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Gelation/melting cycles of k-carrageenan/galactomannan (guar, tara and
locust bean gums) binary systems have been studied by measuring dynamic
rheological parameters. Two experimental conditions were used. (i) the total
polysaccharide concentration was kept at 1% and the x-carrageenan/galacto-
mannan ratio fixed at 4:1 and (ii) the k-carrageenan concentration was fixed at
0-75% and the galactomannan content varied from 0% to 1-2%. A thermal
hysteresis was observed for all mixed systems and was found to depend on the
galactomannan used. From a comparison of the gelation temperature (7,) and
melting temperature (T ,,) to values obtained with k-carrageenan alone, it was
suggested that galactomannan interferes with gel structure by the formation of a
sccondary network provided that the M/G ratio is high enough.

INTRODUCTION

Galactomannans are plant seed polysaccharides
containing a backbone of (1—-+4)-8-D-mannopyranosyl
units with attached (1—6)-a-D-galactose units (Dey.
1978). The proportion of galactose units attached to the
mannan chain depends on the species from which the
polysaccharide is extracted and varies from approxi-
mately 20% for locust bean gum (LBG) to 33% for guar
gum (GG) (Hui & Neukom, 1964). and is approximately
25% for tara gum (TG) (Cairns ez al., 1986). GG and
LBG have found widespread use in the food industry
due to their ability to form viscous solutions. However.
they do not form gels by themselves.

Carrageenan is a complex mixture of sulphated
galactans extracted from certain red marine algae.
Kappa-carrageenan (k-car) is the less sulphated fraction
and the easiest to gel. Different models have been
proposed for the mechanism of gelation of k-car (Rees.
1972: Smidsred, 1980; Rochas & Rinaudo, 1984). This
polysaccharide presents a thermally induced conform-
ational change and gelation can occur in the presence
of specific ions such as potassium. The role of these
cations in the conformation of k-car at the sol-gel
transition has been extensively studied by Rochas &
Rinaudo (1982). Norton er al. (1983), Plashchina et al.
(1986), Day eral. (1988), Nilsson eral. (1989) and
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Nilsson & Piculell (1989). Recently, Hermansson et al.
(1991) studied the effects of the cations potassium.
sodium and calcium and mixtures of these cations on
k-car gelation by microscopy and viscoelastic measure-
ments. The possibility of aggregation of the ordered
helices leads to the appearance of a thermal hysteresis
(Morris et al., 1980; Rochas & Rinaudo. 1980). Rochas
& Rinaudo (1980, 1982, 1984) found that the inverse of
the melting temperature of the ordered conformation
was linearly related to the logarithm of the free
potassium concentration. According to this relation,
these authors described a phase diagram taking into
account the free potassium concentration and the
temperature in order to characterize the conformation
and the gelation of the x-car. This phase diagram
defined three domains: the first one was typical of a coil
type macromolecular system: the second domain was
characterized by an ordered conformation (helical
dimer) and the third one was deftined by helical dimers
aggregated in a gel phase. For ionic concentrations
higher than 7 X 107" eq/litre, both values of gelation
(T,) and melting (T ) temperatures were different and
this hysteresis was directly correlated with gel formation.

Gels of k-car are brittle and prone to syneresis. The
tendency to brittleness can be reduced by the addition
of LBG. The synergistic effects between «-carand LBG
lead to gelation under conditions at which the pure
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components would not gel. Interestingly, this synergism
does not occur with GG because of structural differences.
The mechanism of gelation of these binary systems is
still a matter of debate and several models have been
proposed (Dea & Morrison, 1975; Tako & Nakamura,
1986; Cairns et al., 1987). As in the case of k-car alone
these mixed systems can exhibit thermal hysteresis.
Although the region of thermal hysteresis of the k-gel
increases by addition of LBG (Dea etal., 1972;
Fernandes et al., 1991a), the linear relationship between
the logarithm of the free potassium concentration and
the inverse of T, and T, is still observed for a fixed
k-car/LBG ratio (Fernandes et al., 1991a).

