F
2] A w3

Treatment L a b Chroma Hue

{microwave8%]) 48,13 6.52 14.97 16.33 66.54

{microwave63]) 48.10 6.39 15.14 16.44 67.13

{microwaveb%]> 50.18 6.64 16.61 17.89 68.20

H 37, FAe] (dF 60C,3A7H)F nicrovave & AT AR

tje) ME w3

k=3
-

Treatment L a b Chroma  Hue

{microwave83}> 59.68 7.37 19.40 20.80 69.23

{microwave6¥]) 62.06 7.68 20.72 22.10 69.78

{microwave53|)> 62.14 7.67 20.82 22.21 69,94
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ajl
]

t

i 38 A (HF 50T,347HF microvave AR Fo HYUE W 2835

Treatment HAE TEHA T (Aw)
Time Weight(g) A o
{microwave8&]> 27] 3.03 0. 66 0.67
408 % 19.91
1A 715 20.95
1A 712083 21.75
{microwavef3]> 27 2.58 0.70 0.68
4023 12.54
1A+ 13.40
{microwave5%]> Z7] 3.56 0.71 0.71
408 % 18. 60
1A ZH 20. 61
1A 2205 % 21,65
1A 7HOE S 22.39
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598

2]

microwave & hot air ZARX F

HAAe (dF 50T, 3AHF

39.

3L
2

H

jp{e]

o
-

i
H

Treatment

o

Yeight(g)

Time

0.63

0.65

2.15
- 15,45

7]

<{microwave8%])>

16.35

0.64

0.65

2,45

N

{microwaveb3])

13.42
15,03

16.00

0.71

- 0.69

2,95

<(microwavebZ|>

12.59

13.82

14.68

o
TR
s}

~

1A]
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ol
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2

k=R
=

9

Az

L
<

1

HAg] (% 50C, 3471 % nicrowave & %

i 40,

TEAA T (Aw)

A+

why
r

Treatment

ol

eight(g)

Time

0.73

11,03 0.73

33.12

27

{microwave8%|>

-
T}

.35.41

36.72

H &
LT

20

N

1A]

37.72

e
lg)

40

14]
24]

38.73

o

~

0.72

0.78

4,09
12,03
14.10
15,37

16.26

27)

{microwave6Z])>

P
g

o
1

20

™~

14]

0.74

0.74

8.00
31.29

34.72

{microwave53}>

H %
LT

1]

40

™~

36. 32
37.19

1A 708 =
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T 41, AH2) (S 50T, 427N F nicrovave AZE Fo EUE U o84S

Treatment 248 FEEEZ(Aw)
Time Weight(g) vAS o
{microwave8%})> Z7) 2.83 0.56 0.55
402F 14.39
1A 7+ 15,70
1A} 712055 16.64
{microwave6¥]) 27] 2.73 0.44 0.59
405= 18.24
1A 7H% 19.42
1A 7R0E% 20. 20
{microwave53]> 27] ' 2.83 0.51 0.57
402F 20,70
1A} ZHE 22.43
1A ZH205% 23. 61
1A] 7H0EF 24.54

AZEX 0IDZLECEESSMSHELESES

=
g
2
4
b
O
i
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3 42, Azl (FF 50C, 44 2H)F nicrowave & hot air AZ Fo HF u

TEEAE
Treatment HUE TEEA T (Ay)
Time Weight(g) A tj
{microwave8&]> 27 4,18 0.64 0.66
405 21.10
1A 71 23.28
1A 7208 % 24.45
1A 7H0E = - 25.33
{microwave6¥]) 27| - 3.52 0.66 0.64
0E5%F 17.08
1A ZHF 18.00
{microwave53]> 27] 3.51 0.64 0.67
407 F- 15,37
1A 7HE 16.92
1A 712053 17.95
1A ZHOEE 18.79
- 188 -
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Axel (9= 50T, 4A17HF microwave &.

i 43.

H
70

g
<

S (Aw)

wMO

T8

Treatment

o

eight(g)

Time

<mi¢rowave8§q>

0.79

0.71

5.01
19,47
21.83

402F

23.55

205

40

14]
14)

24.57

o
R

25.05

0.71

0.68

3.82
14,09

X

{microwave63}>

16. 45
18,17

1A 25

19.18

20.14

24 245

0.64

0.63

4.43

<microwave53]>

16.73
20.14

22.93

23.34
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F 44, HAAe] (FF 607,24 7)F nicrowave?

