41"

(p>0.05)

34.08%
International Rice Research Institute (IRRI) 1972

27 % (Kongseree and Juliano, 972)

(2529) 16.5-
20.7% (2542)
34.66%
( 2522, , 2541)
25.84-33.84%
(2529) (2543)
24.0-26.3% 18-23% (2533) Atichokudomchai,

Varavinit Chinachoti (2003)
30.8% 33.4%
Aryee (2005)
31 ' 10.9-44.3% Fredriksson
(1997)



(Julaino, Onate,

, 2522,
2533,
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National 7® (Mna)
National Frigex®(Mna)

Purity 90®(Mpu)
ahC..

(p<0.05)

and del Mundo, 1965; , 2522)
( , 2533)
27-33% 20%
33%
, 2541)
2541)
!

(% wet basis) (% dry basis) (%dry basis)
11.97 &0.20 6.74£0.02 0.35¢£0.08
1201 a0.05 0.160£0.02 0.1400.04
12.560£0.19 0.07a0.00 0.08ax0.02
12.31 410.23 0.08a0.01 0.05a.0.02
12.620+0.44 0.07at0.00 0.07ax10.02

30

(%dry basis)
34.080t0.18
33.840t0.63

29.8310.32

25.84a+0.18

32.20c+0.54



31

4.2
421
5 Rapid-
Visco Analyser (RVA) ( 4.2, .2) peak viscosity
breakdown (peak viscosity - trough viscosity) pasting temperature

(pasting temperature)

( breakdown ) (Visser etal, 1997)

(Hamaker, Griffin, and Moldenhauer, 1991;
Hamakerand Griffin, 1993; Lim et al, 1999)

amylose-lipid complex

( , 2543)
peak viscosity sethack trough viscosity
(sethack/trough viscosity) sethack/trough viscosity
Mnaf Mpu Mna Haasse, Mintus
Weipert (1995) RVA
RVA
DSC 422
1 Batey (1997)

peak viscosity
breakdown sethack Bhattacharya (1999)

peak viscosity, breakdown sethack

(2533) breakdown
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peak viscosity setback

/ breakdown peak
viscosity Mna  30% peak
viscosity

setbackitrough viscosity

(R+T)

Obanni BeMiller (1997)

pasting
temperature
( , 2533)
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®)

National7®(Mna)
. National

Frigex® (Mnaf)

Purity 90® (Mpu)

RHT (4:1)

R+T+Mna(15%)
R+T+Mna(30%)
R+T+Mnaf(15%)

, C

(M

Peak Viscosity
(RVU)

170.33a0.75
288.671t0.16
266.92st1.75

400.00' £1.92
268.965+3.12
179.70e+0.87
174.67ack1.64

168.56at1.17
181.72e+0.37

Trough
Viscosity
(RVU)
137.05c¢2.13
130.750£0.58
125.73a£0.38

313.21+4.29
122.50a+0.50
153.08+0.30
149.22e+1.71

143.17a2.05
160.11%1.32

9%w/w

Breakdown
(RWU)

33.30at1.38
157.92h0.75
141.55f+1.38

86.80et2.37
146.46%2.63
26.61c0.78
25.45¢40.21

25.39¢t1.07
21.6100.97

Rapid-Visco Analyser (RVA)

Final Viscosity
(RVU)

286.54i2.21
218.21°£2.96
192.84a+2.59

540.25i7.83
195.96at0.79
305.365+4.37
235.58c2.17

205.250#0.52
319.14n+3.19

Setback
(RW)

149.50e+4.33
87.46¢£3.54
67.46e0+2.96

227.0403.54
73.460£0.29

152.28et4.51
86.36¢+0.48
62.08at2.48

159.03i4.43
(p<0.05)

