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Thesis Title Effect of Heat-Moisture Treatment on Rheological Properties and

Retrogradation of Rice Starches Differing in Amylose Content

Author Miss Parida Khunae
Major Program Food Technology
Academic Year 2007
ABSTRACT

Starches from Glutinous rice (1.41% amylose), Jasmine rice named Khao Dawk Mali
105 (14.96% amylose) and Chiang rice (20.16% amylose) were exposed to heat-moisture
treatment (HMT) at 100 °C for 16 hours and at different moisture levels (18%, 21%, 24% and
27%). The effect of heat-moisture treatment on structural and thermal properties of these three
rice starches was investigated. The HMT did not change the size, shape and surface
characteristics of rice starch granules. The A-type crystalline pattern of rice starches remained
unchanged after HMT. The relative crystallinity (RC) and the ratio of short-range molecular order
to amorphous (RSA) of heat-moisture treated Glutinous and Jasmine rice starches decreased with
increasing moisture level of the treatments. In contrast, the RC of the treated Chiang rice starch
remained practically unchanged. A peak of V-type crystalline was clearly presented in all treated
Chiang rice starches. The peak became progressively stronger with increasing moisture level of
the treatment. Differential scanning calorimetry (DSC) of all treated rice starches showed a shift
of the gelatinization temperature to a higher temperature. Increasing moisture level of the
treatments increased the onset gelatinization temperature (T,) but decreased the gelatinization
enthalpy (AH) of rice starches. A broad gelatinization temperature range (T -T,) with a biphasic
endotherm was found for all treated Chiang rice starches and Jasmine rice starch after HMT,..
Additionally the (T-T,) of treated Chiang rice starches increased linearly with increasing
moisture level of the treatments. HMT had an impact on the reological properties as studied by a
Brabender viscograph and a rheometer. After HMT, the pasting temperature (T,) of rice starches
shifted to the higher values. Increasing moisture level of the treatments increased the T, of rice

starches. From flow behavior test, all treated rice starch pastes (4%, w/w) showed a shear thinning
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behavior, the apparent viscosity decreases with increasing shear rate. The consistency coefficient
(k) of treated Chiang rice starches decreased with moisture level of the treatments, while the flow
behavior index (n) exhibited the opposite trend denoting slight shear thinning behavior. All native
rice starches exhibited a combined hysteresis loop indicating a time-dependent shear thinning,
thixotropic behavior. After HMT, Jasmine and Chiang rice starches trended to exhibit a time-
independent behavior. The storage modulus (G') of gel from treated Jasmine and Chiang rice
starches increased with increasing moisture level of the treatments. There was no retrogradation
occur for both native and treated starch gels from Glutinous and Jasmine rice during storage at
4°C over storage time. In contrast, for native and treated Chiang rice starch gels, the RSA and the
instantaneous elastic (G,) increased rapidly for the first 24 hours of storage time and then
increased slowly with time until reached a constant value. The retrogradation rate calculated by
Avrami equation for both native and treated Chiang rice starch gels was not significantly

different.
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Table 3. Heat-moisture treatment conditions for starches

Starch Temp Time Water content Reference
Source (C) (%)
Potato 100 10h 30 Gunaratne and Hoover (2002)
120 1h 20-25 Lim et al. (2001)
100 16 h 18-27 Kulp and Lorenz (1981)
90-130 24 h 17-26 Vermeylen et al. (2006)
84-105 16 h 20-36 Eerlingen et al. (1997)
Sweet potato 110 0-16 h 25 Lilai et al. (1999)
110 3h 25-28 Singh et al. (2005)
Bambara 100 16 h 18-27 Adebowale and lawal (2002)
groundnut
Taro 100 10h 30 Gunaratne and Hoover (2002)
Yam 100 10h 30 Gunaratne and Hoover (2002)
90 10 h 18-30 Naksriarporn et al. (2005)
Wheat 100 16 h 18-27 Kulp and Lorenz (1981)
Maize 100 16 h 30 Hoover and Manuel (1996b)
120 1h 25,30 Lim et al. (2001)
Legume 100 16 h 30 Hoover and Manuel (1996a)
Breadftruit 100 16 h 18 Adebowale et al. (2005a)
Finger millet 100 16 h 20-30 Adebowale et al. (2005b)
Red sorghum 100 16 h 18-27 Adebowale et al. (2005¢)
New cocoyam 110 16 h 18-27 Lawal (2005)
100 10h 30 Gunaratne and Hoover (2002)
White sorghum 100 16 h 18-27 Olayinka et al. (2006)

Mucona bean 10 16 h 18-27 Adebowale and lawal (2002)
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5.4 MSINAT INSINTATY (Retrogradation)
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Table 4. Chemical compositions of starches obtained from Glutinous, Jasmine and Chiang rice

