unn 4

Namsmamunﬁmsaiwammﬂaaa

4.1
1
(% AM) : (%1M)
cysteine cystine protease (E)
(LAV)
() % water uptake % solid loss (cooking time)
% degree of gelatinization
4.1.1
10.29 £ 0.04 0.44 + 0.07
0.33 + 0.01 8.42 ¢
0.01 052 + 0.01
90.30 £ 0.04 4.1
4.1 ( )
i *
(% ) 10.29+ 0.04
(%) 0.44£0.07
(%) 0.33£0.01
(%) §.42¢ 0.01
(%) 0.5240.01
(%) 90.30£0.04



4.1.2
2893 + 0.04
, 2.82£0.01
4.2
(%)
' (%)
* 3
4,13 cysteine
cysteine
cysteine 1.22 £ 0.01 mg /g rice flour
0.01 mg /g rice flour 4.3
4.3 cysteine

cysteine (mg /g rice flour)

cystine (mg /g rice flour)

cystine

4.2

28.93 £0.04
2.82£0.01

cystine

cystine

+

1.2210.01
0.36+0.01

3

cystine 0.36 ¢+



414
protease
4.4
*
415
60.70 £ 0.34
11.28
7.20 £ 0.27

11.41 % solid

gelatinization

39

protease
protease
0.099 + 0.003 unit/ mg protein 4.4
protease
t *
protease (unit/ mg protein) 0.099 £0.003
3
L
a (-) 0.17 £ 0.02 b (+) 8.15 £ 0.30 (E) 61.54 ¢
2.14 + 0.16
338+ 1.82
30.87 £ 0.06 % water uptake 72.66 1
l0ss 132 + 0.02 cooking time 20 % degree of
96.88 + 0.20 4.5
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% water uptake

% solid loss

cooking time (min)

% degree of gelatinization

* 3

23.61g 4.6

4.6

hardness (g)

+

60.700.34
(-)0.17 £0.02
(+)8.1540.30

61.54 £ 11.28

2.14+0.16
7.20£0.27
3.38 £ 1.82
2.00£0.05
30.87+0.06

72.66+ 1141

1.32£0.02
20.00£0.00
96.88+0.20

hardness

285.72£23.61

40

285.72 ¢



4

4.2
4.1 (% Equilibrium Relative
Humidity, % ERH) (% Equilibrium Moisture Content, %EMC)
16 1
i T\ 4 4y 3 2
14 1 y=(8x10 )x + (1x10 )x (1.72x10")x- 0.07
2_
12 - R" =0.999
10
=
w 81
]
6 -
4 -
2 -
0 )
0 100
%ERH
4.1 (% Equilibrium relative humidity,
%ERH) (% Equilibrium moisture content, %EMC)
aw
4.1 %ERH %EMC
y= (8x10 'V + (1x10 'V (1.72x10 2x- 0.07, R2= 0.999 ....coovvvireerieeeeereennnns (1)
9 12 15 NaCl (aw = 0.75), KCI
(aw = 0.842) I~ 04 (aw = 0.975) %RH
30 t 2 6



4.3
43.1
75 84.2 97.5
14.15 6
' (P > 0.05)
4.7 0-6
9.87 NaCl (aw=0.75)
t (%
'5 '5 ‘b ‘5
0.44£0.03 0.3340.01 8.42+0.01 0.52£0.01
1 0.44+0.01 0.33£0.01 8.44+0.01 0.52+0.01
2 0.44+0.06 0.33£0.01 8.44:0.01 0.5240.01
3 0.44+0.01 0.34:0.01 8.44£0.01 0.52:0.01
4 0.45:0.01 0.33:0.01 843 £0.02 0.52+0.01
5 0.44£0.06 0.33:0.01 8.43£0.01 0.51+0.01
6 0.43+0.01 0.3340.01 8.43£0.01 0.51+0.01
ab,..
(P <_0.05)
‘ns (p>0.05)

9.87 12.22

4.7 -4.9

90.30£0.04
90.28+0.03
90.27£0.01
90.26£0.01
90.27+0.04
90.29+0.03
90.30 £ 0.03

42



4.8
12.2

ns

4.9
14.15

ns

2

ab,..