In our work initially, k-car/galactomannan blends at
a 4:1 ratio and 1% total polymer concentration were
characterized. This ratio corresponds to the maximum
of synergistic interaction previously found for these
mixed systems (Fernandes eral., 1991b). Then, the
k-car content was kept constant at 0-75% and the
galactomannan (GG and LBG) was added ata concen-
tration progressively increasing from 0% to 1:2%. The
results obtained were compared to those of k-car alone.
The overall objective was a better understanding of the
role of the galactomannan in the formation of x-car/
galactomannan mixed systems.

MATERIALS AND METHODS
Materials

‘Two Portuguese carob flours, galhosa and canela, were
obtained at the laboratory scale according to Gongalves
et al. (1988) and three commercial grade guar, tara and
carob gums were kindly provided by SBI (France),
Marine Colloids (USA) and Indal (Portugal), respect-
ively. The k-car sample was extracted from Eucheuma
cotonii and was kindly supplied by SBI (France), in the
K* form. All the galactomannan samples, except guar
gum, had to be purified as described by Fernandes ez al.
(199156). The Indal gum was fractionated according to
its solubility in water. The procedure was carried out in
order to have a final solution of hot water soluble
(HWS) fraction at 1% (w/w) as previously described by
Fernandes et al. (1991b). This fraction will be referred
to as HWS.

METHODS
Analysis of galactomannan samples

The moisture and ash contents of the gums were
obtained by standard methods. The protein content
was determined by the Kjeldhal method using a 5:-87
factor (Anderson, 1986). The mannose to galactose
ratio (M/G) was determined by the procedure of
Blakeney et al. (1983). In the case of the HWS fraction

of Indal gum, the M/G ratio was determined directly
from the solution as described in Fernandes et al.
(1991b).

Preparation of the solutions

The galactomannan and x-car samples were first
dispersed in water under moderate agitation for 1 h, at
room temperature, and then heated at 90°C for 30 min
while stirring. After cooling, the polysaccharide
concentration was estimated using the phenol-sulphuric
acid method of Dubois ez al. (1956).

The binary systems were prepared by mixing, at
90°C, the solutions of galactomannan and k-car at the
desired ratio and total polymer concentration: k-car/
galactomannan blends at the 4:1 ratio and 1% total
polymer concentration, and k-car at the constant
concentration of 0-75% plus GG or LBG at progressive
concentrations until 1-2%. The hot mixture was heated
for 15 min at the temperature of 90°C and then cooled
to 55°C. In these experiments, no KCl was added, the
only K* ions were those present in the salt form of the
K-car.

Rheological measurements

Dilute solutions

The viscosity of dilute solutions was measured at 25°C
with a Low-Shear 30 viscometer (Contraves) using a
concentric cylinder geometry (r, = 5-5 mm; r, = 6:0 mm;
h = 80 mm) over the shear rate range 0f 0-017-128-5s™".
The intrinsic viscosity, [n], was evaluated from classical
Huggins and Kraemer plots. In the case of TG and
HWS Indal fraction the intrinsic viscosity was evaluated
as described by Fernandes et al. (19915).

Cooling-heating cycles

The hot mixture was poured directly onto the plate of
the controlled stress rheometer Carri-Med CS-50, at
55°C, and covered with light oil in order to eliminate
dehydration probiems. The storage modulus, G’, and
the loss modulus, G”, were obtained from temperature
sweep experiments under the same conditions as in
Rochas & Rinaudo (1980) and Plashchina et al. (1986):
by cooling the systems from 55°C to 5°C and then
reheating to 55°C, at the rate of 18°C/h, at the constant
frequency of 1-0 Hz. A parallel plate geometry was used
(gap 4 mm; plate diameter 6 cm) with radial grooves in
order to avoid gel slippage. The strain amplitude was
fixed at 0-02.

