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ABSTRACT

Taking x-carrageen as an example, this
contribution shows that by means of rheo-
optical methods, it is possible to characterize
the polymer’s specific solution properties,
which influence the solution structure at
different concentrations, as well as its
gelation process.

INTRODUCTION

Due to their thickening, jellying,
binding, stabilizing and therefore structure
forming abilities, biopolymers are widely
used as ingredients in food stuff. This
especially counts for polysaccharides - on
their own or in combination with
hydrocolloids. Quantitative characterization
of the gelation process of, for example, «-
carrageen can help to improve food
processing. Generally speaking, a complete
rheo-mechanical characterization can only
be achieved by applying steady shear flow,
oscillation and uniaxial elongational flow,
see Fig. 1. Rheo-mechanical investigations
can provide a wide range of information for
food processing. The information thus
obtained applies to the sample volume as a
whole'.

In addition, rheo-optical investigations
that analyse the flow birefringence and flow
dichroism can be used to draw conclusions
about the mobility and orientation of the
polymer as a function of the shear rate (for
details see ** and references cited therein).
It is possible to characterize the dynamic
behaviour of local structures (polymer
segments and polymer aggregates),
determine intermolecular and intramolecular
interactions, and detect changes in the
solution structure.
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Figure 1. Mechanical and optical detection
of rheological material functions for a
comprehensive characterization of polymer
solutions

k-carrageen, which  has  various
applications in food industry, as a thickener,
an additive or a stabilizer for puddings,
dressing and beverages, shows strong
jellying properties at concentrations above
1 % (w/w) and temperatures lower than
25° C.



A Kkinetically controlled helix-coil-
transition is assumed to be the reason for the
gelation behaviour’, at which aggregated
structures are  built up by formation of
helical dimers°®. Investigations of viscosity in
dependence on temperature show that at
going below a critical temperature, a drastic
increase of viscosity is detected’. The
critical temperature itself is a function of the
applied concentration, i.e. with increasing
concentration the transition temperature
rises. The number of entanglements for this
thermoreversible gel formation depends on
temperature and on the dissociation energy
of the entanglements®. The dissociation
energy for k-carrageen broken up in an
autoclave was determined to be AH = - 74
kJ/mol.

While detailed investigations on the
reversibility of gelation and on the
dependence on concentration of loss and
storage moduli in the jellified state have
been carried out previously’, the
rheologically detectable molecular changes
in the solution structure for an increase in
concentration in the not jellified state still
have to be determined. Therefore,
investigations in stationary shear field at 323
K, ie. above the temperature of gel
formation, have been performed for different
concentrations (¢ = 0.5, 1, 2 % (w/w)). The
gel formation temperatures have been found
to be 298 K for ¢ = 0.5 % (w/w), 305 K for
¢ =1.0%, and 313 K for ¢ = 2.0 %. Below
these temperatures, gellification occurs.
From a concentration of 1 % (w/w) onwards,
one therefore gets cut resistant gels at room
temperature.

It was the aim of these investigations, to
detect the interactions leading to
gellification already prior to the formation
of a gel.

RESULTS AND DISCUSSION

Fig. 2 shows the flow birefringence,
normalized over concentration (left y-axis)
and the orientation angle determined by
means of birefringence (right y-axis).
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Figure 2. Reduced flow birefringence An’/c
(solid symbols) and orientation angle ¢
(hollow symbols) as functions of shear rate
g for k-carrageen
(in aqueous solution; T = 323 K)

While such a normalization is possible
for many different other polymers (e.g.
sodium carboxymethylcellulose or waxy
maize starch’), k-carrageen does not show
ideal behaviour. At concentrations up to 1 %
(w/w) the curves are superimposible, i.e. an
increase of concentration by factor 2 causes
an increase of birefringence by factor 2 as
well. The higher concentrated solution
deviates from this principle and exhibits
distinctly higher values for birefringence at
low shear rates. At higher shear rates the
curves approximate. The higher
concentration of ¢ = 2 % (w/w) therefore
shows a different slope, i.e. there is a
different shear sensitivity of the molecules.

These results indicate that if a critical
concentration is exceeded, differences in the
solution structure arlse (for details on the
five solution states see '°). These differences
are not detectable only by means of rheo-
mechanics. Although - analogous behaviour
of optical and mechanical measureable
variables assumed - the superimposition of
the curves normalized over concentration of
samples of ¢ = 0.5 and 1 % (w/w) would
correspond to a slope of one in double
logarithmically scaled n,-c-[n]- or ng-c-My,
diagrams, the strongly enhanced
birefringence for ¢ = 2 % (w/w) can not be
explained by a transition from the diluted to
the concentrated state. In this case one
would expect a slope of 3.4 at the highest in
an n,-c[n] diagram. But the optical values
determined for K-carrageen correspond to a
slope of 6, which shows that a transition



from a diluted to a concentrated solution can
not be the only cause for the high

birefringence  observed.  This  high
birefringence could rather be caused by a
helix-coil transition. Moreover, inter-

molecular interactions could also be the
reason. Independent on the nature of the
interactions, these investigations
demonstrate that intermolecular interactions,
which influence the solution structure,
already occur prior to the gel formation and
above the temperature and concentration of
gellification.

This assumption is confirmed by the
orientation angles of solutions of different
concentrations. An orientation angle, ¢, of
45° means that the polymer segments are
statistically disordered in the solution, while
an orientation angle of 0° indicates complete
alignment of the polymer segments in shear
direction.

While the solutions of ¢ = 0.5 and 1 %
(w/w) show identical orientation angles,
exhibiting high values and being
independent on shear rate, for concentrations
of ¢ =2 % (w/w) distinctly smaller angles -
meaning stronger alignment - were detected
(Fig. 2). This stronger alignment can only be

caused by intermolecular interactions,
confirming the thesis above.
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Figure 3. Viscosity, 7, (solid symbols) and
stress-optical coefficient, C, (hollow
symbols) as functions of shear rate, g, for
k-carrageen at different concentrations
(in aqueous solution; T = 323 K)

Fig. 3 shows the shear viscosity, 1, and
the stress-optical coefficient, C, as functions
of shear rate. Above a shear rate of g =157,
viscosity is nearly constant. The increase of
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shear stress at rising shear rate is therefore
higher than the increase of the birefringence,
An’. This is confirmed by the stress-optical
coefficient, C, which strongly decreases
with increasing shear rate. Therefore, the
stress-optical rule'' can not be applied here.
The mechanical properties are not only
determined by the properties of the polymer
segments, which are detected by the aid of
flow birefringence, but also by other parts of
solution, e.g. aggregated or helical portions,
which can not be described by the stress-
optical rule. As k-carrageen does not exhibit
any flow dichroism, no statemens on the
multi phase state of the solution can be
made.
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