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Abstract

Surface tension measurements were used to characterise the binding of the cationic surfactant hexadecyltrimethylammonium bromide,
CTAB, to three starch polysaccharides, amylose from potato, amylopectin from potato and amylopectin from barley. Surface tension
measurements were used according to the axisymmetric drop shape analysis, ADSA, to determine the concentration of free CTAB monomers
during consecutive addition of CTAB to the polysaccharide solutions. The interaction between the starch polysaccharides and CTAB was
studied at three starch concentrations, 0.1, 0.25 and 0.5% (w/w). Binding isotherms were derived from the concentration of free CTAB and
the type of binding was determined with Scatchard plots. The binding capacities of CTAB correlated linearly with the polysaccharide
concentration but were independent of the type of starch polysaccharide. All three starch polysaccharides were able to bind 33 mmol CTAB
per mole glucose units. The binding of CTAB to amylose was cooperative while the binding of CTAB to amylopectin was of Langmuir type.

© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The effect of adding lipids or surfactants to starch has
been extensively studied in recent years. Lipids and surfac-
tants have been shown to change the properties of ageing
both in model systems (Eliasson & Ljunger, 1988) as well as
in food applications (Rogers, Zeleznak, Lai & Hoseny,
1988; Zobel, 1988). Addition of lipids or surfactants to
starch decreases the rate of retrogradation of both amylose
and amylopectin (Silverio, Svensson, Eliasson & Olofsson,
1996). This decrease is connected to the rate of ageing in
starch based food products. While the retrogradation of
amylose is rapid, taking only a couple of hours (Miles,
Morris & Ring, 1985; Silverio et al., 1996), the retrograda-
tion of amylopectin is a long-term process that is not
complete until after several weeks (Schoch & French,
1947).

The interaction between amylose and ligands, such as
iodine, lipids or surfactants, involves inclusion complex
formation. The complex formation between amylose and
iodine has been studied with spectroscopy (Cronan &
Schneider, 1969) and amperometric titration (Yamamoto,

* Corresponding author. Fax: +46-46-222-95-17.
E-mail address: henrik lundqvist@livsteki.lth.se (H. Lundqvist).

Sano & Yasunaga, 1982). The interaction of amylose with
sodium dodecyl sulphate, SDS, (Yamamoto, Sano, Harada
& Yasunaga, 1983) and sodium myristate (Bulpin, Cutler &
Lips, 1987) were investigated with potentiometric titration
and surface tension measurements, respectively. The struc-
ture of the inclusion complex between amylose and polar
lipids or iodine has been determined and characterised by a
number of methods including differential scanning calori-
metry (Kugimiya, Donovan & Wong, 1980) and wide angle
X-ray scattering (Zobel, 1988). In the complex the polysac-
charide winds three times around the hydrophobic part of
the polar lipid with six to seven glucose units in each turn
(French & Murphy, 1977; Zobel, French & Hinkle, 1967).
However, an inclusion complex between amylopectin and
lipids has not been unambiguously characterised.

Surface tension measurements have earlier been used to
study the interaction between surfactants and polymers.
Jones (1967) studied the interaction between SDS and poly-
ethylene oxide, PEO, and Svensson, Gudmunsson and Elias-
son (1996) the interaction between SDS and amylose and
amylopectin from potato. From the surface tension measure-
ments the saturation concentrations, C,, were determined
and the total amount of surfactant bound to the polymer
was calculated.

It has been possible to determine the characteristics of
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Fig. 1. Dynamic surface tension traces of CTAB solutions at 27°C: (#) pure water, (H) 96.4 pM, (@) 0.143 mM, (A) 0.207 mM, (X) 0.295 mM, (+)
0.422 mM, (<) 0.611 mM, (OJ) 0.891 mM, (O) 1.288 mM, (A) 2.754 mM and (—) 7.244 mM.

ligands binding to starch polysaccharides. Yamamoto et al.
(1983) studied the binding of iodine and SDS to amylose of
different lengths (DP 32-1100) and analysed the experimen-
tal data with binding models based on protein binding to
DNA (McGhee & Hippel, 1974). Long amylose chains
(DP >76) have a co-operative binding while shorter
amylose chains have a Langmuir type of binding. However,
no study has previously been carried out on the formation of
amylopectin—surfactant complexes, as pure amylopectin
samples have not been available until recent years, when
breeding and genetic engineering have produced granular
pure amylopectin (Jacobsen, Krijgheld, Hovenkamp-
Hermelink, Ponstein, Witholt & Feenstra, 1990).