Starch
Chemical composition
Glutinous Jasmine Chiang

Protein (%wb) 0.24+0.00 0.34+0.00 0.56+0.01

Fat (%wb) 0.46+0.02 0.47+0.02 0.51+0.01

Ash (%wb) 0.17+0.00 0.18+0.02 0.21+0.04
Moisture (%wb) 10.21£0.05 7.67+0.53 12.19+0.04
Amylose equivalent (%db) 6.09+0.46 18.87+0.15 30.40+0.46
Soluble amylose (%db) 1.41+£0.24 14.96+0.70 20.16+0.07

Note: Each value is mean of triplicate + SD.
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Figure 12. SEM micrographs (x5000) of native rice starches : Glutinous (a), Jasmine (b) and
Chiang (c) and heat-moisture treated rice starches at 27% moisture content :

Glutinous (a*), Jasmine (b*) and Chiang (c*)
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Figure 13. Crystallinity pattern of native and heat-moisture treated Glutinous rice starches at 18%

(HMT,,), 21% (HMT,)), 24% (HMT,,) and 27% (HMT,,) moisture content
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Figure 14. Cyrstallinity pattern of native and heat-moisture treated Jasmine rice starches at 18%

(HMT,,), 21% (HMT,)), 24% (HMT,,) and 27% (HMT,,) moisture content
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Table 5. Relative crystallininty and ratio of short-range molecular order to amorphous (RSA) of
native and heat-moisture treated rice starches at 18% (HMT ,), 21% (HMT,,), 24%

(HMT,,) and 27% (HMT,,) moisture content

ratio of short-rang molecular

Starch Treatment Relative crystallinity (%)
order to amorphous

Glutinous native 33.53"+0.39 0.74"+0.01
HMT,, 35.14'+1.22 0.73°+0.01
HMT,, 33.89"+0.54 0.72+0.01

HMT,, 32.56°+0.23 0.70°+0.01
HMT,, 31.23°41.10 0.70°+0.02

Jasmine native 28.45'¢1.15 0.7"+0.01
HMT 27.71"+2.56 0.69'+0.02

HMT,, 27.62"+1.56 0.68 '+0.02

HMT,, 26.03+0.76 0.67+0.01

HMT,, 24.73°40.76 0.67"+0.01
Chiang native 29.92"+1.05 0.69 °+0.00
HMT,, 28.58"+0.00 0.68 “£0.00
HMT,, 30.77"+0.04 0.67 "+0.00

HMT,, 30.46"+1.06 0.67'+0.01

HMT 30.31"+0.00 0.67'+0.01

27

Note : Each value is mean of duplicate + SD. Different superscripts in the column for each

rice starch denote significant differences (p<0.05).
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Figure 20. Relationship of onset gelatinization temperature (To) of heat-moisture treated

Glutinous, Jasmine and Chiang rice starches and moisture content of the treatments
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Figure 21. Relationship of gelatinization temperature range (Tc-To) of heat-moisture treated

Chaing rice starch and moisture content of the treatments
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Table 6.  Gelatinization parameters of native and heat-moisture treated Glutinous, Jasmine and
Chiang rice starches at 18% (HMT ), 21% (HMT,,), 24% (HMT,,) and 27% (HMT,,)
moisture content

Starch Treatment To Tp Tc AH Tc-To
Native ~ 59.44°+022 66.72°+0.43 72.59°+0.33 14.65"+0.66 13.52+0.35
HMT,  63.87°:0.51 71.03't033 79.13":0.27 14.84'+0.26 14.45"+0.50

Glutinous . . \ " "
HMT,  67.24+0.64 73.78+023 82.12'+0.53 14.58"+0.57 14.03"+0.13
HMT,,  69.56+0.51 7647031 82.53+0.67 13.57°+0.14 12.80°:0.49
HMT,,  71.26+0.54 77.36't030 82.56't0.39 11.87°+0.70  11.49°+0.38
Native  60.75£0.44 66.50'+0.33 71.17°+0.28 11.53"+0.34 10.52+0.14
HMT,,  64.18°:037 69.97°+031 76.82°+0.31 11.77+0.60 12.37"+0.20

Jasmine . . . \ "
HMT,  66.68+0.27 73.42'+0.52 79.07°+0.25 11.98'£0.65 12.40"+0.23
HMT,,  68.54°:0.44 74.97'0.65 80.04'+0.33 10.19°+0.24 11.94°+0.24
HMT,,  69.53'+0.45 75.08'+0.55 82.49'+0.50 8.87°+0.68  12.96'+0.69
Native  69.81°40.08 73.86+0.16 77.75+0.38 12.64"+0.69  7.94°+0.37
. HMT,  72.46+0.16 76.76'+0.24 83.26'+0.30 13.25+0.39  10.80°+0.35
Chizn HMT, ~ 73.50°:0.48 83.38'+0.37 86.60+0.22 12.62"+0.68 12.33°+0.40
HMT,,  75.66':0.64 85.03'£0.20 87.60'+0.54 11.69°+0.31 13.15+0.47
HMT 77.17'+0.62 86.03'+0.36 88.73°+0.17  9.78°£0.31  14.04'+0.44

