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Interactions between maltodextrin (DE ) 10) and an anionic surfactant (sodium dodecyl sulfate,
SDS) were studied in a buffer solution (pH 7.0, 10 mM NaCl, 20 mM Trizma, 30.0 °C) using
isothermal titration calorimetry (ITC), surface tension, differential scanning calorimetry (DSC), and
turbidity techniques. ITC measurements indicated that the binding of SDS to maltodextrin was
exothermic and that, on average, one SDS monomer bound per 24 glucose units of maltodextrin at
saturation. Surface tension measurements indicated that there was a critical surfactant concentration
(∼0.05 mM SDS) below which surfactant and maltodextrin did not interact and that the amount of
surfactant bound to the maltodextrin above this concentration increased with increasing maltodextrin
concentration. Turbidity measurements indicated that the solutions remained transparent at all
maltodextrin (0-1 wt %) and SDS (0-20 mM) concentrations studied, which suggested that phase
separation did not occur. DSC measurements indicated that no phase transitions occurred between
10 and 110 °C for maltodextrin solutions (0.5 wt %) in the presence or absence of surfactant. A
phase diagram was developed to describe the interactions between SDS and maltodextrin.
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INTRODUCTION

Interactions between biopolymers and surface-active
lipids are important in many industrial and natural
processes. Surfactants alter the conformation and self-
association of biopolymers in aqueous solutions, which
leads to changes in the appearance, stability, and
rheology of the solution (1-9). Biopolymer-surfactant
interactions at droplet surfaces alter the physicochem-
ical properties of oil-in-water emulsions stabilized by
biopolymers (10-15). The binding of amphiphilic bile
acids to water-soluble dietary fibers in the small intes-
tine has been proposed to be one of the major mecha-
nisms by which fibers reduce cholesterol and colon
cancer (16-20). The quality of many food products may
also be influenced by interactions of biopolymers with
other types of small amphiphilic molecule, such as
flavors, antioxidants, pro-oxidants, and preservatives
(21-27).

Amphiphilic molecules may interact with biopolymers
in a variety of different ways. When amphiphilic mol-
ecules are mixed with a solution of polymer molecules,
they may exist in either a free or a bound form (28-
30). In either of these forms, the amphiphilic molecules
may be present as individual molecules or as molecular
clusters (e.g., micelles). The partitioning of amphiphilic
molecules between different locations depends on the
concentrations and molecular characteristics of the
polymer and amphiphile as well as on prevailing
environmental conditions such as temperature, pres-
sure, and solvent composition (1, 8). A variety of
physicochemical mechanisms may either favor or oppose
binding, including electrostatic interactions, hydropho-
bic interactions, hydrogen bonding, and configurational
entropy (31-33). The relative importance of these

mechanisms depends on the precise nature of the
polymer-amphiphile system and usually has to be
established experimentally. When one or more am-
phiphilic molecules bind to a biopolymer molecule, they
may induce a conformational change in the biopolymer
or change the degree of self-association of the biopoly-
mer molecule with its neighbors (34). Changes in the
conformation or aggregation of biopolymer molecules
may lead to an appreciable change in their functional
attributes, e.g., surface activity, thickening, or gelation
(35).

The objective of our study was to improve the current
understanding of interactions between starch and sur-
face-active lipids. Starch is one of the most widely used
functional biopolymers in food products (36). Natural
starch is usually composed of a mixture of amylose and
amylopectin, which are R-polyglucans that have differ-
ent molecular structures and functional properties (37).
It is well-established that amylose, the linear component
of starch, can form helical inclusion complexes with a
variety of compounds, e.g., iodine (38, 39), alcohols (40),
free fatty acids (41, 42), glyceryl monostearate (43, 44),
long-chain aliphatic compounds (45), and lysolecithin
(46). The formation of these complexes has been shown
to retard the firming and retrogradation of starch (47),
to reduce the stickiness of starch, to improve the freeze-
thaw stability of starch (48), to prevent leaching of
amylose during gelatinization, to inhibit the swelling
of starch granules heated in water, and to reduce the
water-binding capacity of starch (49). In addition, in
vitro and in vivo studies have shown that the formation
of amylose-lipid complexes increases the resistance of
starch to enzymatic digestion (50-53). An improved
understanding of the origin and nature of the interac-
tions between starch and surface-active lipids would* To whom correspondence should be addressed.
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lead to the design of foods with improved nutritional,
physicochemical, and sensory properties.