It has been clearly demonstrated that ligands such as
hexadecyltrimethylammonium bromide, CTAB, influences
the ageing properties of starch in a fashion similar as polar
lipids (Eliasson, 1988). In the present study CTAB was used
as a model substance for a polar lipid. The interaction with
CTAB was compared for three starch samples: amylose
from potato, amylose, amylopectin from potato, PAP, and
amylopectin from barley, BAP. The interaction between
CTAB and the starch polysaccharides was studied using
consecutive additions of CTAB solution to a polysaccharide
solution and measuring the surface tension at each concen-
tration. The interactions were analysed with binding models
in order to study the mechanism of interaction.

2. Materials and methods
2.1. Starch polysaccharides
The starch polysaccharides used in this study were

amylopectin from potato, PAP, Lyckeby Stirkelsen Kris-
tianstad, Sweden, ref. no. 3292, amylopectin from barley,

BAP, from the University of Saskatchewan, Canada (Bhatty
& Rossnagel, 1997), Canada, ref. no. 999 and amylose from
potato type III, amylose, Sigma, St. Louis, USA, lot. no.
91H3841. Polar lipids present in amylopectin from barley
were removed by extraction with n-propanol/water accord-
ing to Morrison and Coventry (1985). Amylopectin and
amylose from potato are naturally free from lipids and
were used as received.

The starch polysaccharide solutions were prepared by
heating the starch/water mixture at 140°C for 20 min in an
oil bath. Three polysaccharide concentrations were studied,
0.1, 0.25 and 0.5% (w/w). The solutions were cooled to
room temperature and weighed into the sample cell. The
dry mass of the polysaccharide solution was determined
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Fig. 2. Equilibrium surface tension of CTAB solutions at 27°C. Created
from Fig. 1. Abscissa, log C; (where C; is the total CTAB concentration in
units of mol dmﬂ); ordinate, surface tension in units of J/m>.
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Fig. 3. Equilibrium surface tension of CTAB-starch polysaccharide solutions at 27°C: (<) 0.5% (w/w), (OJ) 0.25% (w/w), (A) 0.1% (w/w) and ( X ) water. (A)

amylose, (B) amylopectin from potato and (C) amylopectin from barley. Abscissa, log C; (where C; is the total CTAB concentration in units of mol dm ~);
ordinate, surface tension in units of J/m>.
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Table 1
Saturation concentration and binding capacity for the binding of CTAB to
starch polysaccharides at 27°C

Polymer concentration (%)  C, (mmol dm ) Binding
capacity
(mmol
CTAB/
mol GU)
Amylose  0.50 1.82 = 0.01 34
0.25 1.43 £0.03 36
0.10 1.13 £0.05 36
PAP 0.50 1.80 £ 0.01 35
0.25 1.43 £0.03 36
0.10 1.12 £0.05 31
BAP 0.50 1.79 £0.01 29
0.25 1.38 £ 0.03 34
0.10 1.07 £0.05 27

by drying a part of the solution at 130°C for two hours in a
heating cabinet. All glassware used in the experiments were
washed in a 1:1 mixture of sulphuric acid (95-97% pro
analysis, Merck, Darmstadt, Germany) and nitric acid
(fuming 100%, pro analysis, Merck, Darmstadt, Germany)
and rinsed in mQ-water before use.

2.2. Surfactant

The cationic surfactant used, hexadecyltrimethylammo-
nium bromide, CTAB, from Sigma, St. Louis USA H-5882
Lot. 68F-0283, was purified by recrystallisation eight times
in mQ-water (Arnebrant, Biackstrom, Jonsson & Nylander,
1989).

2.3. Surface tension measurements

Since the surface tension is a measure of the amount of
monomer surfactant in solution, the more the monomer
CTAB in the solution, the more the surface tension will
decrease before micelles of CTAB start to form. Thus, the
concentration of monomer CTAB in the starch polysacchar-
ide—CTAB solutions was assumed to be the same as in
water with the same surface tension as the polysacchar-
ide—CTAB solution. The amount of CTAB bound to the
polysaccharide was then calculated as the difference
between the total amount of CTAB added and the amount
of free CTAB.