27

Note : Each value is mean of duplicate = SD. The different superscripts in the column for each

rice starch denote the significant differences (p<0.05).
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Table 7. Swelling power and water solubility of native and heat-moisture treated rice starches

at 18% (HMT,y), 21% (HMT,,), 24% (HMT,,) and 27% (HMT,,) moisture content

Glutinous Jasmine Chiang
treatment Swelling Solubility Swelling Solubility Swelling Solubility
power (%) power (%) power (%)

Native ~ 43.81°+0.28  12.56'+0.19  24.43'+0.12  17.52'+0.15  19.90'+0.05  19.20'+0.69
HMT,  3328°40.09 6.9540.69 14.14+037  7.67+031  14.53'+0.11  12.75'+0.20
HMT,, 26114041  6.61"+0.21  12.61“+0.18  7.14+0.04  13.79°+0.24  10.85+0.13
HMT,, 25594042  7.14°+0.11  13.04'+0.54  5.99'+0.08  12.77+0.49  9.30"+0.09

HMT 2577°40.11  7.03°+0.55 12374029  5.59°+0.11  12.29+0.49  8.97%+0.11

27

Note : Each value is mean of duplicate = SD. The different superscripts in the column for each

rice starch denote the significant differences (p<0.05).



50

L O Native [ HMTI18 EHMT21
= 40 - BHMT24  EHMT27
e

5 3 i
z 2 S
30 - | |
g5
R I N sz
= 5 20 |- s
o = s
E ) &5«:
73] E - *}/"}
+\Vﬁ
2 10 - S
0

Glutinous Jasmine Chiang

AN 22 ﬁ"lﬁlﬂﬂﬁW@Qﬁ’Jﬂlﬂﬂﬁ@ﬂi{%%}??mﬁﬂ’J amﬁ%%’nmmaﬂmﬁ 105 Llﬁgﬁ@"lﬁe’“]fslgl}”l’f]
dy ' [ [ Y Y dy A Y dy Y
RYINOULASHAINTAALYTAIIANNTOUTUNTLAVANUTUT oL 18 (HMTIS),
21 (HMT,), 24 (HMT,,) tag 27 (HMT,,)
Figure 22. Swelling power of native and heat-moisture treated of Glutinous, Jasmine and Chiang
rice starches at 18% (HMT ,), 21% (HMT,,), 24% (HMT,,) and 27% (HMT,,)
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Figure 25. Pasting profile of native Glutinous Jasmine and Chiang rice starch

90 180
- A Pasting temperature = Setback ’

85 r » -4 120

80 r 4 60

Pasting temperature (C)
(N4) oeqPs

75 0

17 20 23 26 29
moisture content (%)

§ o o d ' 1 A A { 1 v o [
ﬂ']Wﬁ 26 ﬂ’JﬁJﬁ'lJWU‘ﬁizﬁ’ﬂﬂﬂ'lqmﬁgiﬂﬁmﬂa‘c’JL!LL“]JﬁQﬂ’NNWﬁ@LLﬁ%ﬂ"Iﬂ']iﬁM@’Jﬂﬂﬁﬁiﬂ‘]_l
A dqo o ¢ ¥ A
ﬂ’JHJGD'uVIGlGIfGlUﬂTiﬂﬂ!L‘]Jﬁﬁ@'li“lf‘lﬂ?mﬂ\‘]
Figure 26. Relationship of pasting temperature and setback and moisture level of treated Chiang

rice starch

64



A 1 a J = J 9 v 9 A . A Yy 9 J 9 oy o Y
ATNN 8§ MWITIUADINWNANUHUAVIITANITFUIININNITIAAIYATDI Brabender viscograph NANUUNUUUDITAANTFIDYAS 6 (Iﬂﬂu']W‘Llﬂllﬁ\i)

Table 8. Viscosity parameter from brabender viscograph of rice starches at 6% (w/w)