In this study, we used a maltodextrin-anionic sur-
factant (SDS) system to model the interactions between
starch and amphiphilic lipids. This system was chosen
because the maltodextrin and surfactant were both
water-soluble and had well-defined physicochemical
properties. Maltodextrins are digestive byproducts of
starch that contain linear amylose and branched amylo-
pectin degradation products (54). They are commonly
used as functional ingredients in foods because of their
ability to form gels, retain water, modify texture, and
encapsulate lipids (54-56). Previous studies have shown
that linear chains within maltodextrin and starch
molecules form helical structures upon interacting with
hydrophobic tails of amphiphilic lipid molecules (57).
These polysaccharide-lipid complexes have different
molecular and physiochemical properties than the
polysaccharide alone. Consequently, an improved un-
derstanding of the nature of the interactions between
polysaccharides and amphiphilic lipids could lead to the
development of functional ingredients with enhanced or
unique properties. It should be noted that a wide variety
of different types of amphiphilic lipids are present in
food products, e.g., ionic surfactants, nonionic surfac-
tants, and phospholipids. The anionic surfactant (SDS)
used in this study may therefore not accurately model
the behavior of many of these lipids, and additional
work needs to be carried out using other types of
amphiphilic lipids.

MATERIALS AND METHODS

Materials. Maltodextrin DE 10 (Maltrin M 100, lot
M9933231) was obtained from Grain Processing Corporation
(Muscatin, IA). Sodium dodecyl sulfate (SDS, L-4509, lot
107H0006) and Trizma base (T-1503, lot 29H5442) were
purchased from Sigma Chemical Co. (St. Louis, MO). Sodium
chloride (lot 7581KXRE) was purchased from Mallinckrodt
Baker, Inc. (Paris, KY). Hydrochloric acid solution (HCl, lot
971558) was purchased from Fisher Chemical (Fair Lawn, NJ).
Deionized and distilled water was used for the preparation of
all solutions.

Solution Preparation. A stock buffer solution (pH 7.0, 10
mM NaCl, 20 mM Trizma) was prepared by dispersing Trizma
base and sodium chloride into water and then adjusting the
pH with hydrochloric acid solution. (It should be noted that
we initially tried potassium phosphate monobasic (KH2PO4)
as a buffer, but this caused precipitation of SDS, and so we
used Trizma instead). Maltodextrin solutions were prepared
by dispersing powdered maltodextrin (0.25%, 0.5%, 0.75%, and
1.0% w/v) into stock buffer solution and stirring for 60 min at
room temperature before use. Surfactant solutions were
prepared by dispersing powdered SDS into stock buffer solu-
tion and stirring for 60 min at room temperature before use.

Isothermal Titration Calorimetry. An isothermal titra-
tion calorimeter (VP-ITC, Microcal Inc., Northampton, MA)
was used to measure enthalpies of mixing at 30.0 °C. The 10-
µL aliquots of 35 mM SDS solution were injected sequentially
into a 1480-µL reaction cell initially containing either buffer
solution or maltodextrin solution. Each injection lasted 20 s,
and there was an interval of 300 s between successive
injections. The solution in the reaction cell was stirred at a
speed of 315 revertants min-1 throughout the experiments. All
solutions were degassed prior to the measurements being
carried out.

Surface Tension Measurements. A digital tensiometer
with a Wilhelmy plate (K10ST, Krüss, Charlotte, NC) was used
to measure the surface tension of aqueous surfactant solutions
in the presence or absence of maltodextrin in a temperature-
controlled measurement cell (30.0 ( 0.5 °C). Surfactant

solutions were prepared and then stored in a 30 °C water bath
overnight. These solutions were then stirred to ensure that
they were homogeneous and placed in the tensiometer mea-
surement cell for 20 min before measurements were performed.
Three measurements were made on each sample, and the final
result was reported as the mean. The standard deviation of
the measurements was always better than 0.5 mN m-1.

Turbidity Titrations. The 100-µL aliquots of 35 mM SDS
solution were injected at 3-min intervals into a glass vial
initially containing 14.5 mL of either buffer solution or 1% w/v
maltodextrin solution. Solutions were stirred continuously
throughout the experiment using a magnetic stirrer. The
turbidity at 600 nm (Spectronic 21D, Milton Roy, Rochester,
NY) of the maltodextrin solutions was measured at the end of
each 3-min period.