The surfactant was added as a micellar solution to the
polysaccharide solution in the sample cell in consecutive
additions. The total surfactant concentration in the sample
cell was calculated, taking into account the increase in the
volume of the sample. A syringe with a u-shaped needle was
lowered into the sample cell and an air bubble was produced
from the syringe. The dynamic surface tension was
measured by filming the rising bubble and analysing the
contour of the bubble according to axisymmetric drop
shape analysis, ADSA, (Rotenberg, Boruvka & Neumann,
1983) with the Tracker instrument, IT Concept, Longessan,

France. The experiments were preformed at 27°C, which
was above the Kraft temperature of CTAB, with tempera-
ture control of the sample solution and the syringe. The
sample cell and syringe were cleaned with a 10% decon
90 solution, Decon laboratories 1td., Hove UK.

The surface tension was determined for the pure poly-
saccharide solution and after each addition of surfactant.
The dynamic surface tension was monitored for one hour
in each measurement, the surface tension was determined as
the value when the dynamic surface tension reached a stable
level as can be seen in Fig. 1. Each measurement was
performed in duplicates.

The surfactant concentration where micelles start to form,
1.e. the critical micelle concentration, cmc, or in the case of
polymer solutions, the saturation concentration, C,, was
determined by plotting the surface tension against the total
concentration of CTAB. Both occur at the concentration
where there is a breakpoint in the surface tension at
37 mJ/m* (Fig. 2). The cmc was determined to be
0.93 mM at 27°C, see Fig. 2. This value agrees well with
the literature value of 0.8—1.0 mM at 25°C (Paredes, Tribout
& Sepulveda, 1984; Sepulveda & Cortés, 1985; Wang &
Olofsson, 1995). This method is possible because the break-
point indicates the formation of micelles. At C, in a
polymer—surfactant solution, micelles start to form because
the free energy of the surfactant in micelles is less than in
the surfactant polymer aggregates or as free monomer in
solution. In some polymer—surfactant systems, for example
PEO-SDS (Jones, 1967), two breakpoints can be seen, one at
high surface tensions, which represents the critical associa-
tion concentration (cac), and the other the breakpoint at low
surface tension due to micelle formation.

2.4. Data analysis

Scatchard plots and binding isotherms were used to eval-
uate the interaction between starch polysaccharides and
CTAB in order to give a better understanding of the
mechanism of binding. The Scatchard plot is based on Lang-
muir type of binding, which involves binding of ligands to n
equivalent binding sites on the polysaccharide that is not
influenced by the fraction bound ligand.

The reaction occurring is:

BS + CTAB(mon) — CTAB(bound) (1

where BS is the binding site on the polysaccharide and
CTAB(mon) and CTAB(bound) denote monomer CTAB
and bound CTAB, respectively. The Scatchard equation,
assuming a Langmuir type of reaction, is given by Eq. (2)
where v is the number of CTAB molecules bound to the
starch polysaccharide (mmole CTAB/mole glucose units), n
is the number of binding sites, K is the binding constant and
Cruon the monomer CTAB concentration.

nKCyon

_ . 2
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Fig. 4. Saturation concentration, C,, for the binding of CTAB to starch polysaccharides, determined by surface tension measurements at 27°C, as a function of
polysaccharide concentration: (O) amylose, (A) amylopectin from potato and (<) amylopectin from barley.

or can be rewritten as

i =K — v) 3)

A plot of V/Cp, vs. v will give a straight line when a
Langmuir type of binding occurs, where —K is the slope and
n is the intercept of the abscissa. If the conditions postulated
by Langmuir, that each binding site has the same binding
heat and the binding of one ligand does not influence the
binding of the second ligand, are not fulfilled the binding is
not of Langmuir type. This will give a curve instead of a
straight line when v/C,,, is plotted vs. v as K will be a
function of v.

75

3. Results and discussion

Binding isotherms were derived from the surface tension
data in the form of plots of » as a function of the free CTAB
concentration. The shape of the binding isotherm gives
information about the binding of CTAB to the starch poly-
saccharides.