Setback /
Trough
Viscosity
1.09:0.05
0.67+0.30
0.54ct0.03

0.72%:0.00
0.60ck+0.00
0.99 £0.03
0.58a0.00

0.43a0.02
0.99 +0.04

Pasting
Temperature

(C)
90.1340.38
80.60240.00
68.330£0.43

65.31at0.24
70.70ct0.40
84.50nt1.82
78.53+0.54

71.90c0.05
81.43s+0.38



4.2

9%wiw
Peak Viscosity Trough Breakdown
(RVU) Viscosity (RWU)
(RW)
R+T+Mnaf(30%) 186.06£0.77  167.81t0.86  18.25at0.08
R+T+Mpu(15%) 176.39dt1.00  149.06et0.47  27.33ct1.48
R+T+Mpu(30%) 17280259 14155311 31.250t4.39

, C

Rapid-Visco Analyser (RVA) ( )

Final Viscosity ~ Setback Setback /
(RWU) (RW) Trough
Viscosity
32217216 154.36et242  0.92ht0.02
244.19et2.07  95.14dt2.46  0.646+0.02
215.06ct383  73.500t6.58  0.520t0.06

(p<0.05)

Pasting
Temperature

(C)
80.475¢0.49
78.6740.46
74.28e+0.80
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422
5 DSC
( 43, 3)
(onset temperature, '0) (peak temperature, Tp
(final temperature, T() ‘ (enthalpy of
gelatinization, AHg) (p<0.05)
1 ( , 2543)
"0Tp ', Mnaf '@ Tp T,
Mnaf
Hamaker
(1991)  Fredriksson (1997)
(2543)
AHE AHdgl
Visser (1997) AHE
AHA
Gudmundsson  Eliasson (1992) Yasui (1996) Fujita (1998) Jane

(1999) Kohyama  Sasaki (2006)
waxy starch  Ahtcd normal starch  Sasaki, Yasui Matsuki (2000)

AfHL
Al
AHgl
"0

w1 Alg
Tp T, Ahleel
Obanni BeMiller (1997)  Ortega-Ojeda  Eliasson (2001)

DSC 0T T,

Ah)EL AT
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AHdgl
DSC (')  RVA (pasting temperature)
T0 pasting temperature pasting temperature
10 heat flux
0
pasting temperature (Jane et al., 1999)
4 7
DSC peak  regelatinization
regelatinization (AHR  peak
(Atwell et al., 1988) 4.4 ( 3 %
5 (p<0.05) %
Miles,
Morris Ring (1985)
Mpu, Mnaf ~ Mna 0
To1, AHr
4.3 /
%
% DSC
setback/trough viscosity
RVA ( 4.2)
Mnaf
RVA
(Haasse et al., 1995)
To regelatinization

(White
and Abbas, 1989; Yaun, Thompson, and Boyer, 1993)



4.3

Differential Scanning Calorimetry (DSC)

®)
(M

National 7® (Mna)
. National
Frigex® (Mnaf)
Purity 90® (Mpu)
R+T (4:1)
R+T+Mna(15%)
R+T+Mna(30%)
R+T+Mnaf(15%)
R+T+Mnaf(30%)
R+T+Mpu(15%)
R+T+Mpu(30%)
abc..

T0(C)
69.73a0.21
64.13et0.17

58.18G0.04

52.252£0.07

60.4800.45

66.54£0.20
64.62e+0.08
64.17et0.45
56.721#0.25
56.421+0.25
66.1620.03
66.0620.30

(p<0.05)

Tp(°C)
76.78e:0.13
70.20k0.70

64.000£0.35

58.54at0.45

67.13¢:0.29

80.4040.11
80.9510.02
81.16M041
80.8740.20
81.10010.58
80.4440.10
80.5012:0.19

35%wiw

Ti(C)
86.7400.56
84.44ct1.00

80.690.66

74.97at2.15

81.4300.35

89.65e+0.13
90.71e+0.54
90.72e£0.79
89.75e+0.72
89.3%t1.46
89.82e+0.47
89.81 e+0.67

37

AH®L(Jg)
11.491+0.86
14.35¢+0.45

15.04ct1.54

12.010#1.01

17.40at1.37

10.82é 0.09
11.08e0.24
11.07e20.84
10.59e0.35
9.31at1.80
10.63e20.35
10.79e20.24



®)

44

M

National 7®(Mna)

. National
Frigex® (Mnaf)

Purity 90® (Mpu)

R+T (4:1)

R+T+Mna(15%)
R+T+Mna(30%)

R+T+Mnaf(15%)
R+T+Mnaf(30%)

R+T+Mpu(15%)
R+T+Mpu(30%)

ahC..