Mechanical spectra and time sweep experiments

The temperatures at which mechanical spectra
(0-1-10 Hz) and time sweep experiments (1 Hz) were
performed, were attained by decreasing the temperature
from 55°C at the rate of 18°C/h. These measurements
were performed with the rheometer Carri-Med fitted
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with a cone and plate geometry (4° cone angle, 50 cm
diameter). The strain amplitude was fixed at 0-05.

The sol-gel transition was defined by the cross-over
of the rheological moduli, G’ and G"', as described in
the case of physical gels by Axelos & Kolb (1990),
Cuvelier ez al. (1990) and Lin et al. (1991).

RESULTS

The chemical and macromolecular characteristics of
the different galactomannan samples are given in
Table 1. It is seen that M/G varied to a large extent as
expected since galactomannans are of different origins.
Also, it can be noticed that M/G varies to a relatively
large extent between LBG samples. The intrinsic
viscosity which is an indirect measure of the molecular
weight varied from 9-4 to 16:0 dl/g. Figure 1 presents
the evolution of G' and G" as a function of temperature
for x-car alone at 1%. The system was cooled from 55°C
to 5°C and then reheated. A hysteresis is clearly

Table 1. Composition and macromolecular characteristics of
the galactomannans

Sample Ash Protein M/G [n]
(%) (%) (di/g)
Guar 0-10 0-22 1-68 12-0
Tara 0-20 0-45 310 9-4
Canela 033 0-40 346 13-8
Galhosa 0-35 0-49 404 153
Indal 031 0-50 4.04 154
HWS Indal — — 4-80 16-0

[n): intrinsic viscosity.
M/G: mannose to galactose ratio.

80
S 60 Sy,
= "
0 l. un
- A [} ]
& 40 -

-l- nn Tg
20 1 ‘.. "i Tm
ﬁ .\
0- ]

Temperature (°C)

Fig. 1. G' and G"' variation as a function of temperature for

k-car at 1.0% polymer concentration. Frequency: 1 Hz. 7:

gelation temperature; 7,,; melting temperature. (M) G,
(#) G”, cooling; ([J) G, (¢) G", heating.

exhibited with T, = 24-25°C and T, = 32°C, taking
the sol-gel transition as the cross-over of G' and G".
Typically, the cross-over of G' and "' takes place at
around 1-5-2 Pa. The early beginnings of k-car gelation
were investigated in the vicinity of the sol-gel transition
by time sweep experiments at temperatures of 25, 26
and 27°C. For temperatures of 26°C and 27°C, no
evidence of gel formation was found during the course
of the experiments which lasted for 22 h and 27 h,
respectively. But for 25°C, a different situation was
observed. Figure 2 shows the kinetics of gelation of
k-car at this temperature. This figure describes the
evolution of G’ and G" where G’ is seen to increase
steadily during the time considered (16 h), while G"’
attained a plateau value of the order of 2-2 Pa within
about 3 h. The results presented in Fig. 2 indicate that
T,. as obtained from Fig. 1, was determined without
ambiguity. Despite the fact that we did not apply the
same kind of approach to T, it seems reasonable to
assume that 7', would show identical behaviour as that
described for T,

It is to be noted that the above data were obtained
from measurements at a fixed frequency (1 Hz) while a
better understanding of the gelation process would
require the description of the entire mechanical
spectrum at any time. However, during a cooling-
heating cycle, it is difficult to obtain such spectra
because the formation or rupture of the gel network is a
progressive and continuous process. Figure 3 shows the
evolution of G' and G'' as a function of temperature for
k-car/LBG (galhosa) 4:1 at 1%. This mixed system
presented a T, = 26°C and a T, = 46°C. The thermal
hysteresis was thus greatly amplified in comparison to
that of k-car alone (Fig. 1). Figure 4 shows the
mechanical spectra that were exhibited by the x-car/
LBG (galhosa) blend at the temperatures of 28°C and
25°C.Itis clear that, at 28°C, the viscoelastic behaviour
is typical of a macromolecular solution with G' < G"' at
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Fig. 2. Kinetics of evolution of x-car at 1% polymer

concentration at the temperature of 25°C. Frequency: 1-0 Hz.
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Fig. 3. G' and G"' variation as a function of temperature for
4:1x-car/LBG (galhosa) at 1-0% total polymer concentration.
Frequency: 1 Hz. T,: gelation temperature; T,,: melting
temperature. (M) G',(#)G", cooling: () G'.(¢) G, heating.
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Fig. 4. Mechanical spectra of the 4:1 k-car/LBG (galhosa) at

