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Abstract

The effect of sucrose on water activity, the fraction of freezable water, and
viscoelastic properties of alginate dispersed aqueous system was investigated. Water
activity and the fraction of freezable water were almost independent on examined
a}ginate concentration but decreased with increasing sucrose concentration, indicating
that colligative properties of those systems were mainly determined by the sucrose
content. The specific viscosity values were represented by a single master curve for all
the systems containing lower concentration of alginate than 0.5% (w/w). For the
systems containing higher concentration of alginate than 0.5% (w/w), the ratio of the
loss modulus, G", to the storage modulus, G'; G"/G' (= tan &) 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.
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.

Key words: alginate, water activity, fraction of freezable water, viscosity, storage

modulus, loss modulus.
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Introduction

Food macromolecules play 2 critical role in the formulation of a wide range of food
products such as beverages, bread, cheese, des;erts, dressings, ice-cream and so on
(Dickinson & Lorient, 1995) by improving product mouthfeel properties, handling and
stability ch@cteﬁstics with consistent properties, shelf stability and good consumer
‘appeal and acceptance (Imeson, 1992). Since these qualities of foods are strongly
related to rheological properties, knowledge of these properties of food
macromolecule systems is essential for predictability of product properties, process
design and evaluation, quality control, and consumer acceptability of food products
(Rao, 1977; Roos & Karel, 1991).

An important functional property of food polysaccharides is controlling rheological
properties of an aqueous phase in foods through entanglement and association of
polymer chains or gelation behaviour (Moe er al., 1995). Many of food
polysaccharides have linear molecular chains with a large moiccular weight consisting
of unit saMdes while most food proteins have spherical shape with a iower
molecular weight. Therefore, even at a very low concentration, i.e., a few percentage
of total weight, polysaccharides can show very high viscosity or sometimes gelation.
Alginates, linear random copolymers of D-mannuronic acids (M-blocks) and L-
glucuronic acids (G-blocks) commercially extracted from brown seaweeds, are one of
the most commonly used food polysaccharides as additives to improve, modify, and
stabilize the texture without changing nutritional values (Pomeranz, 1991).

In product development, food macromolecules are usually used in the presence of
other food ingredients and addition of those food ingredients itself also changes

physical properties of foods. Therefore, the quality of final food products depends on
3
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- the contributions from individual ingredients and interactions among them. Sugar is
one of the most important food ingredients and used for making dessert foods or
confectioneries such as dessert jellies. Adding sugar into foods is known to change the
solvent (water) properties in foods. As a result of reducing water activity or freczable
water fraction with increasing sugar concentration in an aqueous phase, sugar has
been showﬁ to change important physical properties for controlling food processing
‘such as thermal conductivity (Pongsawatmanit & Miyawaki, 1993).

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. Alginate/sucrose/water systems would represent a typical example of
foods since sucrose is the most common dietary disaccharide and the chief sweetener
in sweet food preparation (Medved, 1986). In this paper, effects of sucrose on physical
properties of alginate dispersed aqueous systems were investigated. Viscosity
measurentents at a low alginate concentration and dynamic viscoelasticity
measurements at a high alginate concentration were performed. Associated changes
in the state of water, namely the water activity and the fraction of freezable water,

were also investigated.
Materials and Methods

Materials

Sodium alginate extracted from Lessonia nigrescens (Kanto Chemical, Tokyo,
Japan, Lot. no. 802S1707; approximate molecular weight and M/G ratio are 176,000
and 1, resﬁectively) was used without further purification. The moisture content was

determined by drying 1.00 g samples of sodium alginate at 107°C for 4-6 h. The
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content of sodium, potassium, and calcium ions was determined by an atomic
absorption spectroscopy and the content of CI” and SO4* was determined by an ion
chromatography method. The results of sample characterization are summarized in

Table 1. Water used in preparation and experiment was purified (Millipore, resistivity

18 MQcm) after distiliation. All other chemicals were of reagent grade quality.

Preparation of alginate solutions

A precisely weighed amount (£0.1 mg in error) of the alginate powder and sucrose
were suspended in water and then dissolved at room temperature by stirring with a
magnetic stirrer for at least 6 h. The sample was kept overnight at 25°C before
measurement. Zero to 2.5% (w/w) of alginate solutions containing 0, 10, 20 and 40%

(w/w) of sucrose were prepared.