T0(°C)

42.95a0.52
44.12a+0.45

46.90nt1.42

47.150£0.60

58.73ck1.16

47.601t0.78
48.99¢+0.25
48.99¢c+0.67
49.14¢+0.34
49.62¢+0.31
49.67¢+0.52
49.85¢+0.22

DSC

TR'C)

53.15at0.63
53.60at0.10

54.941+0.39

55.181t0.52

76.725+0.19

58.99¢+0.19

59.04at0.10
59.14akt0.10
59.35ak0.20
59.57¢e+0.00
59.62e+0.19

59.85+0.19

(p<0.09)

423

5
(%syneresis) (

Mpu
Y%syneresis

4.5,

4

64.29¢+0.35
63.201t0.10

61.57at0.43

62.551+0.61

86.87et0.87

70.8700.32
70.70a0.34
70.4200.98
70.250:0.43
70.4300.28
70.52a0.31
70.4800.11

Mnaf 0 yneresis

Ybsyneresis

A hr(Jlg)

4.86e+0.04
3.92010.83

1.52a+0.16

1.55at0.25

2610t0.11

4.0200.40
3.76a0.30
3.6810.41
4.01ck0.48
3.34c£0.07
4.100t0.26
3.82a0.11

3

%

42.44 244
21.19G2.25

10.18at0.44

13.0261.88

15.09n+0.82

37.16ck:3.98
34,01 cet3.25
33.22at1.77
37.860et3.38
36.79cet3.40
38.59e+2.24
35.48kt1.84

Mna



4.5

R
(M

: National 7® (Mna)

- National Frigex® (Mnaf)

 Purity 90® (Mpu)
R+T (4:1)
R+T+Mna(15%)
R+T+Mna(30%)
R+T+Mnaf(15%)
R+T+Mnaf(30%)
R+T+Mpu(15%)
R+T+Mpu(30%)

.C

0
17.37e+0.87
14.05ct1.80
0.00at0.00
6.32 t0.76
0.00at0.00
9.93c+0.09
33.029+1.86
29.69+2.91
33.02%2.07
31.60ft1.56
36.87ht0.66
31.68"1.16

6 %wiw

1
19.93e+0.84
18.01et1.63
0.00a0.00
1.54 &0.25
0.08a0.07
10.640t0.51
8.81ct0.11
3.29et1.09
9.480k2.65
3.40**1.00
8.99dt1.79
3.83ct1.44

2
1.01ak0.47
15.231¢0.47
0.00a£0.00
1.58e+0.11
0.072£0.03
1.10akt0.03
0.69het0.24
2314031
1.64e+0.53
2.88%0.14
1.39cet0.49
0.26e20.15

(%)
3

7.53c£0.60
0.00at0.00
1.05at0.11
16.63a3.17
4.500:0.32
1.24a+0.24

0.55a£0.14

(p<005)

4

6.82 10.08
0.000.00a
0.22a+0.02
6.47kt1.31



%syneresis Mnaf
Mna  Mpu Obsyneresis
1 Y%syneresis
(Chan and Toledo, 1976)
Mpu  syneresis
Mnaf  syneresis Mna Obsyneresis
2-4
Ybsyneresis
Mnaf (0 yneresis Mpu
3 Syneresis
Mna %bsyneresis
Y%syneresis
1 00 yneresis R+T
(0
R+T  Y%syneresis 9.93% 3
%syneresis 29.69-36.87%
15% 30%
%syneresis R+T
1
%syneresis R+T
10.64% Y%syneresis
3.29-8.99% R+T

2-4 Y%syneresis
Mna

40



gel)

(R+T)

Mna

Syneresis

porous)