Pasting temperature Peak viscosity Viscosity Breakdown Setback
Starch Treatment 5 . 5
(Tp) (Pv) at 95C 15min (Hv)  at50 C (Cv) (Pv-Hv) (Cv-Hv)
Glutinous Native 64.0+ 1.1 788.3"+17.7 363.3°+5.7 446.7'+5.8 425.0'£17.7 83.3"£7.1
HMT,, 65.0+ 0.0 826.7'+23.1 415.0"£15.0 480.0°+18.0 411.7°£12.6 65.0° +5.0
HMT,, 68.0"£0.0 786.7°+20.8 410.0"+10.0 476.7+11.6 376.7°+11.6 66.7" 5.8
HMT,, 68.5'+1.7 753.3"£15.3 396.7°+11.6 465.0"+8.7 356.7°+5.8 68.3" 2.9
HMT,, 72.00.9 751.7+22.6 395.0"£2.0 4433"£15.3 356.7'2.9 48.3°+5.8
Jasmine Native 69.5+0.0 348.3"+7.6 235.0°40.0 405.0"+5.0 113.0+7.6 170.0° £5.0
HMT,, 71.5°%1.1 356.7"£17.7 303.3"£10.6 536.7+11.6 53.3°+7.1 233.3"435
HMT,, 72.0"+0.9 350.0"+10.0 295.0°+5.0 528.3'+12.6 55.0"+5.0 233.3"+7.6
HMT,, 73.0°£0.9 3433"+5.8 298.3"+2.9 516.7'+5.8 45.0"+5.0 2183" 2.9
HMT,, 76.0'+0.9 340.0"+5.0 306.7'+5.8 521.7¢18.9 33.3'+2.9 215.0°+13.2
Chiang Native 78.5°+0.0 - 331.7°42.9 528.3'+7.6 - 196.7" 0.0
HMT,, 80.0'£0.0 - 388.3"42.9 521.7'+5.8 - 133.3" 2.9
HMT,, 82.5+0.9 - 368.3°+2.9 485.0°+5.0 - 116.7°42.9
HMT,, 84.5"+0.0 - 281.742.9 351.7°42.9 - 70.0'£5.0
HMT 86.0"+0.9 - 191.7°42.9 223.3°42.9 - 31.7°42.9

27

Note : Each value is mean of triplicate + SD.

The difference superscripts in the column for each rice denote the significant differences (p<0.05)
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Table 9. Consistency coefficient (k) and flow behavior index (n) of native and heat-moisture treated rice starches

Starch Treatment k (Pa.s") n Moo
Glutinous Native 10.77°£0.64 0.27°+0.01 0.333"£0.002
HMTI18 10.40 *+0.22 0.2940.01 0.401°+0.013
HMT21 10.88 “+0.52 0.29“+0.00 0.399°+0.005
HMT24 9.94™+0.18 0.28°+£0.00 0.347"+0.032
HMT27 9.63"+0.28 0.28°+£0.00 0.335"+0.003
Jasmine Native 3.2°+0.14 0.39+0.00 0.191 "+0.006
HMTI18 1.60°+0.41 0.43 °£0.02 0.112°+0.020
HMT21 0.84 °+£0.04 0.48"+0.00 0.075 °+0.003
HMT24 0.23°+0.01 0.62"+0.01 0.038 “+0.001
HMT27 0.19+0.01 0.62"+0.01 0.033 “+0.001
Chiang Native 1.48"°+£0.22 0.46 °+0.02 0.120"£0.008
HMTI8 0.62"+0.02 0.52"+0.00 0.066"£0.001
HMT21 0.46"+£0.02 0.55 °+0.00 0.049°£0.012
HMT24 0.16°40.02 0.65"+0.01 0.033 “+0.002
HMT27 0.07 °+0.00 0.74°+0.00 0.021 °+0.001

Note : Each value is mean of triplicate + SD. The difference superscripts in the column for each rice denote the significant differences (p<0.05)

89



69

1.50

1.25 X Glutinous

¢ Jasmine

1.00 X O Chiang

0.75

Viscosity (Pa.s)

0.50

0.25

100 1000
Shear rate (1/s)

0.00

—
(=]

~ v o J A o A L)) =} 4
,Mnn 27 ﬂ’N?Jﬁll‘Wu‘ﬁﬁll’ENﬂ’J"Ill1’iLlﬂ‘ﬂi"lﬂg]uﬂg@@]ﬁ"IﬂTim@uEU@\‘iﬁ@]”li%“ll"nLﬁuEJ'J a7y
9 a J 9 dy 1 [y Y 9 dy
V1IVNIADNNEa 105 HAZEASFUIARBINOUNTAALYTAIIANNTOUTU
Figure 27. Relationship of apparent viscosity and shear rate of native starches obtained from

Glutinous Jasmine and Chiang rice
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Figure 29. Relationship of apparent viscosity and shear rate of native and heat-moisture treated

Glutinous Jasmine and Chiang rice starches at 18% (HMT ), 21% (HMT,,), 24%

(HMT,,) and 27% (HMT,,) moisture content
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Table 10. Vicoelastic parameter of native and heat-moisture treated rice starches at concentration of 8% (w/w)