Fig. 3 shows the surface tension as a function of total
concentration of CTAB (C;) at three polysaccharide concen-
trations, 0.1, 0.25, 0.5% (w/w), of amylose, PAP and BAP
solutions. The surface tension for amylose, PAP and BAP
without any added CTAB was 71.3 mJ/m? at 27°C. It was
thus the same as for pure water since the starch polysacchar-
ides used were not surface active. As the total CTAB
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Fig. 5. Equilibrium surface tension of CTAB-0.25% (w/w) polysaccharide solutions at 27°C: (O) amylose, (A) amylopectin from potato, (<) amylopectin
from barley. Abscissa, log C; (where C; is the total CTAB concentration in units of mol dm ~); ordinate, surface tension in units of J/m>.
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concentration increased in the polysaccharide solution, the
surface tension did not decrease as much as in water. The
surface tension at the saturation concentration, C,, was the
same as of the cmc in water, 37 mJ/m?. The higher the
polysaccharide concentration, the more the CTAB had to
be added in order to reach C,. In the case of BAP only
two polysaccharide concentrations were examined, 0.1
and 0.25% (w/w). The 0.5% (w/w) BAP solution was a
hazy solution that scattered light, which made it difficult
to focus the video camera on the air bubble in the sample
cell. The saturation concentration for the 0.5% (w/w) BAP
concentration was however possible to determine since the
haziness decreased when CTAB was added.

A critical association concentration, cac, could not be
detected in the concentration range studied for any of the
starch polysaccharides. The cac was thus below 0.10 mM
for all three polysaccharides used.

The C, for the starch samples were determined from the
plots in Fig. 3 as the total concentration of CTAB at the
breakpoint in the surface tension plots. Values of C, for the
starch polysaccharides can be found in Table 1. C, was
dependent on the polysaccharide concentration; however,
it was not dependent on the type of starch polysaccharide.
When plotting C, as a function of polysaccharide concen-
tration, as in Fig. 4, a linear relationship between C, and
polysaccharide concentration was evident. From the slope
of C, vs. polysaccharide concentration in Fig. 4, it was
possible to calculate the number of CTAB molecules able
to bind to the polysaccharides. The maximum binding was
the same for the three starch polysaccharides, 30 mmol
CTAB per mole glucose units, which agrees with the values
in Table 1.

The saturation concentration and the number of bound
CTAB molecules show similar behaviour for the different
polysaccharides despite the difference in the structure of the
polysaccharides. Such behaviour has not been reported
previously. The number of monoglycerides able to bind to
amylose and amylopectin have previously been determined
by Lagendijk and Pennings (1970) and Hahn and Hood
(1987). Svensson et al., 1996 examined the binding of
SDS to starch. The result in common of those studies was
that amylose was able to bind 7—8 times more lipids than
amylopectin, which does not agree with this study. One
factor contributing to the difference in the results may be
the positive electrostatic interaction between the cationic
head group of CTAB and the phosphate groups of the
amylopectin from potato. However, amylopectin from
barley, which contains no phosphate groups, binds as
much as amylopectin and amylose from potato.

The shape of the surface tension plots, a measure of the
binding of CTAB, indicates that the binding process differs

between amylose and amylopectin and also to some degree
between the two amylopectin samples. The differences were
seen especially at low CTAB concentrations. In the case of
amylose, Fig. 3a, the surface tension hardly decreased as the
CTAB concentration increased until a certain CTAB
concentration was reached after which the surface tension
decreased rapidly. This behaviour of the surface tension was
the same for all amylose concentrations. In the case of PAP
and BAP, Fig. 3b and c, the surface tension decreased
gradually over a concentration range. The difference
between the polysaccharide concentrations was the point
where the surface tension started to decrease.