(Varavinit et at., 2002)
Mna

0 yneresis

44

% syneresis
0 y eresis
BeMiller (1998)

41

(4l

(Richardson, 1988)

Yuan

(smooth
(sponge-like structure)
Mnaf  Mpu
(rough-textured
4.5 4.1
R+T

(0

Yretrogradation

Mna  Y%retrogradation
R+T+Mna  Y%retrogradation
Thompson (1998) Jacobson



(Syneresis)

(2542)

42
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14X 20X

(A) wilatudrlenasanuils National 7° (Mna)

National Frigex® (Mnaf)

() Purity 90® (Mpu)

() R+T
6%
14 20

43



14X 20X

() R#T+Mnaf (15%)

() R+T+Mnaf (30%)

() R+T+Mpu (15%)

() R+T+Mpu (30%)
41 () 6%
4 14 20

44
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4.3

4.3.1
3l
National 7® (Mna), National Frigex® (Mnaf) Purity 90® (Mpu)
Mna, Mnaf ~ Mpu
5.79-5.94, 5.95-6.01 6.15-6.27

( 13
oH 5070 (
- 2528)

( 2522 2533 | 2541)

4.3.2 National
7® National Frigex® Purity 90®

National 7®(Mna), National Frigex® (Mnaf) Purity 90® (Mpu)

( 4.6, 0) 9
1
Mna,
Mnaf  Mpu 4142 43
(contour plot)
(%) (%) Mna, Mnaf

Mou ( 4243 44 )
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4.6

, “(Y)
% W 0)/"
) ' : Mna . Mnaf : Mpu
1 0 30 7.33+0.75 6.39% 1.15 713+0.18
2 15 30 7.5520.38 6.89 £0.92 1551040
3 30 30 71.7620.45 6.89 £ 0.98 1.24+0.41
4 0 35 7.10+0.40 6.4410.16 6.82£0.13
5 15 35 1.67+0.88 7.06 £0.45 1431061
6 15 35 7.900.76 7.50£0.71 1.77+0.47
I 15 3H 1.82 £0.86 7.44 £0.08 1451033
8 30 35 7.3610.30 6.67 £ 1.26 711 +0.35
9 0 40 5.07£0.57 511 £0.16 6.46 +0.20
10 15 40 6.690.76 544 +£0.23 6.67 + 0.37
il 30 40 1.25 0.64 6.33+1.23 707030
x 2

Y = -11.29768-0.11772 M1+ 1.24529X - 0.00182 M 2- 0.02077 X2
 0.00583 M. X .oovvvvivmmmmmmsmmmmmssssnssssssssssssssssssssssssssssssssssssmsssmsmmmmmmmmsssssssss (4.1)
R-Squared = 0.8322

Y = -26.49682 +0.06977 M2+ 1.99254 X -0.00161 M2- 0.03003 X2........... (4.2)
R-Squared = 0.7416

Y = -1.00930 +0.05764 M3+ 0.51151 X -0.00155 M2- 0.00813 X2............ (4.3
R-Squared 0.6764



National 7® National

4

Y
M,, M2, M3
Figex®  Purity 2@

X (%)

40.00

37.50 ~

g SS.NL
92.50 -
$0.00 T ' T
0.00 750 15.00 250

modified tapio ca starch in flours mix (%)

4.2
National 7®

47



43

44

—
]
5
% s004 » ¢
£
8
e
-3
o
32.50
i
0.00-¢ T T  {
000 750 15.00 250 30.00

modified tapioca 'tatch ill flout’ niK (%)

National Frigex®

‘e
40.00 - #
37.50.1
z
s
o
3 x.ml K] 9
H
2
(-3
Qo
32.50 -
so.oof T
0.00 750 15.00 250 30.00

Purity 90s

modified tapioca'farcit ill flout' mix {%)