'b
0.44+0.03
0.42+0.01
0.44+0.01
0.44£0.01
0.4420.01
0.44£0.01
0.42+0.01

(P <_0.05)

ab,..

KC1 (aw= 0.842)

(%

"5 "5
0.33:0.01 8.42£0.01
0.32£0.01 8.44%0.08
0.33+0.01 8.4240.01
0.33£0.01  §8.43:0.01
0.33£0.01  §.4240.01
0.33:0.01 8.44+0.01
0.32£0.01  8.4320.01

(P> 0.05)
0

K25 0 4(aw= 0975 )

"5
0.44 £0.03
0.45£0.01
0.44+0.01
0.45+0.01
0.44£0.01
0.43£0.01
0.4240.03

(P < 0.05)

=8
0.33+0.01
0.33+0.01
0.32+0.01
0.33+0.01
0.33 +0.01
0.33+0.01
0.32+0.01

(%
"5
8.42£0.01
8.42+0.09
8.43£0.01
8.43£0.01
8.42£0.01
8.43£0.01
8.44£0.03

(P> 0.05)

0-6

"5
0.52+0.01
0.52£0.02
0.54£0.01
0.52+0.01
0.51 £0.01
0.51 +0.01
0.52£0.01

-6

"5
0.5240.01
0.51 +0.01
0.52£0.01
0.52£0.01
0.52£0.01
0.5240.01
0.5240.01

43

|I5

90.30+0.04
90.28+0.09
90.28+0.02
90.27+0.01
90.30£0.01
90.29+£0.02
90.30£0.01

"5
90.30+0.04
90.28+0.15
90.28+0.01
90.27£0.01
90.28+0.03
90.29£0.03
90.30+0.01



9.87, 12.22

14.15

Chrastil (1990b)

40

43.2

14.15

3.26 £ 0.00 %

12

(%IM)

(P < 0.05)

44

(p> 0.05)

4

(%AM)
9.87 12.22

Anova

28.93 £ 0.04 %

6 28.63 + 0.01 % 28.47 + 0.01 % 2841+ 002 %

9.87 12.22 14.15

3.28+0.00 %

2.82 £ 0.01 %
3.33 £ 0.01 %

4.11



4.10

9.87, 12.22

Doab,...
(P <_0.05)
AB,.

(P <_0.05)

14.15

9.87+0.15%
28.93 £0.04"

28.84 +0.020A
28.81 £0.02cA
2879 £0.01cA
28.73 £ 0.010A
28.67 £ 0.02cA
28.63 +0.01cA

(%AM)

6

1222 £0.23 %
28,93 £0.04a
28.78 £0.011B
28.78 £+0.0118
28.74£0.01tB
28.71 £0.02¢cA
28.57£0.01dC
2847 £0.01¢B

(P> 0.05)

1415 £0.64 %
28.93 +0.04a
28.75£0.0118
28.74£ 0.017
28.69 £ 0.02¢C
28.62+0.01B
28.62£0.020B
2841 £0.02°°

45



4.11 (%1M)
9.87, 12.22 14.15 6
9.87+0.15% 12.22+0.23%
'5 282%0.0 2.82+0.00f
1 2.96 + 0.0l B 2.97 + 0.008
2 2.96 + 0.00cC 3.01 £0.00B
3 2.99 + 0.00dC 3.01 £0.00B
4 3.02 + 0.00cC 3.0440.018
3.19+0.061B 3.18 £ 0.011B
6 3.26+0.00C 3.28 + 0.008B
DA,
(P < 0.05)
AB,
(P < 0.05)
ns (P>0.05)
Bhattacharya (1978)

amylose-iodine complex

(Hot water insoluble amylose)

Swamy (1978)