The differences in surface tension between the starch
polysaccharides are better seen in Fig. 5, where the surface
tension as a function of CTAB concentration is compared
for 0.25% (w/w) solutions. The difference in surface tension
suggests that the fraction of CTAB bound to the starch
polysaccharide in each addition varies for the different poly-
saccharides. The fraction of the total added surfactant that is
bound to the polysaccharide, «;,, was calculated according
to Eq. (4) where ny,,, is the amount of monomer CTAB in
solution and n,, is the total amount of CTAB.

g = 1L men @)
Mot

The uncertainty of «;, at low CTAB concentrations is
rather high since the change in surface tension is low,
which gives an uncertainty in the determination of n,y,. In
Fig. 6, o, is plotted as a function of the total concentration
of CTAB. Amylose had an initial «;, of 0.7, which
increased to a maximum of 0.9, after which it decreased.
Amylopectin from potato had an initial a;, value of 0.7—
0.8, which for the 0.5% (w/w) PAP sample increased in the
beginning to 0.9, after which it decreased. The 0.25 and
0.1% (w/w) samples had no maxima; they decreased with
the CTAB concentration. In the case of amylopectin from
barley the «a;, values were lower than those for the amylose
and PAP sample. The 0.1% (w/w) BAP sample had a linear
decrease of «a;, with the total CTAB concentration above
2 mM. The 0.25% (w/w) BAP sample had a linear decrease
in a;, with CTAB concentration.

Binding isotherms shown in Fig. 7 were derived from the
results of surface tension measurements by plotting the
amount of CTAB bound to the starch polysaccharide, v,
vs. the logarithmic monomer concentration of CTAB. The
shape of the binding isotherm for amylose was sigmoidal,
which is the typical shape for a cooperative binding. The
amount CTAB bound to amylose increased rapidly at low
monomer concentrations, after which it levelled out at about
33 mmol CTAB/mole glucose units, see Fig. 7a. The bind-
ing of CTAB to amylopectin from potato can be seen to start

Fig. 6. Fraction («a;,) of the total added CTAB that will bind to starch polysaccharides at 27°C as a function of total CTAB concentration, C;, determined by
surface tension measurements: (<) 0.5% (w/w), (OJ) 0.25% (w/w) and (A) 0.1% (w/w). (A) amylose, (B) amylopectin from potato and (C) amylopectin from
barley. Precipitate was detected in the concentration interval marked with dotted lines.
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Fig. 8. Theoretical binding isotherm for CTAB binding to potato starch (75% amylopectin and 25% amylose) constructed from the individual binding
isotherms for CTAB binding to amylose and amylopectin: (<) Starch, (A) contribution from amylopectin and (CJ) contribution from amylose. Abscissa,
log Ciyon (Where C, is the monomer CTAB concentration in units of mol dm™); ordinate, v (amount of CTAB bound to the polysaccharide in units of mmol

CTAB/mole glucose units).

at low monomer CTAB concentrations, see Fig. 7b. After
the initial binding it increased almost linearly. Fig. 7c shows
the isotherms for CTAB binding to amylopectin from
barley. They look similar to the binding isotherms of PAP
except that it lacked binding at low monomer concentra-
tions. The different concentrations of polysaccharide solu-
tions overlap, which means that the interaction between
CTAB and the different starches were independent of the
polysaccharide concentration. The phosphate groups on the
PAP did not influence the total amount of CTAB bound to
PAP but they probably caused the binding of CTAB mole-
cules already at low monomer concentrations.

From the individual binding isotherms for amylose and
amylopectin, it is possible to calculate a theoretical binding
isotherm for starch from potato, consisting of 75% amylo-
pectin and 25% amylose (see Fig. 8). From the theoretical
binding isotherm it is possible to predict what happens when
adding CTAB to potato starch. The first CTAB added will
bind to the amylopectin due to electrostatic interaction.
After that CTAB will bind to amylose until the amylose is
saturated. When amylose is saturated, CTAB will continue
to bind to amylopectin until CTAB micelles start to form in
the sample. When adding other nonionic substances known
to form inclusion complexes with amylose and amylopectin,
e.g. polar lipids, the added polar lipid will first bind and
saturate the amylose polysaccharides and thereafter start
to bind to the amylopectin polysaccharides. Rutschmann
and Solms (1990) examined the binding of a number of

ligands to starch from potato. From the experimental data
of Rutschmann and Solms (1990) it is possible to see the
different regions, which also can be seen in Fig. 8, where the
ligand was bound to amylose and amylopectin, respectively.
The slope of the last part of the binding isotherm, which is
due to binding to amylopectin, depends on the number of
ligands that are able to bind to amylopectin.

