4.1

4.1.1
4.1
4.1
10.92+0.05
7.14+0.09
0.47+0.02
0.63+0.02
* 80.84+0.18
©t 100 -
4.1.2

4.1

10.63+0.06
7.44+0.07
0.3240.01
0.44+0.05
81.17+0.19

(%)

10.78+0.04 8.83+0.05
22.69+0.11 46.71+0.19
1.03+0.03 0.84+0.03
3.1040.02 6.33+0.07
62.40+0.20 37.29+0.34

4.2

4.07+0.07
41.7540.21
20.34+1.23
5.34+0.08
28.50+1.59



> 2

500
250
150
75
<75

4.1

4.2

0.02
9.17
44.10
217.88
10.26
6.47
2.10

fc
aile o
1.00
1.10 8.20
42.29 34.63
32.59 22.97
13.17 10.20 2.60
5.22 9.45 10.24
5.63 13.55 87.16

1.92
3.17
6.63
868.28

30



4.2 am

4.2-1 ?

43

(interaction)

4.2

4.3
12%, 14% 16%

43|

1

95X

43|

471

12X 6.940+1301Um 7.030+0.120'3"1 5.685+0.120"
14% 7.705+0.215"" 8.345+0.295e"1 8.005+0.065dF "7 .385+0.035*"J

16% 8.510+0.320bck=9¢290+0 «250*

95

3

4.4

6"785+0.055km

9.005+0.075*b 8.630+0.100b"



4.4
(
C) [

SOV df sS
A 1 0.90
B 1 0.43
C 2 20.31
AB 1 0.33
AC 2 0.46
BC 2 0.36
ABC 2 1.64
ERROR 12 0.72
TOTAL 23 25.14

0.90
0.43
10.16
0.33
0.23
0.18
0.82
0.06

95

32

F-VALUE

15.1090*
1.2901*
170.3166*
5.0175*
3.8192
2.9814
13.7672*



12

EXTRUDATE MOISTURE (%)

| |

12 14
MOISTURE {(w)

—— R 41 —F R 51 G 41 -e -
4.2 A
' 12X, 14 16X 'fa
511




34

4.2.2 ? (bulk density)
4.5 3
95% 4.6
4.3

4.5

12%, 14% 16% 41 51
( )

41 1 4] 1

12% 0.1705+0.0015be0.1810+0.0003b0 .1450+0.0005d0 .1555+0.0035=d
14% 0.1835+0.0005b 0.2070+0.0002*0.1615+0.0015%0.1635+0.0005e
16% 0.2105+0.0075* 0.2260+0.0000%0.1900+0.0005b0.2115+0.0105*

95



4.6
C)

Sov df
A 1
B 1
C 2
AB 1
AC 2
BC 2
ABC 2
ERROR 12
TOTAL 23

1)

SN

38.25X10"4
11.62X10"*
89.39X10"*
0.40x10
2.33X10°*
0.68x10
2.09X10"*

4.93%10"*

VG

38-25x10
11.62X10"*
44,70X10"*
0.40x10

1. 16X10"*
0.34X10"*
1.05x10
0.41X10"*

95

3

F-VALUE

93.0182*

28.2563*

108.6819*
0.9737
2.8298
0.8278
2.5420



BULK DENSITY (gm/ml)

0.30

0.25

020 r

015

O‘]O | 1 |
12 14 16

MOISTURE (%)
— R 41 | R 51 G4l -e- G5l

4.3 : (

12X, 14X 16X fa
41 51



37

423 ?
? ?
4.7
?
) 05%
4.8
2 44
4.1
0%, Wh 1% 41 51
41 i 41 1

1% 3.355+0.167* 3.400+0.171* 3.116+0.1i y 3.138+0.115*
4% 3.133+40.077b 3*200+0+085b 2-985+0.072" 2.933+0.039"
16% 3.139+0.096b 3.133+0.098b 2.745+0.090 2-761+0.121"*

95



4.8 ( A)