48



contour plot

Mnaf  Mpu

contour plot
partial differentiation
Shelke (1990) RSM
noodle

Mna, Mnaf -~ Mpu

18.6%

44 (45,

32.9%

49

Mna

partial differentiation
Chinese wet

20.3, 218
328, 332 315%

) partial differentiation

19.4%

Y -12.21393-0.04421 M+ 1.22945 X-0.00166 M2-0.01964 X2+

0.00330 MX ..o

R-Squared 0.6488
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Y
M National 78 National Frigex®
Purity 908

X (%)

40, - —39

61161
37.50
g 35.0009 % 39
250
T T = T 4

0.00 50 15.00 2250 30.00
moditied tapioca starch in flours min (%)

4.5

4.3.3 Tensile strength  Extensibility
tensile strength  extensibility

texture - analyzer TA-XT2 ( 47 48, T 8)
tensile  strength
4546 47 National 7® (Mna),
National  Frigex®  (Mnaf) Purity - 90® (Mpu) extensibility
4.8,
49 410 National 7® (Mna), National Frigex® (Mnaf)

Purity 90® (Mpu)
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T = -1.16985-0.06622 M1+ 0.14500 X .....ovvvvvvvvvvvrrssrssssssssssmmmmmmmmsnnmnnennnnnn (4.5)
R-Squared = 0.8387

T = -2.98727-0.03900 M2+ 0.19700 X ...ooovesssssssssssssensssessrssssssssssssssssssseness (4.6)
R-Squared = 0.9676

T = 7.50399 +0.01862 M3- 0.45904 x + 0.00054 M2+ 0.01003 X2-
0.00237 M3 .coorrneerrrsssssssssssssssssssssssssssssssmssssssssssssssssssssssssssssssses (4.7)
R-Squared = 09971

E = 7.70803 +0.21078 M1+ 0.3113 X ..ovvvvvvvvvvvvvvvssmmmmmmmmmmmmmmmmmmmmsssassssaannns (4.9)
R-Squared = 0.8278

E = 2823826 +0.54861 M2- 0.17717 X -0.00161 M2- 0.01350 M ........ (4.9)
R-Squared = 0.8355

E = 203379 +0.17222 M3+ 048567 X ....oorvssssssssssssnnsnsssesssssssssssssssssssess (4.10)
R-Squared = 0.7464

T Tensile strength (g/mm2
E Extensibility &)
MLM2 M3 National 78, National
Frigex®  Purity 908
X (%)
tensile strength
extensibility
Mna, Mnaf  Mpu( 46,47 48 )
tensile strength
extensibility tensile strength

tensile strength extensibility
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extensibility ( , 2533;
Smewing, 1997) tensile strength
extensibility Mnaf tensile strength
extensibility
Ma  Mpu Mnaf
tensile  strength extensibility
tensile strength extensibility
(R+T)
tensile strength
extensibiity  (  4.6-4.8) ( 45)
tensile strength  extensibility
(49411
tensile strength extensibility
tensile  strength extensibility tensile strength
extensibility
M ( ) X( )
432 M 194 X
32.9 4.5-4.10 tensile
strength 2.32, 274 231 glmm2 extensibility 22.04, 23.83
21.35 Mna, Mnaf ~ Mpu (2533)

tensile
strength extensibility

tensile
strength extensibility tensile  strength

extensibility
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Batey (1997)
Bhattacharya (1999) 421
Batey (1997) Bhattacharya
(1999)
(Obanni  BeMiller, 1997)
4.7 Tensile strength
Texture Analyzer TA-XT2
tensile strength (g/mm2*
M % M
) : Mna . Mnaf - Mpu

1 0 30 2.8910.15 2.870.14 2.74+0.15
2 15 30 2.60£0.13 2.39£0.18 2.09+0.19
3 30 30 1.5410.75 1.940.11 1.70+0.08
4 0 35 4.13+0.29 4,090.16 3.75:0.17
5 15 35 2.6210.20 3.2740.20 2.9410.13
6 15 3 2.4740.12 3.16+0.18 2.8710.20
7 15 3% 2.5310.18 3.1840.19 2.8910.19
8 30 3 1.8710.12 2.54+0.10 2.2140.16
9 0 40 5211011 4.95£0.22 5.1910.23
10 15 40 33140.21 4.240.25 4.13+0.18
i 30 40 2.8610.20 3.9240.12 3.4410.17