Starch treatment G' G" tan O

Glutinous Native 7.68 "+£0.22 2.87"+0.05 0.373+0.004
HMT18 8.97"+1.03 3.36"+0.55 0.372"+0.018

HMT21 9.29"+0.66 3.117+0.13 0.335"+0.009

HMT24 8.61"+0.35 3.04"+0.01 0.353™+0.016

HTM27 8.89"+0.02 3.05"+0.02 0.343"+0.001

Jasmine Native 230.00+10.23 29.2°+2.25 0.152°+£0.014
HMTI8 463.00°+11.43 36.47'+1.72 0.079°+£0.002

HMT21 464.50°+20.50 35.20'+0.20 0.076°+£0.003

HMT24 504.00'+9.00 38.00"+0.70 0.075°+£0.000

HTM27 516.50"+2.50 39.05'+0.35 0.076"+0.001

Chiang Native 316.00"+14.99 32.20°+3.06 0.104"+0.006
HMTI18 470.00°+18.83 36.63'+0.31 0.086"°+0.002

HMT21 501.50°+8.50 37.35°2.35 0.078"+0.007

HMT24 511.67°+13.89 47.70+1.63 0.090™+0.012

HTM27 645.67"+11.15 54.90'+3.22 0.082"+0.004

Note : Each value is mean of triplicate + SD. The difference superscripts in the column for each rice denote the significant differences (p<0.05)
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Figure 33.
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Figure37. FTIR spectra at various storage times for (a) native and (b) heat-moisture treated at

27% moisture content of Jasmine rice starch gel
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Figure38. FTIR spectra at various storage times for (a) native and (b) heat-moisture treated at

27% moisture content of Chiang rice starch gel
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(b) and Chiang (c) rice starch gel
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Figure 40. Creep compliance and creep recovery for native and HMT27 Glutinous rice starch

gels after storage at 4°C for 50 hours
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Figure 41. Creep compliance and creep recovery for native and HMT27 Jasmine rice starch gels

after storage at 4°C for 50 hours.
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1 Y I dy = [
wenva lansazateluiio@edny
1.3 fnananududunudueu
MIASeUAITAZA8 0.1 M HCl 91nnIAnA0Idud1
a A Y 9 a o a Aaa o Y o
2.1 SunsandpndunnyInadluiinnesvina 50 Naaans (Mludgaiu)
= 9y 9 YA (A A aa Y
2.2 annsanauIu19H151105 4.0 - 4.5 HaaanT AENTZUBNAIVUIA 10
Uoaans
A Y 9 ~ 9 g’ o a a aa ~ 1 a
2.3 mnsanasudunalwalasluinduliung 500 Nadansnussyedluiin
4 Aa aa 9 Y o A
NBIVUIA 600 Hadans aulvaisazaeinua
A A dgl csycs Y 9 1 < Y
2.4 f15aza1e HCl a3 ondudianuandudszuia 0.1 M anenuluaaun
4 < 3 1
ouasazateil 1314011/
MIMUIATTIUAITAZAYNTANAD
3.1 Unlamsazarensainaon 25 Haaans ldasluaiaginilevuna 250
Uoaaas WuaIsazaly
o =3 1 %
3.2 Wuednmau 2-3 nea warasazarsluwialidnnu
9 a a = J o
3.3 Inmsadremsazaenasgiunaogil Tadoy leason la aunszag
= Y ' v = A = s
msazaeluvaldswiludyuyoou uinismnes ladeu laason lad
Y Y
3.4 Tnmsad 2 asa

3.5 fel']‘LJ’Jm‘I/i']ﬂ3']11L‘f]jil‘lslluﬁ!Lﬁu@uﬂlﬂﬂﬁﬁﬁ%ﬁWﬂﬂimﬂﬁ@
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=S
N9

1 Y
1. Fdr0819 197 Idumdnudueyu Uszuna 1-2 nsu ldasluaades Tasau

2. M5Uoe

2.1.

2.2.

2.3.

2.4.

IANANTIHEY (Catalyst) 3841319 CuSO, N1 K,SO, (CuSO, 0.5 NTU tay

K,S0, 5 n3%) TuwagesTilsau iveisalgnseimsdos

a [ a Y 9 A aa ' 9 1

wunsadayinidudu 20 Haades (Ree luaamdievan) wewngauudla
(K9 I a

Tusudludeu Yathnvaradrenszihzudinay

v Jq 9 Y 1 Y s A

gosuuglnsal lnanuiousou wuldesazarodionla

Y
avenaliiu

3. MSnau

3.1.

3.2
3.3.