1% total polymer concentration at the temperatures of 25°C

and 28°C. Frequency: 1 Hz. () G'. (¢)G".25°C. () G". ()
G'", 28°C.

low frequency and G’ > G"' above 3 Hz. Such behaviour
has been reported many times for galactomannan
solutions. It is thus likely that it is LBG which plays a
major role at this temperature. The behaviour displayed
at 25°C is strikingly different. Higher values of G’ and
G'' were obtained, particularly towards the low frequency
range. The fact that G’ > G"' throughout the frequency
range and that G' and G'' vary in a similar way as a
function of frequency (in logarithmic coordinates)
means that the system corresponds to the usual
definition of a weak gel (Clark & Ross-Murphy, 1987).
Moreover, the curves G'(w) and G"'(w) are almost
parallel and their slope is about 0-5. This value is in
close agreement with those found by Cuvelier ez al.
(1990) for iota-carrageenan and xanthan/LBG mixtures

at the gel point. The percolation theory predicts the
slope of G'(w) and G"(w) to be 0-7 at the gel point
(Axelos & Kolb, 1990). This result shows that we are in
close vicinity to the gel point. The gelation temperature,
as seen in Fig. 3, was taken as 26°C. It is thus clear that
the increase in the values of both moduli between 28°C
and 25°C is accompanied by a dramatic change in the
rheological characteristics of the system. It may also be
of interest to monitor the rheological changes that
occur just at the transition temperature. This is
illustrated in Fig. 5 where the G' and G"' evolution, at
26°C, of the same mixed system are plotted as a
function of time. A continuous increase in G’ is clearly
seen, meaning that the gelation process is slow under
these conditions. However, much higher values of G’
and G" are observed (Fig. 5) when compared to the
values obtained for k~car at 1%, for the temperature of
25°C (Fig. 2). This has to be related to x-car gelation
since T, of the 4:1 blend is almost coincident with that
of x-car alone. It is clearly seen that the addition of
LBG to k-car induces an important amplification of
the hysteresis region. This point will be discussed
further. Figure 6 presents the evolution of G’ and G'' as
a function of temperature, during the cooling-heating
cycle, for the k-car/Guar gum (GG) 4:1 blend at 1%. An
hysteresis is observed with T, = 10°C and T, = 25°C.
However, if we took the increase of the moduli, we
would find 7, = 23°C and T, = 38°C. In this case, it is
thus clear that the criterion to define the sol-gel
transition is critical. In order to investigate more
accurately the viscoelastic behaviour of the k-car/GG
mixture, in the vicinity of the gel point, dynamic
measurements were also performed. Figure 7 shows the
mechanical spectra exhibited by the k-car/GG 4:1
blend at the temperatures of 7°C and 16°C upon
cooling. At 16°C the mechanical spectrum remained
typical of a macromolecular solution. In contrast, at
7°C, the spectrum was typical of a weak gel with
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Fig. 5. Kinetics of evolution of the 4:1 x-car/LBG (galhosa) at
1% total polymer concentration at the temperature of 26°C.
Frequency: 1.0 Hz. B, G"; O, G".
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Fig. 7. Mechanical spectra of the 4:1 x-car/GG at 1% total
polymer concentration at the temperatures of 7°C and 16°C.
(MG, (¢)G".7°C: (DG (0)G". 16°C.