Scatchard plots, v/Cy,,, plotted vs. v, were used to char-
acterise the interaction between CTAB and starch polysac-
charides, see Fig. 9. The interaction enthalpy, AH,, in Fig.
10, which has been determined by Lundqvist, Eliasson and
Olofsson, in press, shows that the first condition postulated
by Langmuir, that the binding enthalpy is constant, is
fulfilled at least for a part of the binding. With the Scatchard
plot, it was possible to confirm that the binding of CTAB to
amylose was a cooperative binding process. The Scatchard
plot for PAP (Fig. 9b) shows that the binding of CTAB was
of Langmuir type for the binding of 9-33 mmol CTAB per
mole glucose units. The first bound CTAB deviated from the
Langmuir shape, which was probably due to the electro-
static interaction between the cationic head group and the
phosphate groups on the PAP chain. The shape of the
Scatchard plot for binding CTAB to BAP show that this
binding could be of Langmuir type.

The electrostatic interaction between the phosphate
groups on amylopectin from potato and the cationic head
group of CTAB results in a precipitate of PAP at charge
neutrality. This influences the shape of the binding isotherm

Fig. 7. Binding isotherms determined from surface tension measurements of the binding of CTAB to starch polysaccharide solutions at 27°C: (<) 0.5% (w/w),
() 0.25% (w/w) and (A) 0.1% (w/w). (A) amylose, (B) amylopectin from potato and (C) amylopectin from barley. Precipitate was detected in the
concentration interval marked with dotted lines. Abscissa, log Cpon (Where Co, is the monomer CTAB concentration in units of mol/dm®); ordinate, v
(amount of CTAB bound to the polysaccharide in units of mmol CTAB/mole glucose units).
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Fig. 10. Binding heat (AH,), determined by isothermal titration calorimetry (Lundqvist et al., to be published) and surface tension measurements at 27°C, for
the binding of CTAB to starch polysaccharides as a function of number of bound CTAB per glucose unit (v): (A) amylose, (<) amylopectin from potato, ((J)

amylopectin from barley.

and the Scatchard plot of PAP. The precipitation could
visually be seen in the concentration range 0.1-0.2 mM of
total CTAB it dissolved when the CTAB concentration
increased. In the binding isotherm of Fig. 7 there was a
plateau at v = 8 in the concentration region where there
was a precipitation, when the precipitate was dissolved the
binding continued and v increased. The overall shape of the
Scatchard plot of PAP was linear except where precipitation
occurred, which is the typical shape of a Langmuir type of
binding. The reason the precipitation could only be seen for
the amylopectin from potato sample is probably that it
contains about 1 phosphate group per 100-200 glucose
units (Muhrbeck & Tellier, 1991), while amylose and
amylopectin from barley can be considered to be non-
ionic polysaccharides.

The binding characteristics, Ko, Kc and n, were deter-
mined by fitting the experimental data from CTAB binding
to amylose in Fig. 9a according to McGhee and Hippel
(1974) with non-linear regression. The calculated constants
can be found in Table 2. The shape of the Scatchard plot and
the calculated constants of the binding of CTAB to amylose
agree well with earlier studies of iodine binding to amylose
(Yamamoto et al., 1982) and SDS binding to amylose
(Yamamoto et al., 1983). The interaction between amylose
and CTAB seems to be of the same type as the interaction
between amylose-iodine, which is the formation of an inclu-
sion complex.

The binding of CTAB to amylopectin from potato could

be divided into two regions: first a binding for the first
8 mmol CTAB per mole GU, which resulted in a precipita-
tion due charge neutrality and then a second binding region
after the precipitate had dissolved. The binding constant for
binding CTAB to amylopectin was obtained from fitting the
linear part v = 9-33 with Eq. (3), since this is the only part
of the plot that fulfils the postulate by Langmuir (i.e. the
constant binding enthalpy). The binding constant for the
binding of CTAB to 0.5% (w/w) solutions of amylose and
amylopectin can be found in Table 2.

The influence of the chain length of amylose on the type
of interaction between amylose and SDS was studied by
Yamamoto et al. (1983) who showed that amylose chains
shorter than 76 glucose units bound SDS with a Langmuir
type of binding. Since amylopectin have branches shorter
than 76 glucose units this makes it natural that the binding of
surfactants to amylopectin ought to be of Langmuir type.
The binding seems to be similar to the formation of inclu-
sion complex between short amylose chains and iodine.
Amylopectin can be regarded as a collection of independent
short amylose chains. The reason that the binding takes
place over a broad CTAB concentration interval can be
due to that amylopectin consists of a spectrum of chain
lengths, and the first CTAB molecules bind to the longest
branches. Binding to shorter branches might only take place
at higher free CTAB concentrations. BAP have shorter
chains than PAP and the binding of CTAB to BAP took
place at higher monomer CTAB concentrations than PAP.