Y
o
1o
dr
dg
il
b
4
i
ot
ok
i

Treatment EHE T T (Aw)
Time Weight(g) % cl
<microwave83]) 7] 2.99 0.68 0.69
A08% 13.43 |
1A 2H 14.58
1A 71208 % 15.54
{microwave6%]> . 27 2.71 0.65 0. 66
408% 12.69
1A] & 13.88
1A 71208 14,73
{microwaveb3]> 27 2.58 0.50 0.55
08= 1315
1Al ZH5- 14. 55
IAZR0EE 15,56
LA} 705 16. 48
--190 -
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F 45, Az (4% 60T,2A 2% nicrowave & hot air AR F2o] BYE W
TEEEE
Treatment £ E TEEE E(Aw)
Time Weight(g) vAS )
<{microwave8%]> 27 2.94 0.58 0.60
405% 11,74
IR 12.70
1A] ZY208% 13.39
{microwave63]> 27 3.78 0.73 0.82
408%F 14.40
1A} 7% 15.90
1A ZF202%- 16.53
{microwave53]) 27| 3.21 0.65 0.64
40R% 13.63
1A 7V 14,38
1A 7V20 8% 15.10
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X2 (d5 60T, 24 ZH)F microvave & 2

i 46,

1

X0

gii
3§

TR E(Aw)

iy
i

Treatment

o

Weight(g)

Time

0.70

0.72

6.92

15,67
17.21
18.63
19.72

20.49

{microwave8%]>

202F
40

1A
14]

o
b3

0.76

0.70

4.29

11.53
13.05
14.49
15.43

7]

=

{microwave63]>

-
il

ok

N

1A]

1A Z205-%

14]

ok
ok

40

0,72

0.74

5.28
10.95

7]

{microwave53%]>

(S ~ < O
S T R TR
R
el e -
pil R 1 il B
R T S

g e e peen e

18.07

J—
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-Axg] (9 60T, 3A]7H)F microwave

47,

*

mh
o

Treatment

o
0.64

7
0.63

Weight(g)
3.04
16.22
17.48
18.30

Time
R
4085

1A]

1A ZF20%-F

{microwave8%}>

sT

0.74

0.71

3.38
15,90

10EF

{microwave6¥]>

17.23
18.21

6T

14]

k-
bl

20

14]

-0, 67

0.67

4,07

{microwave5Z|>

20.78

ol
il

22.06
22.83

%T

1A]
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i 48, HAE (EF 60T, 34 7H)F microwave & hot air AR Feo] EYE o
TEEYE |
Treatment HUE LR S (Aw)
Time Weight(g) A cf

<{microwave83]> 27] 2,29 0.74 0.78

1A} 2+% 14,82

1A] 7H0EF 16.69

1A] 7H502-F- 16,82
{microwave6¥]) 27] 2.44 0.49 0.50

1A 14.48
14 712082+ 15.47

{microwave53]>

27 2.22 0.51 0.56
408 F 14,64
1A 7 15, 61

1A} ZR202 % 16.38
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Axz] (dF 60TC,34]7F)F nicrowave &

i 49,

\MO

)
«

TELAM T (Aw)

i

-
0O

-

Treatment

o

Weight(g)

Tine

0.65

0.64

5.01
15.42

27]

{microwave8%])>

405

21.10

22.36

23.39

ZHOEF

— e puenn e e

o ot
u> jtel
~ o
—

-

1P
S
~ N
< X

1A

0.72

0.73

3.12
7.60

{microwave63]>

-
i

8.66
9.63

1A 21202 %

1A ZH0EF 10,38

0.75

0.74

5.06
10.16
11.19

Z7]

{microwaveb¥] >

‘sT.

iz

1A 2

1A V208 % 12.28
1A ZH02F

13.11
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q:

OHOIZ20E0

4. olo]Z 2t AZ ol ulE FaAY FAEEE
nfolAZ et A2 F 7} el w2 ZAYNEE S A2 E50) 7w
T3] A4 Bl A3 A ehdch
3 50, AR olE FAPMEE
Az YA A
1)¥9% 50T, 347t ¥ microwave (7min/lmin)-83] 30.25 unit
2)E4%F 50T, 347t & microwave (10min/lmin)-6% 30.4
3)dF 50°C,34] 7t & microwave (12min/lmin)-53] 22.25
4)4F 50C, 372t F microwave & hot air (7min/lmin)-8%] 25.8
5)9% 50T, 3A] 27t ¥ microwave & hot air (10min/lmin)-6%] 22.4
6)€% 50C,3A1 7t ¥ microwavr & hot air (12min/lmin)-53] 21.85
7)¥8% 50C,4A1 7t ¥ nicrowave (7min/lmin)-82] 29.2
8)d%F 50T, 4417t ¥ microwave (10min/lmin)-6%] 29.3
9)dE 50T, 4+ 7t ¥ microwave (12min/lmin)-53] 21.75
10)9% 50C, 4417t ¥ microwave & hot air (7min/lmin)-83) 27.25
11)8% 50T, 4217t F microwave & hot air (10min/lmin)-63] 19
12)8F 50T, 4417t F microwavr & hot air (12min/lmin)-53] 23.75
13)9% 60T, 2~ 7t ¥ microvave (7min/lmin)-8% 17.4
14)d % 60C, 247t ¥ nmicrowave (10nin/lmin)-6% 37.05
15)9 % 60C, 2417t ¥ nicrowave (12min/lmin)-53] 22.05
16)4F 60T, 242t ¥ microwave & hot air (7min/lmin)-83 25.8
17)8 % 60T, 2X] 7t ¥ microeavr & hot air (10min/lmin)-6%] 25.3
18)9F 60C,2A] 7t ¥ microwave & hot air (12min/lmin)-5%] 20.3
19)9%F 60T,3A]7t ¥ microwave (7min/lmin)-83) 19.45
20)9 % 60C, 3417t ¥ microwave (10min/lmin)-6%] 23.8
21)8E 60T, 327t & nicrowave (12min/lmin)-53] '16.85
22)9 % 60°C, 347 ¥ microwave & hot air (7min/lmin)-8%] 19.25
23)4% 60C, 34| 7t ¥ microeavr & hot air (10min/lmin)-6%] 23.95
24)9 % 60T, 3417t ¥ nicrowave & hot air (12min/lmin)-53] 19.8

A ¢ PPO activity

(lunit=absorbance 0.00l/min/ﬁJ)



ofe{g F¥E zh why Fo] T AL Liehidch
® 5l Az g Rl ofnial 24 (mex)
NAE 1 2 3 4 5 6 7 8 9
ASP 32.53‘ 54,47 33.63 8841 63.04 40,21 28.30 42.97 2563
GLU 25.39 58.49 60.35 138.11 107.20 43,57 48.54 56.46 60.11
SER 37.19 77.07 53.81 88.25 80.06 31.93' 41.38 43,70 38. 54
GLY 77.34 111.93‘ 73.90 180,57 123.39  91.51 46,87 80.94 60.19
HIS  1.24  9.46 033 33.19 19.37 3.23 23.05 3.00 0.08
\RG  85.78 105.33 85.39 204.53 160.96 96.62 66.17 81,65 65,07
THR 21.40 37.48 30.22 42.00° 42.84 20,11 21,35 25.01 27.73
ALA 35,05 57.47 50.36 55.52° 5813 28.57 3521 31.99 32.99
PRO 12.19 28.93 23/36 27.46 29.19° 12,88 17.72 16.51 21.69
TYR 10.31 20.52° 16.67 33.98 22.54 1598 10.88 17.57 15.46
VAL 21.38 42,69 34.38° 49.28 48.70 19.43 23.65 24.87 31.41
MET  28.71 48,02 29.06 83.41 68.90 39.89 20.42 41.84 24.52
CYS D 0.28 D AD 0.63 ND 3.85  1.98 ND
ILE 12,70 2832 21.59 27.35 32,41 819 16.99 17.11 20,05
LEL 14.82 49.61 38.01 4574 51.70 10.37 25.23 25.28 34.04
PHE  73.10 87.85 75.25 111.161 91.35 76.29 73.23 79.33 68.93
LYS 15.89 37.89 26.93 80.84 57.79 21.79 19.23 26.81 28.80
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NAVE 10 11 12 13 14 15 16 17 18
ASP 30,51 53,80 40,03 33.67 34.86 43.76 41.00 14.32 26,02
GLU 65.84 80.69 89.86 74.93 87.52 98.58 21.79 26.77 38.11
SER 38,22 71.28 51.81 45.14 48.45 71.41 25.75 23.73 22.63
GLY 74.39 134.28 98.30 70.35 96.33 136.53 46.04 45.15 52.88
HIS 2519 16.35 0.80 26.90 3,28 16.11 16,23 1533 17.82
ARG 68.34 121,73' 64.00 71.96 75.72 98.47 42.93 50.38 44.28
THR 22,58 41.95 27.03 2540 27.26 46.03 16.57 15.65 15.30
ALA 30.08 51.16 4246 033 4554 6201 22.05 35.75 27.34
PRO 16.51_ 30,42 20,03 2163 22.23 32,53 11,63 10,55 13.34
TYR 12.50 22,95 18.20 1569 1523 1834 802 4.72 12.01
VAL 23.05 46.97 27.57 28,01 28,33 4528 17.72 19.08 14.06
MET 37.51 . 74.07 46.10 34.84 51.42 79.96 - 23.60 18.41 35.19
CYS~ 299 075 0,21 AD 4,82 1.43 0,08 ND ND