Water activity mcasurement

Water activity of sample solutions containing 0-2.5% (w/w) alginate and 0-40%
{(w/w) sucrose was measured using Thermoconstanter (Novasix;, Zurich, Switzerland)
controlled at 25°C. The apparatus was calibrated before sample measurements by
using the saturated salt solutions; SAL-90, SAL-75, SAL-53, SAL-33 (Novasina,

Zurich). Water activity values were recorded after the equilibrium was reached for 1 h.

Measurements were done in two replications.

Freezable water measurement
Differential Scanning Calorimetry (DSC) was performed to evaluate the fraction of

freezable water in the sample solutions. The enthalpy change during heating process

Table
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of frozen samples was determined using a DSC apparatus‘ (Low temperature Unit,
Rigaku Corporation, Tokyo, Japan) and then converted into the amount of melted ice.
The instrument constant of the apparatus was measured using standard materials
(distilled water, mercury, benzene, and chloroform) with a known latent heat of phase
transition at a certain temperature. Fifteen to 25 mg of each sample solution was
transferred into an aluminum pan and then sealed. The samples were cooled down to
’-70°C or below to ensure complete freezing and then heated up at a constant heating
rate, 1.0°C/min. The endothermic enthalpy of the samples during the heating process
was measured using aluminum oxide (Al,Os) as a reference sample. The samples
were weighed before and after the measurement to confirm that no weight was lost.
Measurements were done at least in duplicate. The values of enthalpy change due to
the melting of ice in the samples were determined as the area under the endothermic
curves measured using a planimeter and then converted into the fraction of freezable

water according to the conventional procedure (Pongsawatmanit and Miyawaki,

1993).

Rheological measurements

The apparent viscosity of dilute alginate solutions (0.1-0.5%, w/w) was measured
with a cone and plate type viscometer (Visconic, ED type, 1°34' in the cone ang!s and
2.4 cm in diameter, Tokimec, Tokyo, Japan). One mL of the sample solution was
poured into the sample cup and the viscosity values were measured at 25 and 40°C in
the shear rate range of 1.92-383 s™'. The viscosity values at the lowest shear rate where
the value was in the reliable range of the apparatus were taken as apparent viscosity

values.
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At a high concentration of alginate solutions (0.5-2.5%, w/w) dynamic
viscoelasticity measurements were performed using a Rheolograph sol (TCU-6, Toyo
seiki, Tokyo, Japan). The alginate solutions were poured into the sample holder (1.5
mL) using glass pipettes and conditioned at least 30 min to equilibrate the samples at
a desired temperature (25°C). The surface of the samples was covered with a thin
layer of siiicone oil to prevent water evaporation during measurements. The sample

“solutions were subjected to 2 Hz sinusoidal shear oscillations of a stainless steel blade
(sus 304, 10 mm W x 25 mm L x 0.6 mm T) with an amplitude of 125 pum only when

the storage modulus (G') and the loss modulus (G") were measured.

Results and Discussion

Relatively low concentration of polysaccharides in solution finds significant use in
the food industry to control the rheological properties of many modemn convenience
food products (Krumel & Sarkar, 1975; Clegg, 1995). In this study, the concentration
range of alginate aid that of sucrose were varied from 0 to 2.5 and 0 to 40% (w/w),
respectively, by considering practical usage in the food industry. As shown later, a
system containing 2.5% (w/w) alginate and 40% (w/w) sucrose was high enough in

concentrations to show gel-like behavior.