Fig. 9. Scatchard plot for the binding of CTAB to starch polysaccharides at 27°C: (<) 0.5% (w/w), (O) 0.25% (w/w) and (A) 0.1% (w/w). (A) amylose, (B)
amylopectin from potato and (C) amylopectin from barley. Precipitate was detected in the concentration interval marked with dotted lines. Abscissa, v (where
v is the amount of CTAB bound to the polysaccharide in units of mmol CTAB/mole glucose units); ordinate, ¥/C,,,, (Where C,, is the monomer CTAB

concentration in units of mol dm ).
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Table 2
Binding constants for the binding of ligands to starch polysaccharides

Temperature (°C)

Cooperative binding

Langmuir binding

Ko Kc KL
Amylose—CTAB 27 1000 = 300 18+5 -
Amylose—iodine® 30 14000 = 2000 85+ 10 -
Amylose—SDS" 30 2000 *+ 700 2+2 -
PAP-CTAB 27 2700 £ 200
BAP-CTAB 27 900 *+ 250
Short chain 30 1700 = 300
amylose (DP
32)-SDS"

? Yamamoto et al., 1982.
® Yamamoto et al., 1983.

According to Yamamoto et al. (1983) the cooperative
effect, when a ligand was bound to amylose, was due to
interaction of the outer part of the alkyl chain of SDS
bound to the interrupted helix of amylose. However, the
hydrophobic interaction alone, due to dehydration of the
alkyl chain accompanying aggregation, cannot give rise to
such large interaction enthalpies as found in Fig. 9. The
hydrophobic interaction give rise to an enthalpy of interac-
tion of less than the micelle formation enthalpy, which
equals —9.5 kJ/mole CTAB (Lundqvist et al., in press),
whereas the AH, for amylose—CTAB interaction equals
—60 kJ/mol CTAB. Starch polysaccharides solutions are
known to be unstable and the configuration in solution is
not fully understood. Amylose in a diluted water solution is
believed to have a random coil configuration with some
parts of helix structure locally (Nakata, Kitamura, Takeo
& Norisuye, 1994). One contribution to the high AH; can
be configuration changes of the amylose chain from random
coil to helix. A change of the polysaccharide from random
coil to helix might also explain the cooperative effect. The
binding of the first CTAB to amylose will induce the config-
uration change of amylose that will simplify the successive
formation of complexes on the amylose chain which might
be the reason for the cooperative effect. In the case of
amylopectin—-CTAB each branch can only form one inclu-
sion complex and a cooperative effect is then not possible
since no more complexes can be formed on that branch.

The cooperative binding of CTAB to amylose means that
the formation of the individual complexes is coupled to each
other. The dissociation of the inclusion complexes is then
also coupled to each other. This can be seen in a differential
scanning calorimetry (DSC) thermogram as a process taking
place in a narrow temperature region. The binding of CTAB
to amylopectin, on the other hand, is of Langmuir type and
takes place over a wide concentration region which means
that the formation/dissociation of the individual amylopec-
tin—CTAB complexes are not coupled to each other. This
will probably give process taking place over a wide
temperature range in a DSC thermogram and explains
why no peak from the dissociation of amylopectin—ligand

complex can be seen in a DSC thermogram. The peak will
be so broad that it will be lost in the background noise.

4. Conclusions

To our knowledge this is the first study of the binding of
CTAB to amylopectin. The binding of CTAB to amylose
was cooperative, the interaction triggers a configuration
change of the amylose chain from random coil to helix
structure with an amylose—CTAB complex as a result.
The binding of CTAB to amylopectin was of Langmuir
type with the formation of inclusion complexes similar to
the amylose—iodine inclusion complex. Amylopectin can be
regarded as a collection of independent short amylose
chains. The binding capacity seem to be independent of
the structure of the starch polysaccharide with 33 mmol
CTAB/mole glucose units.
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