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Abstract

Food macromolecules play a critical role in the formulation of a wide range of
food products by improving product mouthfeel properties, handling and stability
characteristics. These qualities of foods are strongly related to rheological properties
which is an important functional property of food polysaccharides. Rheological
properties of a macromolecular aqueous phase in foods are controlled through
entanglement and association of polymer chains or gelation behaviour. In product
development, food macromolecules are usually used in the presence of sugars, and
then, the quality of final food products depends on the contributions from individual
ingredients and interactions among them. Adding sugar into foods is known to change
the solvent (water) properties in foods by reducing water activity or freezable water
fraction with increasing sugar concentration in an aqueous phase. Despite the
importance of the interactions among ingredients and water in food systems, only a
limited understanding of their effects on physical properties of foods is available. In
this studies, 3 types of macromolecules (alginate, k-carrageenan and xanthan) were
used for examples of foods in the systems of macromolecule/sucrose/water. In this
report, effects of macromolecule concentration, temperature and sucrose on physical
properties of macromolecular dispersed aqueous systems were investigated, Viscosity
measurements at a low macromolecule concentration and dynamic viscoelasticity
measurements at a high macromolecule concentration were performed. Associated
changes in the state of water; the water activity and the fraction of freezable water,
were also investigated.

The effect of sucrose on water activity and the fraction of freezable water
showed that water activity and the fraction of freezable water were almost
independent on examined macromolecule concentrations of all types of studied
macromolecules but decreased with increasing sucrose concentration. This indicates
that colligative properties of those systems were mainly determined by the sucrose
content.

In the alginate/water system, the viscosity properties of alginate dispersed
aqueous system containing lower concentration of the alginate than 0.5%(w/w)
showed that apparent viscosity decreased with increasing temperature and decreasing
macromolecule concentration. At the same alginate concentration of
alginate/sucrose/water systems, the higher sucrose content in the system, the higher
apparent viscosity obtained. For the systems containing higher concentration of
alginate than 0.5% (w/w), the storage and loss moduli increased with alginate
concentration but decreased with increasing temperature. When considering the
systems of alginate/sucrose/water, the ratio of the loss modulus, G", to the storage
modulus, G'; G"/G' (= tan &) values was almost independent on alginate concentration
in the systems without sucrose but the G"/G' values decreased with increasing alginate
concentration in the systems containing sucrose. The activation energy of the
Arrhenius relationship between In of viscosity for alginate solutions and reciprocal of
absolute temperature was in the same order as that of water. The specific viscosity
values were represented by a single master curve for the different temperatures of
alginate solutions containing lower concentration of alginate than 0.5% (w/w), and in
the alginate/sucrose/water systems at 25 and 40°C containing different sucrose
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concentrations, the specific viscosity values were also represented by a single master
curve. These results suggest that interactions between sucrose and alginate were
negligible at a low alginate concentration but the elastic nature of the systems was
enhanced due to sucrose-alginate interactions at a high alginate concentration.

In the k-carrageenan/water system containing KCl1 0.19% (w/w), the viscosity
properties of k-carrageenan aqueous system containing lower concentration than
0.5%(w/w) showed that apparent viscosity decreased with increasing temperature and
decreasing x-carrageenan concentration. At the same k-carrageenan concentration of
K-carrageenan/sucrose/water systems containing KCl1 0.19% (w/w), the higher sucrose
content in the system, the higher apparent viscosity obtained. For the systems
containing higher concentration of x-carrageenan than 0.5% (w/w), the storage and
loss moduli increased with x-carrageenan and sucrose concentration but decreased
with increasing temperature. When considering the systems of xk-carrageenan
/sucrose/water, the ratio of the loss modulus, G", to the storage modulus, G'; G"/@
values was almost independent on k-carrageenan concentration in the systems without
sucrose but the G"/G' values significantly decreased with increasing x-carrageenan
concentration in the systems containing sucrose 20 and 40%. The activation energy of
the Arrhenius relationship between In of viscosity for polymer solutions and
reciprocal of absolute temperature was in the same order as that of water. The specific
viscosity values of k-carrageenan/water systems were represented by a single master
curve for the different temperatures of solutions containing lower concentration of x-
carrageenan than 0.1% (w/w). When considering the x-carrageenan/sucrose/water
systems at 25°C, the specific viscosity values were also represented by a single master
curve except for those contaming sucrose 20 and 40% containing higher concentration
of x-carrageenan than 0.1%(w/w). These results suggest that interactions between
sucrose and k-carrageenan were negligible at a low x-carrageenan concentration
(<0.1%) but there are interaction between sucrose and k-carrageenan with the elastic
nature of the systems being enhanced due to sucrose and k-carrageenan interactions at
a high k-carrageenan concentration (>0.1%).

In the xanthan/water system, effect of concentration and temperature on
viscoelastic properties of xanthan dispersed aqueous systems was investigated. For
low xanthan concentration solutions <0.5%w/w, apparent viscosity increased with
increasing concentration and was almost independent on temperature. At the same
xanthan concentration of xanthan /sucrose/water systems, the higher sucrose content
in the system, the higher apparent viscosity obtained. When a small amplitude
dynamic rheological test method was applied to the systems containing higher
xanthan concentrations >0.5%w/w, the storage (G') and loss (G") moduli increased
with increasing xanthan concentration and G' was much higher than G", exhibiting
weak gel-like behavior. The G"/G' (= tan &) values were almost constant when
temperature is increased while their concentration dependence showed a tendency that
higher polymer concentration gave lower G"/G' values. These results suggest that
xanthan dispersed aqueous systems have stable viscoelastic properties in a wide range
of temperature. When considering the systems of xanthan/sucrose/water, G"/G' values
was almost independent on xanthan concentration in the systems without sucrose
except the system containing xanthan 3% (w/w) and the G"/G' values decreased with
increasing xanthan concentration in the systems containing sucrose. The activation
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energy of xanthan dispersion estimated by the Arrhenius plot between In of viscosity
and the absolute temperature was lower than that of water, indicating that the
viscosity of aqueous xanthan dispersion is less sensitive to temperature than that of
water. Specific viscosity values, reflecting the effective volume occupied by the
polymer in the system, were represented by a single master curve for the different
temperatures of xanthan solutions containing lower concentration of xanthan than
0.5% (w/w), and in the xanthan/sucrose/water systems at 25 and 40°C containing
different sucrose concentrations, the specific viscosity values were also represented by
a single master curve. These results suggest that interactions between sucrose and
xanthan were negligible at a low xanthan concentration but the elastic nature of the
systems was enhanced due to sucrose- xanthan interactions at a high xanthan
concentration.

Key words: alginate, k-carrageenan, xanthan, sucrose, water, interaction, water
activity, fraction of freezable water, viscosity, storage modulus,
loss modulus, activation energy.