3.4.

a 9

[ Y v
Wemsazarolgaurnlanaudl Juanhingy 20 Jadans Lazaw

U

4
myazane ladey laason leamudu 40 %
(% 4 o‘/
aglnsainau
A A Y 9 a A aa 1 Y
AunsaveIMdudu 4 % USuas 25 Tadans asluviagdsun udivon
Aa a o o % % ~ o 9 9
duAes 5-6 naa 1 l1lsesuveaunarsessumsazarennauld Taels

4 1 1 Aa
gunssimuuduguluasazatensavein
Aauaunsze liduen Tudiamias 19 laeasazatennauldlszuna 150

Uoaans

4. mM3lnmsa

4.1.

4.2.

A o vy a A Y 9 '
Tnmsamsazarennau'ldarenia lalasaassannaruanuaud UL Loy
[ = ~ A A I a1 1 a
Fupadvesasazareazldsunnd@mveniludiieweu anlsuasvonsa
lalasnaosnnld
o 1 =1 0’.1’ a d ~ [ [} ] 1 1 1
1 blank Tagldmsaiiuazdunoumsinsziisu@eInud10619 e lild

A9
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4. M52

ANTAIUINY

s Tsau Govaz) = 1.4007 x Nx (A-B) x F

W
Tag A = U5masnsalalasnaesninldlums lnmsadudiedns
B = USuasnialalasaassnnlelums Inmsany blank
Y
W = 1hMiinale819
N = anududuvenialalasnansn (ueé’uaa)
d 1w
F = uvm@osminy 5.95

wazHUSinasd (AOAC, 2000)

A A <
1n309ianazgnIas

9 a A
1. dengdia
2. 1o i
3. WD
A ) A o '
4. 1993V 4 AU U
a o
5. IAYIANDT
=
5N1I

v 9 v
1. wnagsdamonniminiuiueu

]

2. Faedndszana 5 nfuldagdda thldwiwen dhuaiunuae

a =

3. i ldwnauldae Tuan Iihiiguingil 550 esruwadea unlszanm 2-3 ¥ Tug

G

oY Y A A A
ﬁ]uﬂﬁgﬂﬂhlﬂlﬂ1ﬁﬂl1314§@ﬁlﬂ1

qg.: ) 1 a J Qy yad A a 9 Y o o [ ' g‘
4, ﬁnﬂuumuﬂﬁmcﬁmmm mﬂmﬂuﬂ’qmwﬂuwammm"lﬂm NI IDYINFIUTY

Y

qu/ = k) oy @ v Y] " Aa A Aa o
AIINL 30 UM %u”lﬂu"muﬂmaﬂu"lmnu 1 yaansy

gasmuan
gAIMUIN
oy .9 s (W,-W)) x 100
UTuauo (esazuearimiin) =
(W,-W)
g’ o a A o
Tag W = WminvesagHiia (AFN)
9
w, = WMiinveIniianazAI0e1anoumN (ASN)

Y

Y v
W, = ‘l?l1Ti‘L!ﬂsll’f)\‘]ﬂg“lﬂﬂﬁllﬁ%ﬂﬂﬂﬂﬁﬁﬁﬁlﬂ"@ﬂﬁ'I‘Vil!ﬂﬂ\iﬁ (M)
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a d 2 a
5. ﬂ]i)!ﬂi]%ﬂﬁ]ﬂﬁu1mi’)zﬂiﬁﬁ

A A ¢
!ﬂii’)ﬂﬂi’)!!ﬁ%@ﬂﬂﬁﬂ!

=
a1y

1.

Y
1. 91NN

2. IAT09FIALIDA 4 AU

1. muoa

a 9y 9 4
2. ﬂiﬂqﬁiﬂiﬂﬁﬂiﬂlmﬂﬂlu 1 UDTUDA

I'd 4
3. Tamdenlesason lodidudu 1 uosuoa

4. yazane o ToAududu 0.2 %

5. NITAINNIDAULDT 4

6. 1ATRIIAAINIIRANAULAY

=S
NI

I1.1.

1.2.

1.3.
1.4.

L.5.

1.6.