( B)
( C)
Sov df SS VB F-VALUE
A 1 584.20X10 584.20X10 3 109.0254*
B 1 0.02x10 0.02x10 3 0.0015
C 2 139"56x10~3  569.78x10 3 39.2125*
AB 1 0.20X10 3 0.20x10 3 0.0138
AC 2 66.48x10~3 33.24x10~3 2-2874
BC 2 16.69x10 3 8+84x10 3 0.6086
ABC 2 1.83X10-3 0.91X10 0.0628

ERROR 60 §71.18X10'3 14.53x10 3
TOTAL 71

95



EXPANSION RATIO

4.0

85 [

30

2.8 F

I

i

'] 44

R 41

511

14
MOISTURE

R 51

12X, 1%

[ %)

16%

G 41

16

G 51

411




4-2%4

4*9

4*9 WA
14%

12%
14%
16X

95

water absorption index (WAL 0

WAL ?)
vnj 3
?) ?) ?)
WA
95X 4*10 4%5
WA
12%,
16X N 51
WAL (X)
45| 5:1 45| 51

467*5+7*5" 620.040.0* 245.0+5.0d 225*0+5*0d
547.5+7.5b 630.0+10.0* 355.0+25.0" 235.0+5.0d
565.0+25.00627.5+2.58b 335.0+25.0" 315.0+15.0"

«



4.10

C)

Sov df
A 1

B 1

C 2
AB 1
AC 2
BC 2
ABC 2
ERROR 12
TOTAL 23

SN

508959.38
3151.04
21825.00
34884.38
1425.00
1233-33
3900.00
4787.50
586165.63

VB

508959.38
3151.04
10912.50
34884.38
71250
3616.67
1950.00
398.96

95

F-VALUE

1275.7206*
7.8982*
27.35255
87.4386%
1.78592
9.0653*
4.887T7*



WATER ABSORPTION INDEX (%)

900 |
700
500 /
300 /j/
-IOO 1 | |
12 14 16
MOISTURE (%)
— R 41 | R51 -fc- G 41 -3- G 51
A5 7 WA A

12X, 14X uat 16X ! 7 4l 511



of

4.2.5

4.11

411

2%
14%
16%

9%

12%, 4% 16%

41 1

27.19+4.72 20.11+3.53d
29.01+4.12b 19.63+3.32*"

33.70+2.46% 25.07+3.56"

95

(cutting force)

4.12 4.6

41 51

41 51

12.87+3.14 10.90+2.65
14.37+3.09Fa 15.52+42¢44 F°
16.96+3.04"F 17.20+3.44"F

43



4.12
C)
oV df
A 1
B 1
C 2
AB 1
AC 2
BC 2
ABC 2
ERROR 144
TOTAL 23

SS

4848.10
713.25
803.79
650.89
63.21
1,18
50.21
1752.48

8883.11

VB

4848.10
713.25
401.90
650.89

31.60

0.59
25.11
12.17

95

F-VALUE

398.36*
58.61%
33.02*
53.48*

2.60
4.86x10
2.06



40

30

20

10

CUTTING FORCE (newton)

T

12

4.6

R 41

f

MOISTURE

+ -

12X, 14%

R

16X

A

[ %)

G 4:1

‘B -

41

G 4:1

511




4.3 720

43.1

(glutinous rice o)