Ong Blanshard (1995a; 1995b)

breakdown sethack

Chrastil (1990b)

peak viscosity breakdown

46

(%IM)
14.15 +0.64 %
2.82 + 0008
3.00 + 0.00fA
3.02 + 0.00cA
3.06 £0.007
3.13 + 0.00A
3.30 + 0.01MA

3.33+0.01"

Indudhara

stickiness
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433 cysteine cystine
cysteine cystine
9.87 12.22 14.15 6
cysteine (P > 0.05)
cystine (P <0.05)
cysteine
4 1
(P > 0.05) 5 cystine

0.54 + 0.01 mg/g rice flour 0.55 £ 0.00 mg/g rice flour 0.61 £ 0.03 mg/g rice flour
9.87 12.22 14.15
cysteine

6 0.93 £ 0.01 mg/g rice flour 0.92 + 0.01 mg/g rice flour 092 ¢

0.01 mglg rice flour 9.87 12.22 14.15
cystine 0.54 £ 0.01 mg/g rice flour 0.55 + 0.00 mg/q rice
flour 0.61 £ 0.03 mglg rice flour 6 3

4.12 4.13



412

14.15

(P <_0.05)
AB.
(P <_0.05)

ns

cysteine

9.87+0.15%
i o
1.04£0.03B8
vooto.0o(B
0.98£0.038
0.96+0.03cB
0.93 +0.03d
0.93+0.0ld

cysteine (mg/g rice flour)

12.22£0.23 %

r22 Towad
1.07+0.000%8
1.07£0.01A
09720018
0.96 £ 0.028
0.95£0.03¢
0.92+0.01Id

(p> 0.05)

48

9.87, 12.22

141510.64 %
c22 Tow:d
108+,..0
1.06 £, .. A
1.05£0.02cA

1]
101i0.01

094 +0.01e
0.92+0.01f



4.13 cystine

cystine (mglg rice flour)

9.87 £0.15%

49

9.87, 12.22 14.15

1222 £0.23 %

14.15£0.64 %

0.36 + 0.0 0.36 £ 0.01d 0.36 £ 0.00e
: 041 £0.01cC 0.48 + 0.008 051 +0.010A
. 043 +0.028 0.54 £0.027 053+0.02"
3 0.45 + 0.00¢C 051+0.01tB 055+0.02"
4 051 +0.001B 051+0.008B 0.58 + 0.028A
5 0.53£0.0288 05420018 05910.017
. 0.54+ 0.0l 0.55+ 0.00a88 061 +0.03"
Dab,..
(P < 0.05)
AB,.
(P < 0.05)
ns (P> 0.05)
12-14 4
40 12 cysteine
cystine (Chrastil, 1990b) Chrastil Zarins (1992)
disulfide (-SS-) sulthydryl
cysteine disulfide cystine
sulfhydryl bond
Barber (1972); Iwasaki (1972); Villareal (1976)

Albumin
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434 protease
protease
9.87, 12.22 14.15 6
protease (P > 0.05)
protease
(P > 0.05) 1
protease
protease 6 0.050 * 0.002 unit/mg protein
v 0.069 + 0.001 Unit/mg protein 0.074 £ 0.003 Unit/mg protein
9.87, 12.22 14.15 protease
protease
0.099 + 0.003 Unit/mg protein 0.050 + 0.002 unit/mg protein 0.069  0.001
unit/mg protein 0.074 % 0.003 Unit/mg protein 3

4.14



4.14
9.87, 12.22
r
3
4
5
: a,b,...<E|
(P < 0.05)
AB.,.
(P S 0.05)
ns

(residual nucleus)

substrate

substrate

14.15 ‘

9.87+0.15%
0.099£0.003a
0.103 +0.006a
0.087 £0.001KC
0.072 +0.000cC
0.064 £0.001C
0.060 £0.003cC
0.050 + 0.002C

WY 05 L Hn

4.13
13 143 15.7

protease

(Chrastil,

protease

5l

protease (unit/ mg protein)