PSmnaufeumeziilaa (Amylose equivalent)

o s o 7
Waga3s 100 mg 11 1Jazarelueomuea 1 ml vaz Tasnen laasen lod (1
4

UosNea) 10 ml

' s a o ) 3 o !
Thanudounnamsaiguygil 95°C wu 5 i wdnh lUinosnen

a I )
gangiidouiunal 24 ¥ Tug
) 4 o a 2} M 3
ensazangaansylude (1.2) 1UsudTiesareinawdly 100 ml
¢ ) a o & v QY
AATIAZAIBAMIFIINTD (1.3) W1 5 ml tAVIINEY 50 ml nazlSuldidunai
9y a 4
aensalalasnasin 1 uesuea
a o a < 2,’ Qy
wuensavaneloToAu 2 ml UsuUTnesidlu 100 ml uazdana’l’ 20 1di 1da
il daaimsganauudai 630 nm sSunualSuaisuiozii Tadde
aumsn (1)
Fammsganauudevetozd TaeuInsgIu (Standard amylose) Tngiiin1s
[ = v ax 9 9 9 q 9 a

NABDUFUABINVITNMIINAY (0 1.1-1.5) ua l¥asazargezil laauiasgu

US1193 1 ml unueIazawaass 5 ml (Vo 1.4)
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2. WSmnaezilaahazaeld (Soluble amylose)

v 9 v
2.1. Faam3y 100 mg ¥ Iazasluemuea 1 ml uaziindy 50 ml

2.2.

2.3.
2.4.

9 9 J s A a = ~ e y3 A
GLWﬂ'J’Il]i'E]u!Lﬂﬁﬁ’li“]fﬂqmﬁﬂ”N 95 DAL AKYT UIU 20 UIN ‘VNG],WLEJH

guUNYino

o |a Yy o 4 aqyd ) ) s
J5ulSuneasdrerinaulnily 100 ml 1AINTOIAIUNTLATHATDIUUDT 4

J Y o 9 o 1
@jﬂﬁ’liagﬁ'lﬂﬁ@'ﬁﬂfll'l 5 ml HAININITNAADIAINUD 1.4-1.5 AUIUAT

suaeziilagnazae’ld

gasiinafSinaezilaaiaumm/aSinaezilaatiazawla

Tag

AE =

AE =

Rxax20

Axr
Usuaezi Tasieumlsinaesiilagnazaield

ANMITYANAULTIVOIAIOL

1 A

AINITAANAULTIVDN Standard amylose

Y
o v @ 1

WUHUNNIDYN (db)

o %

UIMUNUDY Standard amylose

A3
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MANUIN ¥ MIHMEdNIIMSIAASININsaTulaa]¥a3ms Avrami (Avrami equation)
= 4 Aa A ] 4 o Y Y
AMIANEIVAUAAATVDINTINAS INTIATIAFUYBIAATY 118 Tasns Isaun1Tved
Avrami (Avrami, 1941) Tunmisdiiuiemsines Insnsesunnaaeeg lagdiaanndadiu
ngelimananlmiinaila U@) asaumsd 10

U(t) = exp(—kt") (10)
e k = sammaiuTavewdn
n = ﬂ'm\i‘ﬁ Avrami
m U(1) mmam%8u1u§,ﬂﬁ@dauﬁﬁqﬂﬂtﬁﬂwﬁﬂiwajﬁmumiﬁ 11

Y, -,

U(t)=
0=y (1n

4 a P J a ] '
we v, = wnilmeimisyiemaiananlvi (ldun G, RSA)
a S dyd a = A A 9
Y, = winiwesniydimsmnananlvaiinanivdu & =0)

a P dyzs a = ] 4' Y
YOO = WT:!"I?JLG]E’J']"TI”LNGHQQﬂﬁlﬂﬂﬂﬁﬂiﬂﬂmﬂﬂl”@ﬁﬂﬂa (t = o)
A Y Y o v ’ o A
Wa3IINTUNIT 10 Loy 11 Hﬂﬂﬂ]ﬁlﬂuﬂgvlﬂ’ﬁllﬂ?iiﬂﬂllﬁﬂ\iﬂ\?ﬁﬂﬂ?iﬂ 12

Y@)=Y, -[(Y, —Y,)exp(-kt")] (12)

1 o ~ 1Y @ d A
Mk uaz 7 19nmMImuaalsanmsn 1 Iagmsmanudunusiruduea
A1 log(-In [U®]) waz log(t)

1 1 d' o 9 ) o (Y] a A %
1M £ tazal 2 nawdalamunsniih ldduadaiinsnes Insingadu
(G) AauMIN 13

G =\ (13)

1 d' . =1 [ o Jd o 4 ti'
AN Avrami  (n) FANNAUNUTAVIaUmasvoansasuudaana
521119M AV TAYeINANTo U HUAAeaNiNITNIZeAMBUGY (Sherman,  1970) Tay

1 9
WUNA n UMegizyan 1 09 4 Faquegnuna lnvesnsinailunded (Mandalkern, 1964)

491 a A % 1 4 a A =S 492/ = Y A
mﬂﬂa”lﬂwugmmmﬂmﬂﬂﬂmmimw NUNFAMNMTFAWITUNAUAUATITUUNUN LAINUNIT

v
=1

@ < ' ' 1 1w
wanuiluTaseadananiigls e (od-like) Taelin1 » Wiy 1
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o a d
MARUIN A MIMMINWNNADIVBINIAY (Creep  study) AI8IZYD Inokuchi
(Inokuchi graphical procedure)
= vaa a a d Y a ~