46

(rice : R)
(mungbean M
(DFSF ! D)
(RV>
4.13
[
12.03% 13.99%
{
4.14

(FFSF @ F)
43.1.1
413 {
(%
RV 30 7.08 +0.09
RV 35 6.23 * 0.04
RVl 40 6.91 +0.06
RVl 45 6.11 +0.07

(X)
3.30 +0.07 12.03 *0.05
3.28 *+0.08 12.63 *0.07
3.28 +0.06 1322 +0.10
3.29 *+0.05 13.99 +0.09



RM 30
RM 35
RV 40
RM 45

4.14

7.07+0.80*
7.20+1.08*
7.13+0.83*
7.33+0.49%

7.07+0.96%
7.33+1.05%
6.87+0.83*
6.93+0.88*

95

4.3.1-2

7.20+1.08*
6.87+1.25%
7.00+1.00*
7.27+1.16*

4.15

7.73+1.03*
7.80+1.21*
1.4741.19*
7.87+0.52*

12-90%

7.33+0.82*
7.40+1.18%
7.00+1.00*
7.47+0.92%

(
14.80%

4.16

4



Qv 30
Qv 35
Qv 40
GV 45

v 30
Qv 35
GV 40
Qv 45

4.15

6.46
6.07
5.82
7.19

4.16

6.60+1.50*
6.87+1.60*
6.53+1.46*
6.47+1.13*

t0.07
+0.06
t0.07
t0.05

6.27+1.44%
6-60+1.40*
6.40+1.40%
6.53+1.36*

95

3.25 *0.09
3.24 *+0.08
3.26 * 0.06
3.23 *0.08

6.80+1.15*
6.33+1.18*
6.20+1.26*
6.60+1.12*

(X)

12.90 +0.09
13.53 +0.07
13.92 +0.02
14.80 + 0.05

7.13+1.46% 6.67+1-29*
7.33+1.88* 6.73+1.53*
6.93+1.39* 6.13+1.30*
7.00+1.51* 6. 13+1.36*



RD 10
RD 15
RD 20
RD 25

4313

DFSF

[ DFSF 5%

)

4.17 {

(%)

6.09 +0.06
6.29 +0.05
5.72 +0.09
5.72 +0.01

DFSF (RD)

4.17

17.23%

9%

3.00 +0.09
2.90 *0.08
2.85 *0.03
2.76 * 0.05

4.18

(X)

1138 +0.03
13.06 *+ 0.03
14,83 + 0.05
17.23 +0.07

49



418 (1 P

R 10 727+1.10% 680+1.21% 6.67+1.11% 7.2040.68* 6.80+1.82*
R 15 7.07+0.80* 6.73+0.50* 6.73+0.96% 753+0.52% 6.73+1.53*
RD 20 7.07+0.80% 7.07+0.46% 7.2040.77% 7-5340.74% 6.87+151*
RD 25 7.20+0.94% 6e00+1060° 587+1 197 7.2740.96  6-47+1.05
95
4314 DFSE (GD)
419 {
DFSF { DFSF
[
1266%  18.13%
{
{ DFSF
) )

B 4.20



@ 10
®@ 15
@ 20
@ 25

@ 10
@ 5
@ 20
@ 25

4.19

4.20

vV o
6.58+0.90*
6.75+1.29*
6.43+1.31

%)

6-62 + 0.02
6.36 + 0.05
6.01 +0.03
6.07 +0.07

95

6.80+1.16*
6.00+1.21*
6.67+1.37*
6.50+1.09

b

3.11 +0.03
3.02 +0.03
2.90 + 0.05
2.92 +0.03

6.75+0.75*

6.00+1.21b

6.75+1.29*
6.42+1'08*b 6.75+1.54*
6.42+0.90*b 7.08+1.24*
6.75+1.22

%)

12.66 +0.07
13.73 +0.09
15.47 +0.08
18.13 + 0.07

e

ey

6.42+1.31*
6.08+1.24*
6.67+1.23*
6.33+0.98

51



43.15
. FFSF
FFSF
FFSF 150
12.5%
4.22
421 | {,
%)
GF 5 6.52 *0.07
GF 10 6.56 +0.05
G 125 741 +0.03
G 15

FFSF (GF)
4.21

FFSF 12.5%

GF*

2.99 *0.03
3.09 *+0.05
2B T
1.92 +0.08

1 125° 25190°

52

%)
9.62 +0.07

11.16 + 0.09
12.06 +0.06

35190°



4.22

GF5 7.33+1.18"
G- 10 7.60+0.83*
Gk 12.5 3.83+1.39
@25 6.43+1.31

4.3.1.6

,  GF

7.20+0.94*
7.13+0.92*
5.47+1.64

6.33+0.98*

7.27+0.96* 6.87+1.46*
720+1.01% 7.13+0.83% 7.13+1.30*
5064132 6.20+1.32° 593+2.19
6.50+1.09b 6.00+1.21h 6.75+1.22"