ILE- 14.93 31.38 17.26 19.87 18.79 33.94 9.16 11.26 8.44
LEL 2189 52.47 29.52 3192 30.88 5619 14.07 19.66 11.90
PHE 75.33 94.20 83.07 78.31 80.89 88.40 74.38 69.22 68.49
LYS 2633 55.38 27.40 31.94 3410 50.78 8.98 10.98 16.17
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NAME 19 20 21 22 23 24

ASP 23.43 23.31 36.79 35.56 43.70 48.35
GLU 33.30 59.74 20.79 47.95 42,35 45.66
SER  30.11 21.36 15.95 33.91 30.51 23.82
GLY 60.77 52.65 26.391 6570 67.60 63.65
HIS 20.28 17.93  8.84 18.26 20.50 24,03
ARG 56.70 29.95 27.87 54.08 57.58 50.97
THR 21.14 14.78 11.58 21.82 19.14 18.03
ALA 35,87 22,64 17,76 37.05 31.24 17.60
PRO 17.16 12.37 10.99 17.88 14.61 14.17
TYR  8.25 12.22 7.64 12.62 11.28 12.84
VAL 20.58 11.86 11.57 20.22 19.45 16.43
MET  29.85 31.32 16.38 4550 42.72 47.13
CYS  ND ND 0.88 ND 9.52  2.05
ILE 14.18 574 7.10 12.59 12,11  9.55
LEU  22.10 7.12 10.66 22.32 18.00 14.06
PHE 60.29 73.43 65.80 71.71 70.44 81.55
LYS 16.86 18,74 6.07 22.03 16.26 20.62
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6. ulol A2yt A2 Wilo] mE Lol T
nfo]lZAZ2 st Az F 7 wbHo| uhE nicotinic acid X niacin amide?] &k
= 53 A3 (F52), 7 whyzbe] Ty AL glou gkds we ol
& LER T
E 52, Azl wlE otal ey
Nicotinic acid(mg/100g) Niacin amide(mg/100g)
1 76. 80 11.19
2 74,11 9.61
3 24.76 7.89
4 20.02 13.48
5 60. 42 17.12
6 55,39 26.79
7 26.17 14.97
8 52.54 20.50
9 72.99 10.32
10 70,26 12.43
11 48.96 141.03
12 46,92 17.1
13 64.47 43. 90
14 45. 66 9.22
15 79.93 16. 64
16 49. 43 30. 86
17 28.69 ‘ 31.47
18 29,64 23.40
19 41.90 25, 87
20 24.17 16.21
21 23.72 15.90
22 30.01 22.66
23 28.14 6.33
24 21.11 7.12
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1) Kabir, Y., VYamaguchi, M. and Kimura, S. : Effect of Shiitake and
Maitake mushrooms on blood pressure and plasma lipids of spontaneously
hypertensive rats, J. Nutr, Sci. Vitaminol. 31, 341 (1987)

2) AEsd, #FE, ZHI Al wdaire 13 sAEAM UL 7
{1991)

3) Chang, S.T. and Miles, P.G. : Mushroom Science. In edible mushrooms and

their cultivation. CRC Press, Inc. (1989)

4) Wood, D.A. and Smith, J.F. : The cultivation of mushrooms, Mushroom J.
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Phytochem, 20,1349 (1981)
6) Breene, W. M. : Nutriona] and medicinal value of specialty mushrooms,
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7)) R, ARA O HARY /87T 4% 2 AF b iyl By a7
HrgAEFATA G E A, (1991)
8) Nichols, R, and Hammond, J.B.¥. : Postharvest physiology of mushrooms,
Mushroom J., 7, 319 (1873)
9) McCord, J.D. and Kilara, 4. : Control of enzymatic browning in
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123 A= 9y
1. A=
= Aol AT FAE A& AEA Pl TUst 4T W] BB
HA AlEE AlEStoct
2. ey
7h, Az
T A2E 45T 1417 302 dFAZ ¥ ulolaEn}, ulolazm) %
T AzYPE o] &3] A7 o]Eof 5E Az 28 IXE 1028 ¢ 32 Az
2 FAE 1803 HbEshe Wy dF AMe glo] 58 AZ 2% HA 1023
FAE 18032 WHOE mlojaRn W nmlo]A RN} TG o]
ZAR7)+= 100 Watte] &332} 2450 MHz 33}