Effect of sucrose on water activity and fraction of freezable water

Since water is a major component in almost all foods and frequently used as a
diluent of food solids, physical properties of foods, behaviour in processing, microbial
growth during food storage, and so forth, are strongly related to the physicochemical

properties of water in the system (Roos, 1995). Properties of water in foods exhibit
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differences that depend on the effect of dissolved compounds on the phase behavior of
water (Roos, 1995) such as the water activity and the fraction of freezable water.

Water activity is a measure of the availability of water in an equilibrium system,
which correlates with the stability of foods in terms of chemical reactions and
microbial growth (Herrington & Vernier, 1995). Figure 1 shows water activities of
alginate aqﬁeous solutions containing sucrose as an additive. The water activity values
$lightly decreased as the sucrose concentration increased up to 40% (w/w). In contrast,
no significant change in the water activity was observed when alginate concentrations
ranged from 0% (w/w) to 2% (w/w) at a fixed sucrose concentration. The water
activity value of the most thick solutions which contained 40% (w/w) sucrose and 2%
(w/w} alginate was about 0.95; that of pure water being unity. The results in Fig. 1
suggest that water activity values of alginate aqueous solution containing sucrose are
largely determined by the sucrose content. In the practical concentration range used in
the food industry, the molar amount of components having low molecular weight is
considered dominant to that of polymers. Therefore, a colligative property of water
such as water activity would be dependent mostly on the content of low molecular
weight substances.

Figure 2 shows the fraction of freezable water as a function of added sucrose
concentration. As a comparison, the fraction of freezable water in sucrose/water
systems without alginate was taken from a previous study (Pongsawatmanit &
Miyawaki, 1993). Adding sucrose significantly decreased the fraction of freezable
water with increasing sucrose concentrations. At the same sucrose concentration, the
fraction of freezable water did not depend on-the alginate concentrations. Although
the fraction of freezable water was more sensitive to the sucrose content than the

water activity, the both results shown in Fig. 1 and Fig. 2 clearly demonstrate that
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physical properties of water in alginate/sucrose/water systems are mainly determined

by the high concentration of sucrose.

Effect of sucrose on viscosity

Alginates function as a stabilizer in foods through its abilities to hydrate and
increase viscosity of the system (Onsgyen, 1992; Marshall & Arbuckle, 1996). The
effect of sucrose addition on viscosity _of alginate solutions was investigated at a low
concentration of alginate. As shown in Fig. 3, apparent viscosity at 25°C increased
with increasing alginate concentration. At a fixed alginate concentration, the systems
containing a higher amount of sucrose had a higher viscosity value.

For polymer solutions, the specific viscosity (ns) can be defined by the following
equation:

Tsp = (M - Ms)/Ms (1

where 1 and n; are the viscosities of the solution and the solvent, respectively. Values
of the specific viscosity are considered to be the contribution of polymer to viscosity,
reflecting the effective volume occupied by polymers in the system. In
alginate/sucrose/water systems, the contribution of alginate to solution viscosity can
be evaluated by using viscosity values of sucrose solution as ns. Figure 4 shows the
calculated values of the specific viscosity as a function of alginate concentrations. The
effect of sucrose on specific viscosity values were small and all the results can be
represented by a single curve. At a sufficiently low concentration, alginate is
considered to exist as disordered random coils in solutions and the individual coils are
well separated from one another being free to move independently (Morris, 1995).

Therefore; the results in Fig. 4 indicate that adding sucrose did not change the shape

g
L Avi
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and the size of the individual alginate random coils in solutions. Considering the
effect of sucrose addition at the higher temperature (40°C), specific viscosity values
were plotted as a function of concentration (Fig. 5). Similar to the results in Fig. 4, all
the data can be represented by a single master curve except for low concentration of
alginate at 40% (w/w) sucrose. In contrast to the results of the water activity or the
freezable water fraction, rheological properties of alginate solutions with added
sucrose were strongly dependent on the amount of alginate even at a low polymer

concentration <0.5% (w/w).