6.93+1.28*

95

FFSF (RF)
FFSF ,
B 10X

4.23

4.23

RF 5
RF 10

2.37
2.42

o 125%F + 21190°* + 3»190°



(plain extrudate)

4.3.2

WA

GF 10

RV 40
M 40
RD 20
@ 20
G- 10

4.24

4.24

(plain extrudate)

(%)

6.19+0.06
5.82+0.07
5.72+0.09
6.01+0.03
6.56+0.05

3.28+0.06
3.26+0.06
2.85+0.03
2.90+0.05
3.09+0.05

0. 194+0.005
0.204+0.006
0.200+0.005
0.213+0.002
0.343+0.002

RM 40, GV 40, RD 20, @D 20

WA
o ) X

340+0 6.14+0.22 13.22+0.10
320+0 5.72+0.33 13.92+0.02
390+10 6.08+1.29 14.83+0.05
170+10 5.82+0.81 15.47+0.08
300+60 5.87+0.44 11.16+0.09



4.3.3 b ! ) 1 1

amino acid analyzer 4.25

4.25 ( 100

GM 40 GD 20 RVl 40 RD 20 GF 10

Protein (g/100 gm)  13.92 1547  13.22 14.83 11.16

Iso leue ine 599 741 621 103 512
Leucine 1143 1341 1178 1282 965
Lysine 765 829 816 794 513
Methionine 315 370 317 385 264
Cystine 367 672 390 693 436
Phenylalanine 829 871 841 831 624
Threonine 487 624 481 592 429

Valine 760 882 814 832 655



433

4.26

1.20
5.53
6.93
6.53
6.27
133

(flavoring)

4.26

1.74
2-217
1.35
241
0.92
1.09

56



5
( ) , 1
4.27
4.27
1
(X (X (X () ()
) A 3.07+0.05 5.74+0.04 23.85+0.05 2.07+0.12 65.27+0.26
B 1.92+0.05 5.56+0.03 27.41+0.03 1.53+0.26 63.54+0.24
¢ 1.83+0.10 3.20+0.02 23.98+0.10 3-85+0.19 67.14+0.32
D 1.69+0.03  5-89+0.04 22.00+40.02 2.84+0.04 67.58+0.13
E  3.34+0.01  5.7040.04 21.13+0.09 2-63+0.17 67.20+0.31
RM 40 2-91+40.01 11.74+0.03 24.30+0.2 3.48+0.07 57.57+0.32
GM 40 2.23+0.06 12.22+0.09 23.76+0.04 3.46+0.07 58.33+0.26
RD 20 2*47+1.02 12.82+0.05 24.28+0.14 3.58+0.06 56.85+0.27
e 20 2.32+0.04 12.83+0.11 23.52+0.19 3.44+0.02 57.89+0.36
GF 10 2.69+0.04  9.96+0.05 23.12+0.11 3.00+0.08 61.24+0.28

100 -



4.5 ?

4.5.1
OPP/PE
2
4.28

RM 40  OPPIPE
Al

GV 40  OPP/PE
Al

RD 20  OPP/PE
Al

G 20 OPP/PE
Al

G- 10 OPP/PE
Al

Al

OPP/PE

4,55+0.02
1-82+40.07
4.04+0. 11
1.63+0.05
4,72+0.03
2.13+0. 10
4.68+0.01
2.1040.05
4,76+0.05
2.63+0.01

‘Al
4.28

Al

4.87+0.06
1.83+0.08
4.89+0.04
1.23+0.05
5.19+0.06
2.20+0.06
5.18+0.03
2%21+0*02
5.71+0.12
2.76+0.06

OPP/PE

6.07+0.05
1.87+40.05
5.58+0.13
1.42+0.09
6.19+0.06
2.29+0.01
6.46+0.11
2.12+0.04
6.12+0-10
2.53+0.08

7.0210.03
1.92+0-01
6-82+0.05
1.35+0.02
7.23+0.06
2.30+0.05
7.83+0.10
2-2040.10
8-09+0-02
2.53+0.03

