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Characterization, Rheological and Thermal Properties of Frozen Rice Starch Gels

.
Kannika Huaisan

Abstract

Nine rice varieties grown in Thailand (KaoDokmalil05, KDMLI105; Homsupanbure, HSPR;
HomklongLaungl, HKLG1; KaoTaHangl7, KTH17; Supanbure2, SPR2; Supanburi60, SPR60; LeungPraTew123,
LPT123; Chainatl, CNT1; and PlaiNgramPrajeenBuri, PNPCR) were extracted for starches and used to study on
thermal, rheological properties and other characteristics of frozen gels. This study contained two main parts: part I-
Study on physicochemical of rice starch, textural, thermal and rheological properties of frozen rice gels; and part II-
Study the effects of food additives on physicochemical of rice starch, textural, thermal and rheological properties of
frozen rice gels produced from CNT]I.

In part I, all starches were analyzed for amylose content and classified in 3 groups (low at 12-20 %, medium at
20-25 %, and high at >25 %). High amylose starches contained the highest protein and fat content (£<0.05).
Amylose content significantly affected pasting properties determined by RVA (P<0.05). High amylose starches
showed the lowest peak viscosity and breakdown and the highest final viscosity and setback. Freeze-thawed stability
of 30% (w/w) gels from different rice varieties were determined by the changes in hardness and syneresis (%) of
reheated frozen gels from fresh gel. The hardness of gels was measured using TA-XT2 texture analyzer with 15 %
and 70 % compression. The syneresis was determined by the weight of water released after freeze-thawed frozen gels.
Freeze-thawing with 5 cycles produced softer gels compared to the fresh gels and SPR2 gel (medium amylose content)
showed the highest freeze-thawed stability compared to all rice varieties. The effects of frozen storage time (at 1, 15,
30, 45, 60, 90 and 120 days) on hardness of frozen and reheated gels were studied. The low amylose gels showed no
significant changes (£>0.05) for all frozen and reheat gels at both compression levels from 1 to 120 days of frozen
storage time. For high and medium amylose gels, rice varieties and frozen storage time significantly affected hardness
of frozen and reheated gels. The high and medium amylose gels had the hardest gels and at 30 days of frozen storage
time but no significant difference at 1 to 120 days using 15% compression. However, at 70% compression, the high
amylose gels showed the highest in hardness at 30 days of frozen storage and decreased from 30 to 120 days, except
LPT123 which increased in hardness again from 30 to 120 days. The medium amylose gels showed the highest in
hardness at 30 and 90 days of frozen storage. For the reheated gels with 70 % compression, the medium amylose gels
had higher hardness at 1 day frozen than fresh gels but no significant difference at 1 day and 120 days. However, the

high amylose reheated gels with 70 % compression, had similar hardness to fresh gels except CNT1 and all these gels
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showed sharply increasing in hardness at 15 days and remain high in hardness from 15 to 120 days except PNPCR
which had a fluctuation in hardness.

For Thermal properties test, starch from the nine rice varieties and 4 levels of starch concentration (20, 30, 40,
and 50%) were used to study using DSC. Three steps of heating, freezing and reheating were performed in DSC test to
investigated for on set temperature (7)), Peak temperature (7 p), enthalpy of heating (AHG), glass transition
temperature of freezing (T of ), cold-crystallization temperature (7. ), enthalpy of freezing (AHf), glass transition
temperature of reheating (7' g), the melting temperature (7, ) and enthalpy of reheating (AH). Both rice variety and
starch concentration had significantly affected 7, 7, and AHG (P<0.05). SPR2 (medium amylose gel) had the highest
T, T and AHG. For starch gelatinization test, the high starch concentration (40 and 50%) showed the lowest 7, and T .
The increase of starch concentrations, showed the increase in AHG (P<0.05) except at 50% concentration. Frozen
gels from different rice varieties showed similar 7, (-46.50 to -48.22 °C) and AHf (56.17 to 110.62 J/g). Rice variety
significantly affected 7, (P<0.05). High amount of water or low starch concentration gels significantly increased 7,
(P<0.05). Both rice variety and starch concentration had no significantly effect T of (P>0.05). Rice variety had no
significantly effect 7, 7, and AH (P>0.05) but starch concentration had significantly affected 7, 7, and AH (P<0.05).
The rice gels had Tg, Tm and An range from -8.20 to -9.03 °C, 0.10 to -0.57 °C, and 62.25 to 124.91 J/g, respectively.
For rheological test, High amylose gels had significantly higher storage modulus (d ) than medium and low amylose
gels (P<0.05) but there were no significant effect on loss modulus (G//) and tan delta (P>0.05) for all levels of amylose
gels. For rheological test, High amylose gels had significantly higher storage modulus (d )) than medium and low
amylose gels (P<0.05) but there were no significant effects on loss moldulus (d /) and tan delta (P>0.05) for all levels
of amylose gels.

In part II, the addition of four food additives (alginate, guar gum, high methoxyl pectin and trehalose) at 4
levels of concentration (0, 0.2, 0.4 and 0.6 %) in 30 % (w/w) in CNT1 starch were studied. Pasting properties of CNT1
starch significantly affected by types and levels of food additives added (P<0.05). All hydrocolloid increased peak
viscosity, final viscosity, and setback of starch suspension but trehalose showed similar breakdown, final viscosity, and
setback to CNT1 starch. Gels with all additives showed no significant difference in % syneresis after freeze thawed.
However, for frozen storage, gels with 0.4 and 0.6% high methoxyl pectin showed the highest % syneresis but 0.2%
trehalose showed the lowest. Freeze-thawed gels with additives caused the difference in hardness at 15 and 70%
compression. Alginate and guar gum gave small changes in gel hardness compared to their fresh gels. Addition of 0.4
and 0.6% trehalose produced soft fresh gels but the frozen gels had high percent changes in hardness at 70%
compression. However, the values were the most similar to fresh and reheated gels of the control (CNT1 without
additives).  For all frozen storage gels (with/without additives), gel hardness was drastically increased from 30 to 45
days, drastically decreased to 60 days and then more stable until 120 days of frozen storage at both compressions.
Patterns of the changes in hardness were similar for all additives but the high and low value depended on types and

level of additives.



There was no differentin 7, T ) and AHG for all heated starches with/without additives (P<0.05). For frozen
stage, alginate increased T, and T, (-29.29 °C and -14.44 °C, respectively) of frozen starch gels. All additives at
0.2, 0.4 and 0.6% increased T, and T, and did not significantly difference among levels. Reheated gels with 0.6%
high methoxyl pectin had the highest 7 (1.29 °C) and 0.6% trehalose had the lowest Tm (0.58 °C). For rheological
test, types and levels of additives affected G (P<0.05) but not affect G’ tan delta (P>0.05). The gels stored for 30 days

at frozen showed higher in G than those of fresh gels.