Differential Scanning Calorimetry. An ultrasensitive
differential scanning calorimetry (VP-DSC, Microcal Inc.,
Northampton, MA) was used to measure enthalpy changes
resulting from heating aqueous solutions of maltodextrin and
SDS. The solution to be analyzed was placed in the measure-
ment cell, and buffer solution was placed in the reference cell.
The heat flow required to keep a zero temperature difference
between the two cells was then recorded as the cells were
heated from 10 to 110 °C at 1.5 °C/min. A background scan
was carried out using distilled water in both the sample and
measurement cells, which was subtracted from the measure-
ments made on the samples.

RESULTS AND DISCUSSIONS

Characterization of SDS Micellization in Buffer
Solutions. Initially, ITC and tensiometer experiments
were carried out to establish the critical micelle con-
centration (CMC) of the SDS in the buffer solutions used
in this study. A heat flow versus time profile resulting
from sequential injections of 10-µL aliquots of surfactant
solution (35 mM SDS, pH 7.0, 10 mM NaCl, 20 mM
Trizma) into a 1480-µL reaction cell initially containing
stock buffer solution (pH 7.0, 10 mM NaCl, 20 mM
Trizma) is shown in Figure 1. The surfactant concentra-
tion in the injector was well above the CMC, so that
the injector initially contained primarily micelles. Ini-
tially, a series of large endothermic peaks was observed
when the surfactant solution was injected into the
reaction cell. These enthalpy changes are the result of
micelle dissociation because the surfactant concentra-
tion in the reaction cell remained below the CMC for

Figure 1. Heat flow vs time profiles resulting from injection
of 10-µL aliquots of 35 mM SDS into a 1480-µL reaction cell
containing buffer solution at 30.0 °C.
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the first few injections (58). After a certain number of
injections, there was an appreciable decrease in peak
height because the surfactant concentration in the
reaction cell exceeded the CMC, and so the micelles
injected into the reaction cell no longer dissociated.
Above the CMC, the enthalpy change is therefore only
the result of micelle dilution effects (58). The depen-
dence of the enthalpy change per mole of surfactant
(∆H/∆[SDS]) injected into the reaction cell on the
surfactant concentration in the reaction cell was calcu-
lated by integration of the heat flow versus time profiles
(Figure 2). The CMC of the SDS was determined from
the inflection point in the ∆H/∆[SDS] versus surfactant
concentration curve as 3.4 ( 0.1 mM.

The CMC of the SDS in the stock buffer solution was
also determined by tensiometry. The surface tension (γ)
of aqueous buffer solutions containing different SDS
concentrations was measured (Figure 3). At low surfac-
tant concentrations (<0.01 mM), the surface tension was
similar to that of pure water (∼70 mN m-1). As the
surfactant concentration was increased, there was a

sharp decline in the surface tension, indicating adsorp-
tion of SDS to the air-water interface. At high surfac-
tant concentrations (>3 mM), the surface tension re-
mained approximately constant as the SDS concentration
was increased (∼37 mN m-1), which indicated that the
surface had become saturated with surfactant. The
CMC was defined as the intersection point of linear plots
of γ versus log(SDS) extrapolated from (i) the region
where the surface was saturated with surfactant and
(ii) the region where there was the steepest decrease in
surface tension with surfactant concentration. This
procedure gave a CMC of 2.2 ( 0.1 mM for SDS (Figure
3), which was slightly lower than the value determined
by the ITC technique. It is well-recognized that different
analytical methods give slightly different values for the
CMC of surfactants because of differences in their
sensitivity to monomers and micelles (59). It should also
be noted that there was a slight minimum in the γ
versus log(SDS) curve around the CMC (Figure 3),
which is indicative of some surface-active impurities
within the SDS. The difference in CMCs determined by
the two techniques could therefore also be partly due
to the presence of impurities in the SDS. The CMCs
determined in this study are in good agreement with
those determined by other workers under comparable
experimental conditions. For example, the CMC of SDS
at room temperature decreases from 8.1 mM at 0 mM
NaCl to 1.4 mM at 100 mM NaCl (59).

Characterization of SDS-Maltodextrin Inter-
actions. In the absence of maltodextrin, the enthalpy
change resulting from the injection of SDS into buffer
solution was endothermic below the CMC because of
micelle dissociation but decreased appreciably above the
CMC because of micelle dilution effects (Figures 1 and
2). In the presence of maltodextrin, there was initially
a large exothermic contribution to the enthalpy change
at low surfactant concentrations (Figures 4 and 5),
which suggested that the SDS interacted with the
maltodextrin. The exothermic enthalpy changes associ-
ated with these interactions could have been due to
binding of SDS to maltodextrin or due to changes in the
conformation of the maltodextrin (e.g., a coil-to-helix
transition). However, it is not possible to identify the
physical origin of the enthalpy changes from ITC

Figure 2. Dependence of enthalpy change per mole of
surfactant on the surfactant concentration in the reaction cell
for SDS injected into buffer solution at 30.0 °C.