&3] &3t ojuf mlo]z &3}
T4 A A2 npolzgnt AzJ)E o] &3tgict

3CHz Mg ofA

analyzer(Hewlett
HP850464 )

=
5%

3
Open-ended probe! ©E  30MHz
network

packard,

o] &sto] FAstoict,

B
LR E=

o] &3le] A
set(Hewlett

I

load/air/shqrt%}%ﬂé%
test

packard,  HP8753C),
Dielectric probe kit(Hewlett packard, HP85070A)&

A= text file2 $2lstel EAA e shalch.
A8 HM7IAE (FX 3000, AND, Japan)d o)&3lo] ZHFalqisl <
& soxhlet®], ZThNE ek semimicro kjeldahl

S-parameter

2

Zetso NS

OHOI2 2 IHE O]

>
sl
i
Z—[LI



o|]
kil

N
1

1

nMO

g
<

Novasina{Model TH-2,Swiss)

g8

e
o

A
i

H

70

A

1
ma

il

A2 ginsenoside-ReE ©]

AlF1H A 75% ethanol 150 ml &

AR 10g

100ml & 23] ®

23],

Sigma)E BHAIH

©|-83}od membrane filter(0.2um)E ofz}sle] ojd-& HPLCE o] &

Z](mixed bed exchanger NB-1,

B

. S
o
X
pild

_—
o

Membrane filter(0.2um)E o Z}3}oq

Eie

z+&  Lichrosorb-NHg,
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X0

acetonitrile:warwein-butanol = 80:20:10(v/v), o]|S&EEE= I;Oml/min, H&E 7]

= Rl H&7|E AHgstadch,

2}, XRD &3
AES A 99L& RAE] 25t XRD(X-ray diffraction dector, Model,

Rigaku D/Max-111A, Japan)& o]&3le] £ A=E &As}du}

2}, EDS &4
AR FEAE EAS 95to] EDS(Hitachi 230-N, Japan)& o] &3}o

AN
oX,
o

UAE FA oA B AM(In vitro)ols M rfolld X3 9]¢ tf
B, Y MEZRE o] &85ttt Microplated] well® E2E|:= AT 2L 4
SEog%e] ot orAdEE Bl ARSI T wellw RPMI 16408)%] 180ulo] 1 x
10° 4 B33 thg PBS I DMSOo] R3IA7] 2t =2 ARAZEL 20uld

7}8tod 48A17F Bt CO; incubatoroflA] 37T, 5% C0p &xstolr] 44 wjorar X

AR EEN AT NE F4 oA B4 ZHs7] sl MIT assayd 4148}
Arch

el Aol &

Total dietary fiber(TDF)= ®A|A]7l A]& 1gol phosphate buffer(pH 6.0)

50ml &} heat stable a-amylase 0.1ml& Y3 95CojA 15587 Jldsln Aoz
A3l 5] gole] pHE 7.58 o] proteased 7}5}o] 60 COﬂH 3057 713t

th Tl A2 AlE Lo pHE 4,002 §F ¥ amyloglucosidaseZS 7}shed



At

(o2
]
@)

Toll Al 3087 At T Ao s A3 F 95 o B &S JIste] shENY
Zob whx]8t vl nolg] cellite® Zol &akg T3|E crucibleo] o{x}sled 10
O

5C LEoA 315 B A=A H e gue FFen 47 HELTL

u}h, o] MlF2
AZE AlBE  AHubslod  gold-polladiun®®  FE 3t  FxpHzIn]A

(Scanning electron microscope)® AR & JA3tECh



il

ML= 17,0004 19,18 Z7istdct =¥t o}

RHG L 0T 53.42 7}
60CollA 23.028 714 & 3t& Lehfdc)

Gl

=
=

i+ 1,

1,82

17.0

24.2

50
55

1.87

17.3

29.5

1.92

17.6

35.3

60
63

1.97

17.8

41.8

2.01

18.1

47.3

70

2.08

18.5

49.1

75

2.14

19.1

51.5
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2.24
2.07

17.2

47.6

20
40
60
80

20.1

53.4

1.91
2.94

23.0
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X 3, nle|lagsn} std(13 - 58 71 /18 ®=A])

33 43] 53] 6% 73]