G’ > G". indicating that the system is already beyond
the gel point. Figure 8 displays the G’ and G'’ evolution,
at 10°C, as a function of time. The evolution observed
in this figure seems to indicate that this temperature is
close to the gel point. This is in good agreement with the
interception point of G' and G as described in Fig. 6.
In Fig. 8, the evolution of G" and G'' is much slower
than that observed for the x-car/LBG mixture (Fig. 4).
Figure 9 shows the variation of G' and G'’ as a function
of temperature for the x-car/Tara gum (TG) 4:1 blend,
at 1%. The x-car/TG mixture presentsa T', = 20°C and
aT, = 40°C as determined by the cross-over of G’ and
G''. As for GG, there was no coincidence between T,
and the temperature at which G’ increased. However,
this difference is much less pronounced. The T, value
of k-car/TG was considerably higher than the 7', value
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Fig. 8. Kinetics of evolution of the 4:1 x-car/GG at the 1%
total polymer concentration at the temperature of 10°C.
Frequency: 1.0Hz. M. G". 0. G".
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Fig. 9. G’ and G"' variation as a function of temperature for
the 4:1 k-car/TG at 1-0% total polymer concentration.
Frequency: 1 Hz. T,: gelation temperature: 7,: melting
temperature. (M) G'.(¢)G",cooling: ()G’ (¢) G’ heating.

of k-car alone at 1% (32°C). Thus, the k-car/TG mixture
exhibited thermal behaviour intermediate between
those of similar mixtures with GG and LBG, although
much closer to that with LBG.

Table 2 presents the data of the cooling-heating
cycles for all the systems investigated above. The data
obtained with HWS fraction are also shown. The
parameters related to the sol-gel transition of the
binary systems of k-car/galactomannan 4:1 at 1% are
compared with those of the k-car alone at concentrations
of 0-8% and 1%. It must be remembered that the x-car
content in the 4:1 blend is 0-8%. If we compare the
results of x-car alone at 0-8% with the x-car/galacto-
mannan blends, anincreasein 7,,T,, and AT is clearly
seen. If we now compare this with x-car at 1% we
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Table 2. Parameters related to the sol-gel transition on binary
systems of x-carrageenan/galactomannan

Galactomannan M/G T, T, AT G’ at 5°C
& O (Tn-Ty (Pa)

Guar 168 10 25 15 20
Tara 310 20 40 20 111
Canela 346 25 45 20 250
Galhosa 404 26 46 20 475
Indal 404 26 46 20 480
HWS Indal 480 26 46 20 710
x-car 0-8% —_ 5 16 11 6
x-car 1-0% — 24 32 8 54

observe some interesting features. The gelation
temperatures of the mixtures with LBG and HWS are
very close to the T', of k-car alone. However, T, values of
k-car/GG and x-car/TG blends are lower. With the
exception of GG, all the other galactomannan mixtures
(TG, LBG and HWS) show significantly higher values
of T, than x-car at 1%. The thermal hysteresis
(AT =T, — T,) was higher for all the k-car/galacto-
mannan mixtures than for the k-car alone. It is note-
worthy that AT was constant with the exception of GG.
On the other hand, values of G' and G'’ at 5°C evidenced
strong synergistic effects, with the exception of GG. In
this latter case, the value lies between those of 0-8% and
1% x-~car alone. It is also clear that the higher the M/G
ratio, the higher the storage modulus. However, we
previously showed that the molecular weight of
galactomannan plays an additional role (Fernandes
et al.,1991b). The large differences found between LBG
samples, from 250 Pa for Canela to 480 Pa for Indal, is
further explained by a difference in molecular weight
(Table 1).