Effect of sucrose on the viscoelastic propertics

With increasing polymer concentration, the elastic nature of the system due to
overlapping or entanglement of polymers becomes pronounced. As a result, the
system shows a viscoelastic behavior at a high polymer concentration. In this regime,
two separate components of viscoelasticity are obtainable by measuring the stress
response of materials to a sinusoidal shear oscillation: the storage modulus, G', (in
phase) and the loss modulus, G", (out of phase) which are a measure of the elastic and
the viscous component, respectively. On a molecular basis, the magnitude of storage
modulus, G, is dependent upon degree of rearrangements taking place within the
period of oscillation and the loss modulus, G", is a measure of the energy dissipating
as heat per cycle of sinusoidal deformation (Rao, 1992; Ross-Murphy, 1994).

For the systems with a higher alginate concentration than 0.5% (w/w), G' and G"
increased with increasing alginate content (Fig. 6). Non zero values of the storage
modulus, G, represent the existence of elastic nature while relatively larger values of
G" than.G' at each condition indicate a typical liquid-like behavior of these systems.

Addition of sucrose increased both G' and G" values. The systems containing 40%

"t
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(wfw) sucrose showed significant large values of both G' and G" indicating that the

solutions are highly stabilized by sucrose addition.

In Fig. 7, G"/G' values (so called tan &) are plotted against alginate concentrations.
The values of G"/G' were almost constant for the systems without added sucrose. In
contrast, the systems containi'ng 10 to 40% (w/w) sucrose showed rapid decrease in
G"/G' with ihcreasing alginate concentrations indicating G' values increased more
sharply than G" with increasing sucrose concentration. The G"/G' value for the system

containing 2.5% (w/w) alginate and 40% (w/w) sucrose was unity indicating the same

-
=

e

degree of viscous and elastic components exist. Such systems with pjgh G"/G' values
would be inferred as a weak gel (Ross-Murphy, 1994). Consequently, sucrose was
found to affect the elastic character rather than the viscous behaviour of systems at a
high alginate concentration. Based on the results of specific viscosity at a lower
alginate concentration shown in Fig. 4, it was suggested that the effect of interactions
between alginate and sucrose on rheological properties was negligible at a lower
alginate concentration than 0.5% (w/w). When the concentration of alginate were
increased (higher than 0.5%, w/w), where overlapping or entanglement of polymer
chains are expected, effect of sucrose on elastic nature of the system was pronounced

by increasing both concentrations of sucrose and alginate.

To summarize, adding sucrose to alginate dispersed systems decreased the water
activity and the freezable water fraction, the values of which are mainly determined by
sucrose concentration, while rheological properties were positively affected. With
increasing alginate concentration, elastic nature of the alginate/sucrose/water system
became prénounced due to sucrose-algiﬁate interaction especially in the alginate

concentration range higher than 0.5% (w/w).

/"—?é
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Table 1 Composition of cation and anion in the alginate powder.
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Biopolymer Moisture Amount of cation (%, w/w) | Amount of anion (%, w/w)
content (%) | Na* K* Ca* cr S04
Sodium alginate 9.48 8.10 0.07 <0.01 0.08 0.27
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Figure Legends

Fig. 1 Effect of sucrose on water activity in alginate solutions containing 0% (+),
0.5%(w/w) (=), 1.0%(w/w) (&), and 2.0%(w/w) (*) alginates.

“Fig. 2 Effect of sucrose on fraction of freezable water in alginate solutions containing

0% (#), 0.5%(w/w) (=), 1.0%(w/w) (4), and 2.0%(w/w) (*) alginates.

Fig. 3 Apparent viscosity of sucrose/alginate/water systems containing 0% (*),

10%(w/w) (=), 20%(w/w) (#), and 40%(w/w) () sucrcse.