38.28 37.29 36.05 34,87 33.84 32,58 31.26

42.29 41.49 40.84 39.58

113] 123] 133 14%] 15§] 163] 173 18% 193] 203 213

30.04 29.34 28.44 27.46 26.49 25,72 24.53 23.41 22.44 21.23 20.24

223] 233 243 25% 263 273 283 293 303 31y 32§

19.50 18,40 17.32 16.53 15,60 15.18 14.97 14,74 14.39 13.99 13.81

333} 343 353 363 373 38% 393 403 413 423 433

13.70 13.56 13.40 13.22 13.07 13.03 12.97 12.85 12.76 12.65 12.43
« 2h B 108 BEst] LYY
~ 214 -



T 4. £ wlolzmgant J1d (13 - 58 st 28 BZAE 68) ¥
%% W3l (g)
27 1% 28] 33] 4%] 5%] 63] 73] 8% 93 103

31.63 28.76 26.56 24.89 22.34

19.72 18.47 16.66 15.19 14.19 12.48

113 123 133 143 153 163 173 183 193 203 21

12.40 11.84 11.62 11.25 11.07 10.82 10.32 9.49 9.30 - -

¢ 7 BFE 108 R FRUY

25 oty 4400 ulolAR 3} 2tA13 - 5% Jhd 2R FAE 63) F
% W2 g)

271 13 28 33 43 58 63 73 83 93 10

38.86 35.55 32.69 30.19 126.51

23.08 21.42 19.62 18.05 16.98 15.85

113 123 133 143 153  16% 173 183 193 203 213
15.15 13.68 13.30 12.80 11.98 11.02 10.45 9.21 9.10 - -
7} Zeke 103] uiEdlo] HA i
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NE2EH 00 AZT20| S sMENEH AR YL AR IASHRE DA/=EE



£ 6. T uelARst Jtd(13] - 3% 7Y /18 BAE 108) ¥
% H3H(g)
271 18 23 33 43 53 ey 73 8% 93 103
41.01 39.19 36.69 32.83 29.51 26.82 25.40 23.33 21.20 19.25 16.88
113 128 133 '14§] 15%] 163 173 183 193 203 213
15.73 15,35 15.03 14.29 14.03 13.91 13,72 13.67 13.25 13.12 13.01
% 2} S 103 W8t Bty
E 7 QU 4 mlolagat (13 - 38 71y /18 AR E 108]) ®
% HaHg)
z7] 13 28 33 43 53 611 73] 83 9% 103
35.65 32.41 29.09 26.72 25.08 23.08 19.08 18.47 16.76 15.51 14.73
113 128 13% 143 158 163 173 183 193 203 213
13.24 12,14 10.92 10.74 10.56 10.12 10.07 10.04 9.96 9.63 9.6l
* 2 S 103 whEste] HFziy

NE2EX 002N EOSSs LS



HE 8. 4ol vlelm2mt st (13 - 38 st 28 FAE 108]) F
3% HE(g)
270 13 23 3% 4% 5% 63 73 83 93 103
39.93 37.28 34.24 31,93 29.33 26,23 24.23 22.18 20.09 18.37 16.94
113 12¥] 133 143 158 163 173 183 193 203 213
15.78 14,61 14,03 12.73 12.04 11.41 11,03 10.60 10.24 9.87 9.23
k2 FEE 103 RHESte] ¥z
£ 9, abel mlelZE3 b3 - 5% S /258 BAE 108) F
% Hilg)
Z7] 13 28 33 438 5% 63 73 8% .93 103
37.28 35.47 33.63 31.00 29.11 27.62 26.33 25.25 24.06 22.92 20.46
lis 128 133 143 153 163 173 183 193] 203 213
18.80 14.80 13.61 12.93 12.18 11.58 11.08 10.65 10.05 9.45 9.01
7t FRE 103 vbEste] HF iy
..217._
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z 2

Fructose 0.34 0.36 0.46 0.36 1.52 0.54 0.86 1.09
Glucose 0.36 0.48 0.52 0.32 1.36 0.52 0,70 0.72
Sucrose 12,77 13.33 13,56 14.12 7.39 1.85 1.73 3.81

Maltose  0.64 1.39 0.69 0.54 0.68 0.70 0,78 0.69

B 070 067 009 034 01 012 012 050
Re 0.17 0.07 0.08 0.05 0.12 0,10 0.07 0.06
Rd 0,12 0.12 0.10 0,10 0.16 0.12 0.20 0.15
Re 0.02 0.05 0.08 0.07 0.04 o g 0.01 0.04