Figure 10 shows the T, and T, of the k-car at a
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Fig. 10. Effect of the addition of different amounts of guar

and carob gums to a 0-75% x-car gel. (¢) T, (¢) T,,. LBG

mixture; (X) Ty, (+) Ty, GG mixture. The gelation and

melting temperatures of the x-car alone at 0-75%, are arrowed
in the ordinate axis.

constant concentration of 0-75%, the galactomannan
(GG or LBG) being added at concentrations progress-
ively increasing from 0% to 1-:2%. The x-car alone at
0-75% presented a T, =5°C and a T, = 15°C (see
arrows). With the x-car/LBG mixture, the T, and T,
values increased rapidly and steady values of 24-25°C
and 44° C were attained, respectively. This plateau was
reached ata 0-15% galactomannan content (k-car:LBG
= 0-75:0-15). In the case of xk-car/GG blend, T,and T,
increased more slowly and steady values of 20°C and
30°C were attained at a GG content of about 0-50
(k-car:GG = 0-75:0-50). It can be noted that the 4:1
ratio of the k-car/galactomannan mixtures investigated
above corresponds to a 0-75:0-19 ratio as shown by the
vertical dashed line. In that case, we have a T, = 44°C
and T,=22-23°C for LBG, and T, = 14°C and
T, = 9°C for GG. These values are slightly lower than
those in Table 2 since the total polymer concentration
was lower (0-94% against 1%). The variations in T, and
T, were much less important for the k-car/GG than for
the k-car/LBG mixture.

DISCUSSION

The data obtained for k-car alone can be discussed by
reference to the phase diagram of Rochas & Rinaudo
(1980, 1984). It should be remembered that in the
present work no KCl was added, the only K* ions
present being those introduced by the salt form of the
k-car. On this basis, the free potassium concentration,
Cy,can be estimated from (Rochas & Rinaudo, 1980):

Ci=7Cp

with Cp the polymer potassium concentration and 7 the
mean activity coefficient. In the present case, C; was
found to be about 10-4 X 107* eq/litre for 1% x-car and
8:3 X 1072 eg/litre for 0-8%. These values are just above
the critical concentration, C¥, which was found to be
7 X 1072 eq/litre (Rochas & Rinaudo, 1980, 1984). This
explains why a limited thermal hysteresis is seen
(AT = 10°C). The fact that AT for 0-8% is of the same
order as for 1% may be explained by the fact that we are
in the vicinity of C¥.

Dynamic rheological measurements have been used
to investigate the gelation of k-car (Rochas & Rinaudo,
1984; Plaschina et al., 1986). Rochas & Rinaudo (1984)
described a good correlation between the transition
temperature obtained by polarimetry and the evolution
of G' as a function of temperature. On the other hand,
Plaschina et al. (1986) showed a coincidence between
T, (obtained by a rheological method) and the
transition temperature determined by polarimetry. On
a similar basis, by using viscosimetric and viscoelastic
experiments we established a phase diagram (Fernandes
etal., 1991a) which is very close to that described by
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Rochas & Rinaudo (1980, 1984). Upon cooling, the
x-car macromolecules undergo a coil-helix transition
as seen by polarimetry. This transition is instantaneous
and results in gel formation. The gelation temperature
probably coincides with this coil-helix transition. This
process is followed by an aggregation of helical dimers
of k-car molecules. This may result in a precipitation
and a phase separation (Day er al., 1988). This second
process is time dependent and quite slow in the vicinity
of the transition temperature (Rochas & Landry, 1987).
The thermal hysteresis in k-car systems is classically
ascribed to aggregation phenomena. If the aggregation
is quantitatively important, the melting of the gel is
retarded because the aggregates (established between
the carrageenan molecules) must be broken down
before the helix-coil transition (7,,) takes place
(Morris et al., 1980: Rochas & Rinaudo, 1984). In order
to interpret the present data, it would be useful to know
the mechanisms that take place in the gelation of k-car/
galactomannan systems. A former description by Dea
& Morrison (1975) assumed that intermolecular binding
occurs between the k-car double helices and ‘smooth’
regions of galactomannan chains. This model has been
classically accepted and many authors have interpreted
their own data on this basis. However, more recently.
based on X-ray diffraction of films, Cairns er al. (1987.
1991) did not find any experimental evidence for the
intermolecular binding between polysaccharides. They
suggested another mechanism where a basic x-car
network would contain galactomannan molecules in
solution. The participation of the galactomannan in gel
formation was thus ruled out. However, our results
show that, whatever the galactomannan, there is a
stabilization of the x-car helix and this effect is similar
to that described by Tolstoguzov & Braudo (1983) for
the stabilization of the gelatin helix by dextran. For
higher values of M/G. as in the case of LBG and HWS.
the participation of the galactomannan in a network
may be considered. This assumption is supported by
the high values of G', which seem too high tobe dueto a
simple concentration effect. Moreover. Rochas et al.
(1991) showed, on the basis of NMR data on LBG, that
mannan-mannan interactions could take place in
mixed systems, This may imply that two networks are
formed which can be interpenetrated. The model
proposed by Cairns er al. (1987) thus provides a good
basis for the interpretation of our results, whatever the
type of galactomannan.

