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Abstract

Addition of 10% sugars (9 types; glucose, maltose, trehalose, maltotriose, isomaltose, isomaltotriose, panose,
maltooligosaccharide or isomalto-oligosaccharide) decreased crystal melting enthalpy of starches, but increased
crystal melting temperatures. Linear type sugars (maltose, trehalose and maltotriose) reduced more effectively
the recrystallization degree of both waxy rice and non-waxy rice starch gels than isotype sugars during
storage of 14 days at 4°C, Panose was effective in reducing the recrystallization degree of both waxy and non-
waxy starches only for the initial storage periods, but not effective at the later storage periods. Maitooli-
gosaccharide was more effective than isomaltooligosaccharide for the reduction of recrystallization degree.
Among the sugars tested, only isomaltotrise increased the degree of retrogradation. Retrogradation time
constant (1/k) for the non-waxy rice starch gels treated with sugars during 3 day storage was the highest maltose,
followed by panose, trehalose, maltooligosaccharide, maltotriose, glucose, isomaltose, isomaltooligosaccharide,
control and isomaltotriose in a decreasing order. And, the constant for the waxy rice starch gels was the
highest maltotriose, followed by maltose, trehalose, panose, isomaltose, glucose, maltooligosaccharide, isomaito-
oligosaccharide, control, isomaltotriose in a decreasing order. The Tg' of the freshly prepared waxy rice and
non-waxy rice starch gels treated with sugars were slightly lower than control. However, the values of starch
gels were slightly increased after storage of 7 days at 4°C.
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Table 1. Compositions of oligosaccharides

Product Sugar composition (%)
name DP1 DP2 DP3  Others
Maltooligo 3.0 75.0 11.0 11.0
saccharide
Iso maltooligo 304 5700 g5 179

saccharide

UMaltose 11.6%-+Isomaltose 16.0%.
DMaltotriose 2.3%+Pannose 13.1%+Isomaltotriose 3.1%.
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Table 2. Effects of various sugars on DSC charac-
teristics of rice starch containing 60% moisture.

Temperature, °C A Ko

£ 3

e M T p 1 e
Control 633 723 846 5.65

Glucose 635 737 879 5.60

Maltose 643 735 885 5.25

Trehalose 651 740 875 493

Non- Matotriose 646 738 886 5.80
waxy Isomaltose 66.3 743 874 5.15
Isomaltotriose 65.9 743 874 4.60

Panose 648 744 882 5.30

Maltooligo sacch. 649 739 880 4383
Isomaltooligo sacch. 65.5 73.6 87.6 4.93

Control 582 735 869 643

Glucose 592 747 895 588

Maltose 620 750 894 548

Trehalose 614 744 895 5.60

Wax Matotriose 625 752 893 533
Y Isomaltose 610 769 900 5.65
Isomaltotriose 622 759 904 5.60

Panose 617 755 899 5.63

Maltooligo sacch. 613 743 897 523
Isomaltooligo sacch. 61.8 756 90.0 4.95

*The treatment of each sugar was 10% (w/w) on a dry basis.
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Fig. 1. Degree of recrystallization for non-waxy rice
starch gels containing 60% moisture treated with 10%
(w/w) linear type sugars on a dry weight basis during
storage at 4°C. ®—@: Control, B—M: Glucose, A—A:
Maltose, ¥—W: Maltotriose, #—&@: Trehalose,
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Fig. 2. Degree of recrystallization for waxy rice starch
gels containing 60% moisture treated with 10% (w/w)
linear type sugars on a dry weight basis during storage
at 4°C. @—@: Control, W—M: Glucose, A—a: Maltose,
v—W: Maltotriose, ¢—@: Trehalose.
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Fig. 3. Degree of recrystallization for non-waxy rice starch
gels containing 60% moisture treated with 10% (w/w,
dry basis) isotype sugars during storage at 4'C. @—@:
Control, @—M: Isomaltose, A—a: Panose, ¥-—W: Isol-
maltotriose.
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Fig. 4. Degree of recrystallization for waxy rice starch

gels containing 60% moisture treated with 10% (w/w,

dry basis) isotype sugars during storage at 4°C. —®:

Control, 8—M: Isomaltose, A—aA: Panose, W—W: Isol-
maltotriose.
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Fig. 5. Degree of recrystallization for non-waxy rice
starch gels containing 60% moisture treated with 10%
(w/w, dry basis) oligosaccharides during storage at 4°C.
®—@: Control, A—a; Isomaltose, oligosaccharide, M—M:
maltooligosaccharide.
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Fig. 6. Degree of recrystallization for waxy rice starch
gels containing 60% moisture treated with 10% (w/w,
dry basis) oligosaccharides during storage at 4'C. 0—@:
Control, #—M: maltooligosaccharide, A—a: Isomaltooli-
gosaccharide.
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Fig. 7. Changes in melting enthalpies for non-waxy
rice starch gels containing 60% moisture treated with

10% (w/w) sugars on a dry weight basis during storage
at 4°C.
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Fig. 8. Changes in melting enthalpies for waxy rice starch
gels containing 60% moisture treated with 10% (w/w)
sugars on a dry weight basis during storage at 4°C.

Table 3. Avrami exponents (n) and time constants (1/k,
days) of the rice starch gels containing 60% moisture
with various sugars during 3 day storage at 4°C

Non-waxy Waxy
Sugar*

n 1%k n 1/k
Control 0.99 247 1.03 329
Glucose 0.85 3.57 0.85 4.04
Maltose 0.81 4.25 1.03 5.18
Trehalose 0.76 4.10 1.16 4.57
Maltotriose 1.01 343 0.99 5.23
Isomaltose 1.14 2.68 142 4.37
Panose 1.20 4.16 1.30 4.53
Isomaltotriose 1.20 2.19 0.92 2.99
Maitooligo sacch. 0.94 345 1.37 3.4

Isomaltooligo sacch.  1.06 2.48 1.46 3.31
*The treatment of each sugar was 10%(w/w) on a dry basis.

e F48 Ay Tgd dS83&x Al
A& Z 4 A (viscous liquid) Fef7t 5o} AE &

F9] olFerl 715 B w3t AP, A
L83 Lx B} & 2°C B-2oA AFee Ftel
= ol#E® e o siEsEtn HEags gtk
(Ferrero et al,, 1996). o] ¢} Zol A#71zt Fte] Tg'
2 2 AAHE B8l A 8494, Slade £}
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Table 4. Effects of sugars on glass transition temperature

(Tg', °C) in the maximally freeze concentrated rice starch

gels containing 60% moisture
Non-waxy Waxy
Sugar”

Initial Stored® Initial  Stored
Control -8.0 -71.5 -8.3 -7.7
Glucose -12.1 -11.1 -122 -11.2
Maltose -10.7 -10.4 111 105
Trehalose -10.5 -9.9 -10.2 9.9
Maltotriose -10.2 -9.6 -10.8 9.9
Isomaltose -11.0 -10.1 114 -102
Isomaltotriose -11.4 -10.9 -11.8 -11.5
Panose -10.5 -9.9 -108  -10.2
Maltooligo Sacch. -10.8 -10.2 <111 -105

Isomaltooligo Sacch. -11.3 -10.4 -116  -10.6

“The treatment of each sugar was 10% (w/w) on a dry basis.
IStored for 7days at 4°C.

Levine (19958 WEAHL 59} Te'e] 3ho|(ATV} 7}
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