Rg 0.16 0.16 0.08 0.17 0.07 0.15 0.07 0.17
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I

" Con [ 1 2§3L4'§“576“§7;8'

100 ;64,1 213|71'é'1804|612T751x484 147.2

D onfol ARy} 3F/28 2447

D nlo] AR u} 58 /28 30X 2447

cufo]| AR I} 3F/28 12417 (4588 5042 o] AZRAD)
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(el
[Cn 1 12 [ 3 [ 4| 5|
100 1100, 91117 5104,5:119.3/87.0 111

) .
6 | 1T s
6.9]146.4]163. 3]

16, WiDr (<14} 80% !} eOH—rég 50mg/ml 80"o teOH + 10111 : \m&

1001867 21.5193.9 1952 10.1 383 (537 906
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1 4 _l_.v-;iw.. A
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100 [106.1 1104,

3

T ] 7 e l
118.9 |
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T R
121.8
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R 5 6
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109. 6 |
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X 24. Hep G2 (14} 80% ‘ﬂeOH%ég SOmg/mI 80% MeOH + 10;11)

_____ Con| 1 273 7 4 [ 5 176 [ 7 | 8 |

% | 100 | 74.8 163.2 | 80.5 | 83.4 | 45.9 | 9.3 [82.4 | 95.9 |
¥ 25. Hep G2 (Q1A} D¥ZZE 50mg/ml DV + 10ul)
 lCon 1 2 3 14 75 6 7 8
% 100 1787 91,6 8.3 97.1 | 91.5 | 88.3 | 88.0 | 188.2 |
i 26. Aol # %PEJ
0 71 t2 "3 "4 "5 16 7 8 |
T DF ;14_4 15.0 14_6__‘18.8“_{15.0_“ 17.0 |17.2 [24.2 17.4 |
SDF 146 20 32 2.4 30 58 [4.6 [46 5.4 |
0 : Raw material

I.D.F. ' Insoluble dietary fiber
S.0.F. :Soluble dietary fiber
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Figure 2. Typical texture profile analysis curve of ricecake prepared with
various drying methods ‘
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Figure 3. Sensory evaluation of ricecake

Sample

Date

Name

DIRECTION: Please rinse your mouth with water before starting the . test,
Several samples will be served to you. Then evaluate ricecake according to
attribute using the ‘intensity scales. Indicate the ‘intensity of each

attribute by circling an appropriate number,
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Table 2, Comparison of water content of ricecake prepared with various

drying methods

water content of ricecake (%H;0)

Source of variation
After Pretreatment After Drying

Aging Tinme ,
4 hr 46. 94a 41.33a
24 hr 41,990 36.13b
LSD o 0.2973 1.4629
F values 1133.1"" 51.66™"
Storage Temperature
-20°C 44, 27b 38.46a
4°C 44.67a 38.61a
25°C 44, 46ab 39.12a
LSD : 0. 3641 1.7917
F values 2,51 0.30
Drying Type
MW ' 44, 25b 40.21a
“ MW/Heating 44, 43ab 37.58b
M/ Vacuum : 44, 72a 38. 40b
. LSD ' 0.3641 1.7917
© F values : 3.48" 4,63

Replication

1 44 .57a 39, 12ab
e 44,49 37.42b
-3 44,33a 39. 66a
LSD 0.3641 1.7917
F values 0.93 3.50"

®°: Vlean scores in column within variable followed by the same letter are

not significantly different at the p<0.05 level using Least Significant
Difference test , :
oMM Gignificantly different at p<0.05, p<0.01, p<0.001 in ANOVA test
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Table 3. Comparison. of cooking properities of ricecake prepared with
various drying methods

Cooking properities of ricecake

Source of variation

WHC Turbidity Extracted .
Solid
Aging Time
4 hr _ 5.847b 49, 74a 0.149b
24 hr 6. 654a 49,99a 0.178a
LSD 0. 4482 3.2375 0.0076
F values 14. 05" 0.03 63.09™"
Storage Temperature
-20°C 6.095b - 53.09a 0.157b
4°C 7.020a 48.58b 0.180a
25°C 9. 637b 47.94b 0.155b
LSD ‘ 0.549 3.965 0.0083
F values 14, 25" 4,33 19,69
Drying Type
M 6. 040a : 44,.67b 0.135b
M¥/Heating 6.493a 52.98a 0.181a
MW /Vacuum . 6.218a 51.96a 0.176a
LSD : 0.549 3.965 0.0093
F values 1,50 11,29" 63,72
Replication :
1 5. 853b 49, 58a 0.160b
2 6. 648a 50.15a 0.168a
LSD ‘ 0.4482 3.2375 0,0076
F values 13.59" 0.13 - 4.57
abe