O OO N o O B W N -

B s

4.8

(M %

15
30

15
15
15
30

15
30

Extensibility
Texture Analyzer TA-XT2
[ (X, %

) ) . Mna
30 17.8912.16
30 22.14£1.94
30 22.171.96
3% 17.76£2.19
3 20.2312.03
3 21.880.56
3 2143152
3% 24.39£3.25
40 19.63i1.41
40 24.223.17
40 21.69£3.77

extensibility (mm)*

: Mnaf

23.0242.27
24.43+1.73
21.5411.97
21.42+2 37
23.17+2.24
24.19+2.42
24.32+2.25
23.2811.42
21.01+2.27
21.11+2.13
21.48+1.83

: Mpu
17.86+2.04
17.94+1.06
22.07+1.23
19.22+2.87
20.61+2.07
22.84+2.18
22.31+1.93
22.48+1.63
21.12+1.54
22.17+1.75
29.15+2.34



concentration (°o)

concentration (°c)

2000 9
8750
35009 9
3250~
0m T ¥ T

0.00 750 15,00 250 3000

moditied tapio ca starch in flowrs min (%)

()
46

National7®

40.00 -9

N

37.50 =

25009

2.0 T 8 T ?
0.00 750 15.00 2250 30.00

modiriod tipioc.x 't.iidi in tlour- nik {*.)

()
47

concentration (%)

tensile strength ( )

concentiation (“o)

tensile strength ( )

National Frigex®

moditied tapioca starch in flour min (%)

()
extensibility ( )

40009 o
37.50
%009 ?
250
S T g T
0.00 750 15.00 2250 30.00

modified t.ipbc.i st.nch in tlolll" mix (+/.)

()
extensibility ()



concentration (°c)

concentiation (°c)

40.00 0
8

37.50

35.009

32.50

e ¢ T i T

0.00 750 15.00 2250

moditied tapioca starch in flowrs mix (%

?)

()

9

30.00

concemtration (%)

56

40,0049 -
3750
35004 ®
3250
i T \ B T
000 750 1500 2% 3000

4.8 tensile strength ()

Purity 908

I
0.00 780 16.00 20 20.00

moditied tapioca starch in flowrs min (%)

()
49

National7®

concentration (“¢)

moditied tapioca starch in flours mix (%)

()
extensibility ( )

0.00 780 18.00 280 30,00

exten

moditied tapio ca starch in flours min (%)

()

tensile  strength ( )
sibility ()



concentration (o)

concentration (%)

e — .
0.00 780 16,00 2250 2000
modified tapio ca starch in flours min (%)

()

4.10

National Frigex®

T T .
0.00 750 16,00 280 2000
modified tapio ca starch in flour mix (%)

()

411

Purity 908

5/

concentration (o)

X )
0.00 780 15.00 280 80.00

moditied tapioca starch in flowrs mix (%)

()

tensile  strength ( )
extensibility ()

40003

97,

L] 1
000 7.90 1940 2 3000
modified t.ipioca T.irch in tloni' mix { )

()

tensile  strength ( )
extensibility ()
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32.9%

4.3
3 1

National Frigex® (Mnaf)

%08 (Mpu)

-18
44.1
3
20 -18
(p>0.05) (
73.83-75.00 71.83-80.67

0.39 / 0.52-0.54

Normal freezing
(Boegh-Soerensen and Jul, 1985)

()

-18

58

(Air-Blast Freezer)

19.4%

2
National7® (Mna) 2
3 Purity
4.9, 8 9 )
0.38-
/

0.3-1.0 /

2
(2548)
8



49
20

RtT+Mna  73.83£2.75 79.83£3.88
R+T+Mnaf  74.9245.28 80.67£0.76
R+T+Mpu  75.00£3.04 77.83t1.53

442

(p<0.05)