The addition of GG to a k-car is expected not to
modify its thermal hysteresis. The first result would be
a dilution effect since there is a lowering of the x-car
concentration down to 0-8% in the 4:1 mixed systems at
1% total polymer concentration. In fact, as seen in
Table 2, T,, T, and G’ of the mixture correspond to
intermediate behaviour between k-car concentrations
of 0-8% and 1%. This means that GG plays a role in the
gelation of the system. This role is more spectacular

when looking at Fig. 10. If both polymers did not affect
each other, T, and T, should not vary upon adding the
galactomannan. We suggest that this stabilizing effect
of GG is originated by an increase in the actual
concentration of x-car due to volume exclusion, this
resulting in a higher actual concentration in a x-car-
enriched phase. This interpretation is consistent with
the model proposed by Cairns et al. (1987). The same
approach can be applied to k-car/LBG and x-car/TG
mixtures. For TG, the value of G’ in Table 2 evidences
clearly a synergistic effect in the mixture. The value of
T, (20°C) is slightly lower than that of k-car at 1%
(24°C), suggesting that the actual k-car concentration is
just below 1%. On the other hand, T, (40°C) is higher
than that with x-car alone at 1% (32°C) meaning that
the helical dimers of x-car are more aggregated.
Moreover, TG chains are known to bear ‘smooth’
galactose-free regions (McCleary & Neukom, 1982)
that make their aggregation possible. So. since the effect
of TG is also significant in rheological terms, the
formation of a secondary galactomannan network can
be expected. These trends are still more accentuated
with LBG samples and HWS. T, levels have a value
very close to that of k-car at 1% and may indicate that
the actual k-car concentration is 1%. Also, T, (46°C) is
much higher than that with «-car alone at 1%. The
aggregation of helical dimers thus seems more important.
Here also, the galactomannan chains would be involved
in a secondary network obtained through mannan-
mannan interactions. Here also, the galactomannan
chains would be involved in a secondary network
obtained through mannan-mannan interactions. The
observed values at T, and T, should correspond to the
gelation and melting temperatures of the k-car network.
If we assume that the galactomannan network is
diffuse, its 7, and T, values should lie somewhere near
those for k-car and could not be detected by our rheo-
logical measurements. This kind of effect was recently
reported by Williams er al. (1992) in mixtures of k-car
and konjac mannan where rheological and calorimetric
results were compared. It appears that all the present
results are consistent with the model of Cairns ez al.
(1987) although a more important role must be assigned
to the galactomannan macromolecules when the M/G
ratio is high.

CONCLUSION

Itis clearly demonstrated that the thermal behaviour of
k-car/galactomannan mixed systems is influenced by
the galactomannan whatever its type. This means that
galactomannans interfere in the mechanism of gelation.
The hypothesis of volume exclusion provides a
convenient means of interpreting most of the present
data. The main difference between the galactomannans
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is related to the M/ G ratio; this determines their trend to
form aggregates and, eventually, leads to new gel
properties by the formation of a secondary network
which interpenetrates the primary one formed by the
k-car. However, the present data were obtained from
rheological measurements which give information
only at a macroscopic level. Indeed, this interpretation
has to be confirmed by using other methods to describe
the phenomena at the molecular level.
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