Fig. 4 Specific viscosity at 25°C of sucrose/alginate/water systems containing 0% (*),

10%(w/w) (1), 20%{w/w) (»), and 40%(w/w) (*) sucrose.

Fig. 5 Specific viscosity at 40°C of sucrose/alginate/water systems containing 0% (*),

10%(w/w} (»), 20%(w/w) (»), and 40%(w/w) (*) sucrose.

Fig. 6 Storage {a} and loss moduli (b) of sucrose/alginate/water systems containing

0% (*), 10%(w/w) (4), 20%(w/w) (=), and 40%(w/w) (+) sucrose.

Fig. 7 Effect of sucrose on G"/G' value of sucrose/alginate/water systems containing

0% (0),10%(w/w) (&), 20%{(w/w) (=), and 40%(w/w) (+) sucrose.
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ABSTRACT

The effect of temperature on viscosity and viscoelastic properties of alginate
dispersed aqueous system was investigated. Apparent viscosity decreased with
increasing temperature. The specific viscosity values were represented by a single
master curve for the different temperature of alginate solutions containing lower
concentration of alginate than 0.5% (w/w). The activation energy of the Arrhenius
refationship between In of viscosity for polymer solutions and reciprocal of absolute
temperature was in the same order as that of water. 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 ratio of the loss modulus, G", to the storage modulus, G'; G"/G' (= tan d) values
increased with increasing temperature but for the higher polymer concentration (2.0%,

wiw), the G"/G' values increased less than that of system with 1.5% (w/w) alginate.
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These results suggest that effect of temperature on the viscoelastic properties of

aqueous alginate solutions was lower with increasing alginate concentration.

Key words: alginate, viscosity, storage modulus, loss modulus, activation energy.

INTRODUCTION

. Alginates, linear copolymers of D-mannuronic acids (M-blocks) and L-
glucuronic acids (G-blocks) extracted from brown seaweeds, are one of the most
commonly used food polysaccharides (Pomeranz 1991). An important functional
property of food polysaccharides is controlling rheological properties of an aqueous
phase in foods through entanglement and association of polymer chains or gelation
behaviour (Moe er al. 1995). Rheological properties are important in the design of
flow processes, in quality control, in storage and processing stability measurements,
and in predicting texture (Davis 1973). In addition, understanding of rheological
property improves product mouthfeel properties, handling and stability characteristics
with consistent properties, shelf stability, and good consumer appeal and acceptance
(Imeson 1992) in the formulation of a wide range of food products such as beverages,

bread, cheese, desserts, dressings, ice-cream and so on (Dickinson and Lorient 1995).
The physical state and molecular mobility of polymers are affected by
temperature and also by composition of food solids. Viscosity can be related to the
molecular mobility (Roos 1995). Usually, viscosities of dilute solutions of materials,
particularly polymers, are investigated to improve understanding of the molecular
properties {(Rao 1995). Viscoelastic properties of biopolymers such as carbohydrates
and proteins can also be used to characterize their three-dimensional configuration in

solution. This configuration affects their functionality in many food products. Through
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an understanding of how the molecular structure of polymers affects their rheological
properties, it is possible to better predict and improve the flow behaviour of these
polymers through various modifications (Kokini, 1992).

The characterization of the relationship between the rheological properties of
alginate/water system and temperature is expected as an approach for a more
understandihg of the thickening properties and stabilizing capacity during processing
and-storage which are important for the product and process development in food
industry. In this paper, effects of temperature on rheological properties of aqueous
alginafe solutions were investigated. Viscosity measurements at a low alginate
concentration and dynamic viscoelasticity measurements at a high alginate

concentration were performed.