Mnaf

2.69%

1.33%

5

-18

( F)
° k)
0.39:0.01 0.5310.03
0.3920.27 0.5240.01
0.3810.02 0.540.01
(p>0.05)
44.1
( 4.10, 10)
(p>0.05)
(2539)
(2542)

0.90-1.10%



410

R+T+Mna
R+T+Mnaf
R+T+Mpu

45

extensibility

451

4.12,

holding capacity)

1.02+0.08
1.08+0.08
1.06+0.03

(p<0.05)

1)

60

(%)

0.95a£0.05
1.100£0.07
1.06e2+0.06

(p>0.05)

tensile strength,

(p<005) (41

(Jul, 1984)
(water

(Redmond, Gormley, and Butler, 2003)



Mna

R+T+Mpu %

(Varavinit et al., 2002)
(Jul, 1984)
(2548)

-18
0.57-0.71%

(%syneresis)

Mpu

%syneresis

(p<0.05)
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Freeze-thaw
cycles

0

B oW N e

abc

ABC

4.12

Freeze-thaw
cycles

0

= w0 DD e

A /B, C

R+T+Mna
0.32640.04
0.29640.02
0.28040.02
0.08A0.03
0.00a4:0.00

(p<0.05)

(p<0.05)

R+T+Mna
0.44a8:0.03
0.46c8:0.02
0.4243:0.04
0.34(80.03
0.29a8:0.05

(p<0.05)

(p<0.05)

R+T+Mnaf
0.54e8:0.03
0.4008:0.01
0.2904+0.02
0.0704:0.03
0.0024+0.00

R+T+Mnaf
0.498:0.03
0.510C+0.02
0.3104:0.03
0.3208:0.01
0.00a4+0.00

(%)
R+T+Mpu
0.55cB0.04
0.32640.03
0.29740.03
0.27180.03
0.00a4:0.00

(%)
R+T+Mpu
0.31040.03
0.31040.02
0.310A4:0.01
0.30040.01
0.0024:0.00
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45.2

(1986)

413 414,

13

(p>0.05)

(2539)

(mashed potato)

R+T+Mpu)
(2539)

63

14)

()
Olalquiag
(2541)

Mpu)

Redmond (2003)

(p<0.05)

(412

Szymonska



Wodnicka (2005)
(pore dimension)

(p>0.05)

Mnaf
Mnaf

0-1)

2542 | 2508)

(2544)

Mnaf

, 2539;

(ireversible)

(44



413

Freeze-thaw
cycles

b

abc..

4.14

Freeze-thaw
cycles

R+T+Mna
6.89ai1.18
6.6 700091

7.17c0.86
6.22axt1.11
6.00dx1.19

5.8920.90

(p<0.05)

R+T+Mna
6.94c+0.64
6.67ct1.19
7.06¢t1.06
5.610t1.20
5.17d#1.20
4.72at1.18

(p<0.05)

R+T+Mnaf
7.44040.92
6.78a0.94
711137
6.72a10.96
6.61a+0.98
6.50at1.42

R+T+Mnaf
7.000+0.97
6.721¢0.83
6.940+0.80
6.330+1.28
5.3%t1.14
4.72at1.23

65

R+T+Mpu
7.39£0.98
6.56at0.78
6.78at1.31
6.44at1.29
6.33at1.13
6.33at1.24

(p>0.05)

R+T+Mpu
6.890.96
6.391.29
6.330:1.24
5,56at1.25
5,3330.97
4,89t1.13

(p>0.05)



National 7°

4.12

350

66
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453 Tensile strength ~ Extensibility

tensile strength  extensibility

tensile strength ~ extensibility 2 (p<0.05)
( 4.15-4.18, 1-.19 '
Mna  tensile strength
Mnaf extensibility 2
Mnaf ( - 3
Mna ) ' Mpu (
1 Mna
) tensile strength — extensibility Mnaf
peak viscosity  setback
Batey (1997) Bhattacharya (1999)
Mna  Mpu

(Obanni and BeMiller, 1997)

) tensile strength
Mna
Mnaf  Mpu extensibility
Mna Mnaf Mpu
( ) Cauvain
(1998)  Barcenas (2003)
(hardness)
(Crumb)
(crust)

tensile strength extensibility
extensibility
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Redmond (2003)