12.22£0.23 %
0.099£0.003a
0.103£0.006a
0.092 £ 0.000m8
0.082+:.000B
0081 £0.,..0B
0.078 £ 0.000cC
0.069 £0.001cB

(P> 0.05)

1415+0.64 %
0.099£0.003b
0.109 £0.010a

+ (e
0 .111 = 0.002

000t 0000 DA
0.085 % 0.002cA
0.082 £c.0000A
0.074+£0.0037

Barber (1972)

525

(outer layer)

substrate

1988)

reversible substrate-receptor inhibitors

receptors

(Chrastil, 1990a)

protein (substrate-binding protein)

12-15

protease

Dhaliwal

(1991)

35

active site
substrate
substrate
substrate
substrate



43.5

Mai

9.87 12.22 14.15

uptake (%) ® > 0.05)
solid loss (%)
(P < 0.05)
( )
water uptake (%) 3 AN
0.05) 124 s water uptake '
24 ( , 2545) 20
(cooking time)
(AE)
water uptake (%)
@ >0.05)  solid loss (%) degree of gelatinization (%)

(AE)
4.15-4.19

52

protease

llard’s nonenzymatic browning

water

Anova s - 9

(>
solid loss (%)

degree of gelatinization (%)



4.15  water uptake (%) 6
9.87, 12.22 14.15
water uptake (%)
9.871 0.15%1s 1222 £0.23% 18 1415+ 0.64 ..
72.66+ 1141 72.66+ 1141 72.66+ 1141
) 63.58 £ 4.57, 70.69 +4.03/8 75.48 £ 6.23A
: 64.35 £ 6.62 70.93 £5.66A8 76.36 £ 1.03A
3 65.94% 5.45 72.36% 1.93 73.14 £ 3.39
4 63.91 *+ 1.66, 71.80% 1.77A 71.07£1.33a
64.66 + 0.47 65.78 £0.62 67.59+3.49
6 62.56 + 1.648 63.00£1.368 69.35 + 2.28A
cab,..
(P < 0.05)
AB.,.
(P < 0.05)
, (P> 0.05)
4.15 water uptake
9.87 12.22 14.15 s ,
(P > 0.05)
water uptake Villareal (1976);
Gujral Kumar (2003) water uptake 14 18 22
Bhattacharya Sowbhaya (1971) 20
75
4.15 20

water uptake

Charstil  (1990b)
sulfhydryl




(-SH-)
disulfide

4.16

9.87, 12.22

(P <_0.05)

extractable solids

Sowbhaya (1971); Pushpamma

cysteine

solid loss (%)

9.87£0.15%
1.32ii0.02a
128+, .,..MA
1.23+0.02cA
114+ 0.02dA
1.07 £ 0.02¢A
coztoolA
0.98£0.01fA

solid loss

6

Reddy (1979)

disulfide (-SS-)

54

cystine

water uptake

solid loss (%)

12.22+0.23%

(p> 0.05)

Hamaker (1994)

14.15£0.64 %

1.32:L0.02a 1.32:t0.02a
Leo o B 1.07£0.021C
117+ 0.028 0.98+0.02cC
A A - 0.96 + 0.02cC
0.97+0.02¢8 0.91£0.02dC
0.93£0.02ra 0.89£0.01dC
091 £0.01ff 0.83+0.04cC
4.16
solid loss
Villareal (1976) %
Bhattacharya
solid loss



14 18 22

4.17 Degree of gelatinization

%%

Gujral Kumar (2003)

6 solid loss

9.87, 12.22

14.15

cab,..
(P < 0.05)
AB,.