MATERIALS AND METHODS

Materials

Sodium alginate (Kanto Chemical, Tokyo, Japan, Lot. no. 802S51707;
approximate molecular weight is 176,000 and M/G ratio 1s 1) extracted from Lessciia
nigrescens was used without further purification. The moisture content of the sample
is about 9.48 % determined by drying 1.00 g samples of sodium alginate at 107°C for
4-6 h. The content of sodium, potassium, and calcium ions in alginate powder was
determined by an atomic absorption spectroscopy and the content of CI” and SO4> was
determined by an ion chromatography method. The results of sample characterization
are shown in Table 1. Water used in preparation and experiment was purified
{(Miilipore, resistivity 18 MQcm) after distillation. All other chemicals were of reagent

grade quality.

k
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Preparation of alginate solutions

A precisely weighed amount (£0.1 mg) of the alginate powder was suspended
in water and then dissolved at room temperature by stirring with a magnetic stirrer for
at least 6 h. The sample was kept overnight at 25°C before measurement. Zero to

2.0% (w/w) of alginate solutions were prepared.

Rheological measurements

The apparent viscosity of dilute alginate solutions (0.1-0.9%, w/w) was
measured with a cone and plate type viscometer (Visconic, ED type, 1°34' in the cone
angle and 2.4 cm in diameter, Tokimec, Tokyo, Japan). One mlL of the sample
solution was poured into the sample cup and the viscosity values were measured at 10,
25, 40 and 55°C in the shear rate range of 1.92-383 s™'. The viscosity values at the
lowest shear rate where the value was in the reliable range of the apparatus were taken
as apparent viscosity values.

At a high concentration of alginate solutions (0.5-2.0%, w/w) dynamic
viscoelasticity measurements were performed using a Rheolograph sol (TCU-6, Toyo
seiki, Tokyo, Japan). The alginate solutions were poured into the sample holder (1.5
mL) using glass pipettes and conditioned at least 30 min to equilibrate the samples at
a desired temperature. The surface of the samples was covered with a thin layer of
silicone oil to prevent water evaporation during measurements. The sample solutions

dwere subjected to 2 Hz sinusoidal shear oscillations of a stainless steel blade (sus 304,

10 mm W x 25 mm L x 0.6 mm T) with an amplitude of 125 pm only when the

storage modulus (G') and the loss modulus (G") were measured.
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RESULTS AND DISCUSSION
Effect of temperature on viscosity

Alginates function as a stabilizer in foods through its abilities to hydrate and
increase viscosity of the system (Onseyen 1992; Marshall and Arbuckle 1996). The
effect of temperature on viscosity of alginate solutions was investigated at a low
conqentration of alginate. As shown in Figure 1, apparent viscosity increased with
increasing alginate concentration. At a fixed alginate concentration, the systems at the
higher temperature had a lower viscosity value.

To improve understanding of the molecular properties in dilute solutions of
polymers (Rao 1995), the viscosity of the solution and the solvent are used to
calculate the specific viscosity (nsp) defined as the following equation.

Nsp = (M - Ns)/Ms (1)
where 1 and 1, are the viscosities of the solution and the solvent respectively. Values
of the specific viscosity (ns,) are considered to be the contribution of polymer to
viscosity. reflecting the effective volume occupied by the polymers in the system.

The effect of temperature on specific viscosity values were small and all the
results can be represented by a single curve (Figure 2). At a sufficiently low
concentration, alginate is considered to exist as disordered random coils in solutions
and the individual coils are well separated from one another being free to move
independently (Morris 1995). Therefore, the results in Figure 2 indicate that changing

temperature from 10°C to 55°C did not change the shape and the size of the individual

alginate random coils in solutions.

I
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The influence of temperature on viscosity for a solution was characterized by

an Arrhenius relationship
Inn,=inmn, - E/RT 2)

Where n, is the apparent viscosity at temperature T (K), E, is activation energy for
viscosity, R is the gas constant (= 8.314 J/mole.K) and 1, is a constant. The Arrhenius
relationship was studied by plotting In of viscosity as a function of 1/T (Figure 3). The
magpitude of activation energy varied over the range approximately 15.0 -21.8
kJ/mole for the studied polymer solutions but was close to that for water (Table 2).
This suggests that the change in the viscosity of polymer solutions with temperature is
mainly due to the change in the viscosity of the solvent (water) at low concentration

of the polymer.