Szymonska  Wodnicka (2005)
(enzymatic  digestibility)

(Peterson,
Fanelli, and Gunderson, 1968)
tensile strength ~ extensibility
tensile strength ~ extensibility
() (p<0.05)
(Varavinit et al., 2002)
drip loss tensile strength
extensibility tensile  strength
extensibility ,
Mnaf

Mnaf



4.15 Tensile strength

Freeze-thaw

cycles R+T+Mna
2.00040.21
2.2304+0.22
1.9004+0.17
1.370A40.14
1.470A+0.05
0.32a4+0.05

B~ o NN e O

ab,cC..
(p<0.05)

ABC..
(p<0.09)

41

D

Tensile strength

Freeze-thaw

cycles R+T+Mna
1.75680.21
1.49d40.14
1.28040.13
1.16108:0.11
1.12040.10
0.2684+0.04

B~ oW NN e O

(p<0.05)
ABC
(p<0.05)

Tensile strength (g/mm2)

R+T+Mnaf
2.3480.90
2.4504+0.25
2.3480.20
1.910G+0.14
1.780G:0.09
0.41a8:0.04

Tensile strength (g/mm2

R+T+Mnaf

2.27e80.26
2.05d30.20
1.6380.17
1,568:0.08
14118:0.12
0.41a+0.02

R+T+Mpu
2.31e80.14
2.35640.22
2.02d40.11
1.7630.14
145[8:0.12
0.44a+0.05

R+T+Mpu
2.19e30.13
1.71c8:0.22
1.62a0B:0.15
1.55@H0.11
1.388:0.13
0.35a8:0.04
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4.17 Extensibility

Freeze-thaw
cycles R+T+Mna

23.95042.61
24.65 +1.34
23.0708+1.84
21.160/8+1.18
20.970A4+1.90
15.77a1.39

s 0w NN e O

(p<0.05)

ABC
(p<0.05)

4.18 Extensibility

Freeze-thaw
cycles R+T+Mna

19.52d%8¢1.99
15.96t0At1.45
17.37d42.59
15.56tBt1.36
12.77a1.22
11.9848+1.09

B~ Lo D e O

abc.

(p<0.05)
ABC

(p<0.05)

Extensibility (mm)

R+T+Mnaf
23.18ad43.42
25.9268+1.90
24.290H8¢2.29
21.98mC+0.99
20.7604:0.90
18.00a8+1.50

Extensibility (mm)

R+T+Mnaf
20.618:1.93
211481 .98
21.428t1.94
18.451Gt1.35
15.6381.42
15.774x1.38

R+T+Mpu
22.31 4106
23.046A1.58
207 a1 71
20.81711.41
19.55041.75
15.728A1.56

R+T+Mpu
18.806t1.56
15.600A0.66
18.29¢¢1.16
13.556¢1.24
11.98041.20
6.41aA¢10.59

70



	บทที่ 4 ผลการทดลองและวิจารณ์
	4.1 องค์ประกอบทางเคมีของวัตถุดิบ
	4.2 สมบัติทางกายภาพของวัตถุดิบ
	4.3 การศึกษาสูตรที่เหมาะสมในการผลิตก๋วยเตี๋ยว
	4.4 การศึกษาภาวะที่ใช้ในการแช่เยือกแข็งผลิตภัณฑ์แผ่นก๋วยเตี๋ยวและก๋วยเตี๋ยวหลอดไส้กุ้งโดยใช้เครื่องแช่เยือกแข็งแบบลมพ่น (Air-Blast Freezer)
	4.5 การศึกษาผลของการแช่เยือกแข็ง-การละลายน้ำแข็งซ้ำต่อการเปลี่ยนแปลงคุณภาพ ของผลิตภัณฑ์แผ่นก๋วยเตี๋ยวและก๋วยเตี๋ยวหลอดไส้กุ้งที่ผ่านการแช่เยือกแข็งแบบลมพ่น