* Mean scores in column within variable followed by the same letter are
not significantly different at the p<0.05 level using Least Significant
Difference test '
¥ T ™% Significantly different at p<0.05, p<0.01, p<0.001 in ANOVA test



Table 4. Comparison of color properities of ricecake prepared with various

drying methods

After Pretreatment After Drying

Source of

variation L a b L a b

Aging Time
dhr 72.69a -1.597b 6.503a 70.46a -1.757b 6.914b
Z24hr 72.32a -1.524a 6.375a. 71.11a -1.542a 7.740a
LSD 0.699 0.055 0.216 0. 850 0.064 0.240
Fvalues 1.12  7.10° 1,44 2.37 46.08™" 48 70"

Storage Temperature

-20°C 72.58ab -1,632b 5.809b 69.61b  -1.758b 7.005b
4°C 72.98a -1,369a 6,754a 72.14a  -1.408a 7.713a
25°C 71.97b -1.680b 6.754a 70.60b  -1.782b 7.262b
LSD 0.857 0.068 0.265 1.041 0.079  0.293

Fvalues 2,86  50.16"" 34 77" 12.28™  58.15™ 12.25™

Drying Type

MY 73.35a -1.516a 8.193a 70.52a -1.538a 8.753a
\I¥/Heating 72.13b -1.592b 5.635b 71.30a -1.751c 6.58%b
MW /Vacuum 72.04b ~1.573abb, 489b 70.52a -1.659b 6.8638b

LSD 0.857 0.068 0,265 1.041 0.079 0.293

Fvalues 5,92  2.79 270,35 1.53 15. 24" 145, 34™"

Replication :
1 72.68a -1.544a 6.392a 71,19a -1.615a 7.230a

2 72,.17a -1,572a 6.484a 70.93a -1.657a 7.382a

3 72.67a -1.565a 6,442a 70. 23a -1.676a 7.369%

LSD 0.857 0.068 0.265 1.041 0.079 0.293
F values 0.95 0.36 0.25 1.85 1.28 0.67

“°. Mean scores in column within variable followed by the same letter are

not significantly different at the p<0.05 level using Least Significant
Difference test
WOk, Ak

 Significantly different at p<0.05, p<0.01; p<0.001 in ANOVA test



Table 5. Comparison of textural properities of ricecake prepared with

various drying methods

Textural properties of ricecake!

Source of

variation Hard Adhes  Spring Cohes Gum Chew
(g)

Aging Time

4hr + 456,12b  -143.0a 0.928a 0.604a 273.65b 253.00b

24hr 1301.6a -123.5a 0.913a 0.562b 741.56a 676, 76a

L.SD 136. 83 48,781 0.031 0.0245 66.925 61,685

F values 165.14™ 0.70  0.96  12.69" 211.40"204. 10"

Storage Temperature

-20°C 877.4ab  -92.21a 0.926a 0.580a 494, 68b 455.27b

4°C 990.74a  -168.9b 0.923a 0.584a 592.41a 547.25a

25°C 768.48b  -138.6ab0.913a 0.584a 435.73b 392.12b

LSD 167. 58 59.745 0.0388 0.03 81.967 75,548

F values 3.80" 3.61" 0.26 0.04 806" 9227

Drying Type

MI 560.0lc  -187.4b 0.9208a 0.5966a 331.07c 301, 05¢c

MW/Heating 862.68b  -94.20a 0.9111a 0.5721a 717.54a 656.93a
MW/Vacuum 1213.9a  -118.1a 0.9300a 0,5797a 474, 21b 436, 65b

LSD 167.58 59.745 0.0388 0.03  81.967 75,548
F values 32.99™ 568" 0.51 1.51  49.15™" 48.89™
Replication

1 903.74*  -143.5a 0.918a 0.588a 512.80a 463.62a
2 854,0la -123.0a 0.924a 0.578a 502.6la 466.14a
LSD ~ 136.83  48.781 0.031 0.0245 66.925 61.685

F values 0.57  0.76 0,16 0.73 0.10 0.0l

®: Mean scores in column within variable followed by the same letter are

not significantly different at the p<0.05 level using Least Significant
Difference test
Y™ Significantly different at p<0.05, p<0.01, p<0.001 in ANOVA test
Y. Hard: Hardness, Adhes: Adhesiveness, Spring: Springiness, Cohes:
Cohesiveness, Gum: Gumminess, Chew; Chewiness
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