Effect of temperature on viscoelastic properties

With increasing polymer concentration, the elastic nature of the system due to
overlapping or entanglement of polymers becomes pronounced. As a result, the
system shows a viscoelastic behavior at a high polymer concentration. In this regime,
two separate compcnents of viscoelasticity are obtainable by measuring the stress
response of materials to a sinusoidal shear oscillation: the storage modulus, G', (in
phase) and the loss modulus, G", (out of phase) which are a measure of the elastic and
the viscous component, respectively. On a molecular basis, the magnitude of storage
modulus, G', is dependent upon degree of rearrangements taking place within the
period of oscillation and the loss modulus, G", is a measure of the energy dissipating

as heat per cycle of sinusoidal deformation (Rao 1992; Ross-Murphy 1994).
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For the solutions with high alginate concentration (>0.5%), G’ and G"
increased with the increase of alginate (Figure 4). Nonzero value of G' found in
Figure 4 shows alginate-alginate interaction. In addition, G’ and G" decreased with
increastng the studied temperature from the 17.5°C to 51°C. The higher the
temperature the lower the modulus values obtained.

Another parameter which is useful in indicating the rheological properties of a
system, G"/G' value (so called tan §; ratio of.the energy lost to the energy stored for
each cycle of the deformation) was plotted against temperature. The values of G"/G'
increased with increasing the temperature of the aqueous alginate solutions but for the
higher polymer concentration (2.0%, w/w), the G"/G’ values increased less than that of
the svstem with 1.5% (w/w) alginate (Figure 5). This indicated that a higher alginate
concentration was found to affect the elastic character rather than the viscous
behaviour of systems as the temperature increased because of the overlapping or
entanglement of polymer chains.

In conclusion, increasing the temperature of alginate dispersed systems
decreased the apparent viscosity for the solution mainly due to the change of viscosity
of water because activation energy of alginate aqueous systems evaluated from
temperature dependence of viscosity is almost the same as that of water. With
increasing alginate concentration, the elastic nature of the alginate/water system
became pronounced due to alginate-alginate interaction even at a higher temperature

of 55°C.
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Tables

Table 1 Composition of cation and anion in the alginate powder.

Biopolymer Moisture Amount of cation Amount of anion
content (%) (%, wiw) (%, w/w)
Na* | K [ ca®™ | cr | so&
8.10 0.07 | <0.01 0.08 0.27

Sodium alginate 9.48

Table 2 Activation energies of the aqueous alginate solutions and water

Alginate concentration Activation energy
(%o, wiw) {kJ/mole)
0 (water) 16.3
0.01 14.9
0.02 20.0
0.05 16.1
0.09 19.2
0.21 15.9
0.46 18.6
0.91 21.8

10
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Figure Legends

Figure 1 Apparent viscosity of alginate/water systems for different temperatures.

Figure 2 Specific viscosity of alginate/water systems for different temperatures.

Figure 3 Arrhenius plot between In of viscosity and reciprocal of temperature for

different alginate concentrations.

Figure 4 Storage (a) and loss moduli (b) of alginate/water systems for different

temperatures.

Figure 5 Effect of alginate concentration on G"/G’ value of alginate/water systems for

different temperatures.



98

1000 - =
- ]
~~ - -
%] B _
(G b=~ -
E
~ 100 -
2 3 3
%] o N
O - -
Q b 4
.2 | J
=
=
5] 10 =3 3
b=t o 3 — e °C
oL C ] —a— 23°C
g C ] ———— °CC
L J —a— 553°C
b
l 1 lllL i L1 1.1 ll_ll I 1 1 31 l11

0.01 0.1 1

Alginate concentration (%, w/w)

Figure 1 Apparent viscosity of alginate/water systems for
different temperatures.