58



M IHIU 1%

¢]

7k

=

3 1 . i i
2 4 6 8

TIME , weeks
1T 4.7 ! 1 !
OPP/PE 8

moi 1

3_
X/,——\u N
&,.,,_,_——————Ql—(—i —5

2+ 1§ i
*\\”//‘_\\——"

1+

0 1 1 1 1
2 4 6 8

TIME , weeks
— RM40 —  GM40 R020 - - GD20 -X- GFO
4.8 $

59



4.5.2

4.29

60

4-32 4.33



RV 40

GV 40

RD 20

@ 20

GF 10

4.29

OPP/PE
Al
OPP/PE
Al
OPP/PE
Al
OPP/PE
Al
OPP/PE
Al

8.10+0.94
7.60+1.20
7.30+1.42
7.20+1.08
6.95+1.53
7.30+1.27
7.10+0.94
6.70+1.00
5.70+1.42
6.60+1.11

OPP/PE

7-50+0.81
7.80+0.87
6.80+1.40
7.20+1.60
6.504+0.67
6.70+0.78
5.90+1.22
6.10+1.04
5.50+1.50
5.70+1.19

Al

7.60+0.92
8.00+0.45
6.60+1.69
7.40+0.82
6.50+1.12
7.10+0.54
6.50+1.02
6.50+1.02
5.70+1.27
5.80+1.25

7.40+1.02
8.00+0.63
6-50+1.20
7.30+1.10
7.10+0.54
7.00+0.77
7.20+1.08
6.90+0.94
5.60+1.28
6.00+1.00

61



o IVERATIL score

T
' \
+\\
\
8 -
K. e e——
—_— el
6 i 1 i 1
2 4 6 8
TME ., weeks
4.9 R ,
OPP/PE 8
. AVERAGE SCORE
8 //
7t \\
\\.
\\9‘
61 o “_-_’F_f_x'/__’__,___..__—x
2 2 4 8 8

TIME , weeks

—— RBRM40 —t+ GM40 ¥ RD20 8- GD20 X GF10

4.10 )
Al 8

62



RM 40

Qv 40

RD 20

@ 20

GF 10

4.30

OPP/PE
Al
OPP/PE
Al
OPP/PE
Al
OPP/PE
Al
OPP/PE
Al

1

" OPP/PE

2 4
8.10+0.54  7.40+0.66
8.00+0.89  7.50+1.20
7.20+1.17 ~ 6.40+1.56
.93+1.33  7.00+1.34
7.00+1.18  6.30+1.00
7.10+1.14  6.80+0.98
57041.10 5.40+1.20
.00+1.22  5.70+1.10
530+0.90 5.30+1.42
5.45+1.04  5.50+1.02

Al

7.60+0.92
7.80+0.75
6.60+1.02
7.40+0.92
6.60+1.02
7.30+1.00
5.50+1.20
5.90+0.94
5-20+1.25
5.80+1.25

7.80+0.60
8.10+0.54
6.90+0.94
7.50+0.50
6.63+0.98
7.20+0.87
5.80+1.47
6.50+0.67
5.30+1.22
5.90+0.83

»-

63



. IVER4GE SCORE

(= SO /x——-\x
2 4 6 8
TIME ., weeks
4.11 ) ),
OPPIPE 8

. 4VERAGE SCORE

g 4 6 2
TIME , weeks ‘
— RM40 | GM40 R020 -B- G020 GF10
4.12 ) ) )’

Al 8



RV 40

GM 40

RD 20

GD 20

GF 10

431

OPP/PE
Al
OPP/PE
Al
OPP/PE
Al

7.70+0.64
7.40+0.66
7.70+0.90
7.50+0.67
6-90+1.04
6.70+1. 10
6.20+1.47
6.40+1.36
6.60+1.28
7.02+0.98

OPP/PE

6.80+0.87
7.10+1.04
6.80+0.40
7.25+0.98
6.60+1.49
6.65+1.00
6.10+1.04
5.70+1.00
6-20+1.83
6.30+1.49