(P <_0.05)

ns

12.22 + 0.23

9.87+0.15%
96.88 +0.20a
92.93 £0.14MA
86.96 £ 0.08cA
84.78 £ 0.5 1A
82.57 +0.046A
80.57 £ 0.041A
79.45 + 0.096A

degree of gelatinization

(P < 0.05)

14.15 £ 0.64 ‘

96.88 £ 0.20 %

7741 £ 0.06 %
(1997)

peak viscosity

6

79.01 £ 0.21 %

degree of gelatinization (%)
1222+ 0.23 %

1415+0.64 %

96.88 +0.20a 96.88 £0.20a
87.90 +0.081B 87.53 £0.101C
85.02+0.258 84.98 +0.028
83.07+0.04c8B 83.00 +0.04B
80.25 + 0.02¢C 81.36 +0.05®B
78.25 £ 0.02rc 79.57 +0.04™
77.11 +0.06¢C 79.01 +0.21'B
(P> 0.05)
4.17 degree of gelatinization
9.87 £ 0.15

degree of gelatinization

6

79.45 £ 0.09 %,

Noomhorm



4.18 Cooking time

6

9.87+£0.15%

20
1 2.1

2 22

3 23
4 23
d 29
: 33
cooking time
12.22 14.15
cooking time 33 32

cystine

33

cooking time

(min)

12.22£0.23%

20
21

22

23
23
30
32

20

4.18

56

9.87, 12.22 14.15

14.15+0.64 %

20

21

23
24
25
29
33

9.87

disulfide



4.19 (AE)
12.22 14.15 6
9.87£0.15%
1 11.28+ 1.09"
. 11.32+ 1.05¢
3 1142 £1.131C
4 11,53 + 0.10KC
5 12.30+ 1.2848
‘ 1343 +0.948
a, ,...
(P < 0.05)
AB,..
(P < 0.05)
ns
4.20)
11.28 £ 1.09 1 13.43 £ 0.94
12.22
aw 0.6 -
aw 0.75
Barber (1972)
129 137 15, 10

(AE)
12.2240.23%

*

o7

9.87,

14.15£0.64 ...

*

1399 £+0.87cA 15.43+ 1.49A
1419+ 0.467 15.75 £0.98A
1436 +0.12bB 16.85 £0.98A
1434 +0.12bB 16.94 £0.98A
15.48+ 1.12bA 17.46 + 1.05A
16.94 + 1.03* 1754 + 1.27A
(p> 0.05)
9.87 12.22 14.15 6
(P < 0.05) (
9.87
13.99+0.87 1 16.94 + 1.03
14.15 1
(P > 0.05)
0.8 ( , 2545)
L a b
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4 Maillard’s nonenzymatic
browning
hydrolysis degradation reducing sugar
non-reducing sugar starch (Barber et al, 1968;
Pushpamma and Reddy, 1979) Dhaliwal (1991)
, (Maillard’s
nonenzymatic browning)
4.3.6
hardness 9.87 12.22 14.15
hardness (P < 0.05) hardness
9.87 6
hardness
03 3 hardness
14.15 hardness
03 5 4 6

4.20



4.20
9.87, 12.22
3
4
5
ars
cah,..
(P < 0.05)
AB,.
(P < 0.05)
ns 1
sulfhydryl

hardness

14.15 6

9.87+0.15%
285.72£23 .61
267.36+ 10.70B
309.30 £27.20a
304.13 £+28.0048
332.70 £33.60a8
331.70 + 28.208B
314.00 £ 56.00&

4.20

9.87 12.22

cystein

Barber (1972)

hardness (g)
1222 £0.23 %
285.72 £23.61d
311.60 £ 26.980AB
335.40 £28.48¢
425.10 + 15.307
411.80 +36.40aA
382.00 £ 49.100A
292.82 £ 19.30dd

(p> 0.05)

hardness

14.15

disulfide

hardness

59

14.15£0.64 $%
285.72 £23.61¢
284.80 £ 23.70cA
339.00 £ 50.57b
382.40 £55.407
262.70 £ 20.400C
370.40 £ 2.90"8
280.30 £ 12.40c

hardness

cystine

amylase

(The apparent initial velocities)



(Chrastil, 1990a; 1991)

12.22 14.15
site
12.22 1415
Tamaki
12 hardness
18 Mellenet (1999)

hardness

CX1.,4-glycosidic

9.87

(1993)

substrate

60

active

15
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