99

1000 g
> X 1
= * [10°C
& 100 S m 25°C
Q F " A H°C
S i , x 55°C
ey | {
5 10 | .
S S I
- C e
w2 [ ]
i
l 1 v aaad SR RTINS N W T T
0.001 0.01 0.1 1

Alginate concentration (%, w/w)

Figure 2 Specific viscosity of alginate/water systems for
different temperatures.



100

8 k-
: + 0%

6t . 0.01%
—_ - 4 0.02%
2 4L x 0.05%
S // 0 0.09%
e % Lo
= I /,/'* 00.91%

0 [ //

e ] C 1 1 1 1 1 ] L 1 14 ]

0.003 0.0032 0.0034 0.0036

1/T (1/K)

Figure 3 Arrhenius plot between In of viscosity and reciprocal
of temperature for different alginate concentrations.



101

20

: —e— 17.53°C (a)
o L —a— 25°C
o 5 —a— J0°C
~ 15 —e—31°C |
© i
%) L
= _
5 10
O L.
E L
N N
& i
§ 5 __ ......................................................
v N

0 PRI S A B A A
0 0.5 1 1.5 2 2.5

Alginate concentration (%, w/w)

(b)
35 F | —a—-25C |
=
A 30
[CREY
2]
= 2
B
= 15
w
2 10
!
5
0 llJ]llIlllllllll

n

0 0.5 1 1.5 2 2.

Alginate concentration (%, w/w)

-

Figure 4 Storage (a) and loss moduli (b) of alginate/water
systems for different temperatures.



102

6 ¢
5
4 r
O -
= 3¢t
o C
2 F 4 1.5%
- e 2.0%
|
0 Coa st Poopvdrre ey tuaislbaggs

0 10 20 30 40 50 60
Temperature (°C)

Figure 5 Effect of alginate concentration on G"/G’ value of
alginate /water systems for different temperatures.



103

N ECONOMY AIRMAIL

Postage
h Paid
10th Australia
World Congress ol
Food Science &
Technology

L]
Rungnaphar Pongsawatmani 1978
Associate Professor
Faculty Of Agro-Industry
Department Of Production Development, Faculty Of Agro—lndusy
Kasetsart University, Chatuchak, Bangkok
10900
THAILAND

Return to Sender: PO Box 1493, North Sydney NSW 2059 Australia

World Congress ol
Food Science &
Technology

10th ACKNOWLEDGEMENT OF ABSTRACT

Y our abstract/s for the 10th World Congress of Feod Science &
Technology has been received. Notification of acceptance will
be sent on 31 January 1999.

Acceptance of papers and posters'will be subject to the
condition that registration documents and payment in full are
received by 31 March 1999. ’

g rg:n i‘?‘:.w 233 Undler the auspices ' .
am‘:ﬂgag of the intemational Union  For further information contact:: IUFoST Congress 10, PO
Food Science of Food Scence Box 1493, North Sydney NSW 2059, Tel: +61 2 5959 4499

& Technology & Technology Fax +61 2 9954 4327 E-mail: ivfost10@aifst.asn.au



104

EFFECT OF CONCENTRATION AND TEMPERATURE ON
VISCOELASTIC PROPERTIES OF AQUEOUS XANTHAN DISPERSIONS

Rungnaphar Pongsawatmanit, Shinya Ikeda and Osato Miyawaki*

Department of Product Development, Faculty of Agro-Industry, Kasetsart University,
50 Phahonyotin Road, Chatuchak, Bangkok 10900 Thailand.
'Department of Applied Biological Chemistry, The University of Tokyo,

1-1-1 Yayoi, Bunkyo-ku, Tokyo 113, Japan.

ABSTRACT

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. 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. The activation energy of xanthan
dispersion estimated by the Arrhenius plot between viscosity and the absolute
temperature was lower than that of water, indicating that the viscosity of aqueous
xanthan disperston is less sensitive to temperature than that of water. 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.