Al

7.10+1.04
7.50+0.81
7.1040.83
7.2040.87
5.90+1.87
6.85+1.23
6.20+1.25
5.90+0.94
5.50+2.38
6.10+1.64

6.30+2.10
7.2040.75
6.20+1.60
7-0040-77
5.20+2.12
6.90+1.22
4.3042.97
6.30+1.27
4.55+1.92
6.40+1.80

65

=36-



A/IERA3E SCORE

¢]

w

1

]

2 4 8 8
TIME , weeks
4.13
OPP/PE 8

. AIERAGE SCORE
8r

= NP —r\*
; ;\\ i

A

—— RM40

4.14

4 6

—— GM40

TIME , weeks
—%— RD20 B GD20

)’
Al 8

—>= GF10

66



RM 40

GV 40

RD 20

G 20

GF 10

4.32

OPP/PE
Al
OPP/PE
Al
OPP/PE
Al
OPP/PE
Al
OPP/PE
Al

6.50+1.43
7.70+0.78
7.30+1.10
7.70+0.90
6.00+1.34
6.70+1.19
5.80+1.66
5.90+1.58
7.00+1.61
7.20+1.40

7.10+1.14
7.80+0.60
6.90+0.83
7.70+1.00
6.20+0.98
7.20+0.87
6.00+0.89
6.70+0.64
5.10+1.87
6.60+1.43

)
OPPIPE

4.30+1.27
7.80+1.17
6.00+1.18
7.80+1.17
5.00+1.18
6.90+1.37
4.70+1.42
6.00+2.28
4.60+1.56
6.50+1.91

Al

3.31+2.20
7.10+1.87
4.20+1.27
7.30+1.68
3.50+1.63
6.70+2.05
3.43+1.28
6.30+1.68
3.78+1.08
7*40+1.43

6/



8/VERélGE SCORE

1 i

4.15

. VER4GE SCORE

4 8
TIME , weeks

) 1
OPP/PE

- GM40

»
@

TIME , weeks
RD20

Al

- -

GD20

)

8

GF10

GB



RM 40

GV 40

RD 20

GD 20

GF 10

4.33

OPP/PE
Al
OPP/PE
Al
OPP/PE
Al
OPP/PE
Al
OPP/PE
Al

7.30+1.42
7.60+0.92
6.95+0.91
7.20+0.87
5.80+0.87
6.7040.90
5.20+1.47
530+1.27
6.00+1.34
6.60+0.92

OPP/PE

7.1040.83
8.00+0.89
6.90+0.83
7.60+1.02
6.30+0.90
6.7040.64
5.60+0.80
5.90+0.54
5.05+1.74
6.15+1.27

Al

5.10+0.83
7.50+1.02
5.80+0.98
7.50+1.12
4.70+1.1.0
6.90+1.14
4.60+1.20
5.30+1.73
4.10+1.51
5.70+1.79

5.00+1.84
7.20+1.40
4.90+1.45
7.00+1.00
4.40+1.95
6.40+1.20
4.22+1.23
5.70+1.42
3.50+1.11
6-20+1.40

69
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. A/ERAGE SCORE

6 -
4
er
0 . A e &
TIME , weeks
4.17 1
OPP/PE 8

. AERIV3E SCORE

5t
4 1 S 1 i
2 4 8 8
TIME , weeks
—  RM40 -f- GM40 RD20 -s- GD20 -K- GF10
4.18 ,

Al 8



1

4.34
A 8
U Ay v b
( C) { { {
( ) |’
g
F
{
A 28385° 28917 5050 3021¢ 7R 2215
*
B 32756.36% 269 1566 11.73%  93.13R 8030
*
C 902.12 2.46 3308 916 1R 1205
AB 12.56* 0.32 302+ 123 1.00 1.45
AC 6.10* 0.33 0.84 0.93 143 134
BC 910.27* 0-51 8.92 6.21¢  12.36* 7.06*
ABC §.73* 0.68 2.60* 046 0.73 0.35

95
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