MsAnuautaIa Inoaadnvosaamyi laemsaaaumsilasunlag
VYDIA1 Creep compliance J() NIA19197 lagaA1 ] A8OAITIAIUVDIAIINATEA (E) RO
AUTURIU (O)  1ANTINVBY Creep compliance (MW 8) EXITAUUINMIMUIUDON 1A
I ] 1% Y
Wy 3 ¥9aeil (Sharma and Sherman, 1996 and Sherman, 1966):

(1) %29 instantaneous elastic compliance, J,, (A-B) #419UBNDINTNHUTE

] =\ A o 1 A 1 9 A Y a A o Y

moeluiagiimstadiedndangu 1110 UTUNDUBDNITATNITONANTAUAD (recovery) 1A

peNANYsal uaAIRIaNMIN (14)
J, = — = (14)

(2) ¥4 time-dependent retarded elastic compliance, J,, (B-C) FAULTAIA
Q [ Y 1 dyd
retarded elastic modulus (G,), ANUHIA (77,) wag retard time (7) FUNNY (77,/ G,) ¥331i
] d‘ [ [ = A o 09/' "W Y =)
FrNNuszv0iagimsuanoonuazAugll (reform) TasWusznua lulauanoenuazau
A o = @ @ qﬂjl ' =K A 1 ' 3 '
7UNdas ANy auium Tvaem (7, 7, 7,.. 7) uazi G uag 7, nunalea
WU (G, Gy Gy G, 00T 1,y Ty Mo n)

a v o (% ] ' (% Y
ﬁ'nJTifl@‘ﬁ‘U1ﬂﬂ??ﬂﬁﬂJWHﬁﬂlﬂﬂ@]?LLﬂﬁﬁjﬁﬂﬁNﬂTi@EJN\ﬂEJ Al

= t
Jp o= o = e = gRT() (15)

R

1o J, ADANRABVDIA retarded elastic compliance

A = A J @ dy
aunIsn (15) ﬁ1ﬂ1iﬂlﬂlﬂu1u§.ﬂllﬂﬂﬁﬂﬂ"li‘i/liJﬁﬁTc’J@QﬂﬂﬁgﬂfJ‘Uﬂﬂu

-t

Te=Y J1-e)=Y J1-e"") (16)
i=1 i=1

{ o d 1 % v o Jdo ' .
Tagf 77, s 1I0v0903A152NOVVBIMANUHITAFINANUFURUTAVA1 retarded elastic

compliance
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Jas o 9 . g
ﬂ"lil']iﬂﬂﬁgQﬂﬂj‘ﬁﬂ"ﬁﬂTuﬂﬂ!IﬂﬂﬂWﬁjGﬁﬂﬁWwﬂlﬂﬂ Inokuchi (1955) AUFUNIT
v
(16) l@zumsaail
n g t
0 = ZJi_ﬁ (17)
i=1 o

= A 1 ' Y @ Y Y =
qUNIT (17) BEAIDNADTLISHINITSHNUTUNTI DCP Audaulas DCB 7

9
=

9 v
nala q auinamnsoudasaumsi (17) lugduuvaumsInalags
n -t
0 = >Je" (18)
i=1

4 1 o I Q
Weeunsmszrina i@  funar ud ldnsldluduase Feauise
° ! . . . . ' ! 1 g
AUIUAT single retardation time (7,) tla¢ Creep compliance (J,) uatng1nn'la Tudlu

/T Y ° 1 .
/ 1) NULIAN ué’ammmm second retardation

] 1 1
iduase nlideuns W ndseninn@Q - Je
v
. . 1 @ 13| < [
time (7)) 118¢ secondary compliance (/,) uadnswldeluidluduassndeadisunsiluings
A ' Tl 2T @ Y o ' = Y o A Y
N 3 529N @ -Je” - Je”) fMunawdidiuium 7, uaz J, Tzdesduiuniaiy
Y 9 U
Aidnunszialanihiduass
] IS ' { o [ a
(3) %39 Newtonian flow, J, (C-D) WUFNNNUTLY0ITAQNAANIUANDON
] o @ a a IS @ 1
wag higmsaaugdld FeildTaquiams Ivavnuialadiou Taoms Inailudaau

Tagagadunar ansauaadld aaaumsi (19)

e _ t

o} My

Jy = (19)

A = ' = . ' = A Ao < Y o &
e &, 19 MAANUIATYA (shear strain) Tugrnnswimsauianyaziluduass aaium

ANuFuveInTMAedIundDveImIANUKla (1/ 77,)
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