Figure 3. Dependence of surface tension on SDS concentra-
tion for aqueous solutions containing 0 and 1% (w/v) malto-
dextrin at 30.0 °C.

Figure 4. Heat flow vs time profiles resulting from injection
of 10-µL aliquots of 35 mM SDS into a 1480-µL reaction cell
containing 1% (w/v) maltodextrin solution at 30.0 °C.
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measurements alone. Surface tension measurements
were used to provide some information about binding
of SDS molecules to maltodextrin (see below). It would
also have been useful to monitor changes in the confor-
mation of the maltodextrin molecules (e.g., using optical
rotation measurements), but we did not have the
appropriate instrumentation available for this study.

The enthalpy change upon injection of SDS into the
reaction cell was highly dependent on the initial con-
centration of maltodextrin present (Figure 5). Neverthe-
less, the enthalpy change versus surfactant concentra-
tion profiles followed a fairly similar pattern for all
maltodextrin concentrations. At low SDS concentra-
tions, the enthalpy change was highly exothermic. As
the SDS concentration was increased, the enthalpy
change increased until it eventually reached an endot-
hermic maximum. At still higher SDS concentrations,
the enthalpy change became increasingly less endot-
hermic and eventually tended toward the value ob-
served for injection of SDS into the reaction cell above
the CMC in the absence of maltodextrin. The observed
changes in the enthalpy profiles can be explained in
terms of the interaction of surfactant molecules to the
maltodextrin. At low surfactant concentrations, there
was an exothermic reaction due to binding of SDS
molecules to the maltodextrin. As the surfactant con-
centration increased, the number of available binding
sites on the maltodextrin decreased; hence, the exother-
mic contribution to the enthalpy change associated with
binding was decreased. Eventually, all of the binding
sites on the maltodextrin became saturated; therefore,
any further SDS micelles injected into the reaction cell
dissociated into monomers, leading to an endothermic
reaction. When the concentration of free SDS monomers
in the aqueous phase increased above the CMC, micelle
dissociation no longer occurred, and the enthalpy change
was only due to micelle dilution effects. Consequently,
the enthalpy changes at high surfactant concentrations
are similar to those observed for the injection of SDS
into the reaction cell above the CMC in the absence of
maltodextrin.

An apparent critical micelle concentration (CMC*) for
each of the maltodextrin-SDS solutions was determined

from the inflection point in the ∆H/∆[SDS] versus [SDS]
curves that occurred after the endothermic peak (Figure
5). The difference between the CMC of the surfactant
in the presence and absence of maltodextrin (∆CMC )
CMC* - CMC) should be equal to the amount of
surfactant that binds to the maltodextrin at saturation,
which is normally expressed by the symbol T2 (28, 29).
There was a linear increase in ∆CMC with maltodextrin
concentration (Figure 6), which is consistent with the
behavior of other types of natural and synthetic polymer
(28, 29). The slope of the linear plot of ∆CMC versus
maltodextrin concentration was used to calculate that
on average there was one SDS molecule bound per 24
glucose units in the maltodextrin at saturation (assum-
ing a molecular weight of 171 g/glucose unit). This is
close to the value of one SDS molecule bound per 29
glucose units in amylose found by previous workers (57).
The maltodextrin used in this study had an average
degree of polymerization of 10 glucose units, so there
was an average of one SDS molecule bound per two
maltodextrin molecules. This suggests that not all of the
maltodextrin molecules were capable of binding surfac-
tant molecules. Previous studies suggest that the bind-
ing of amphiphilic lipids to glucose polymers results in
the formation of a complex in which the hydrophobic
tail of the lipid is surrounded by a helix of glucose
monomers (57, 60). Commercial maltodextrins are highly
polydisperse, i.e., they contain a mixture of carbohydrate
molecules of widely differing chain length. It is therefore
possible that some of the shorter maltodextrin molecules
in our study were not long enough to form stable helices
around the tail of the SDS molecules. The hydrocarbon
tail of a SDS molecule is approximately 1.7 nm long (61).
Previous studies indicate that linear alcohols and fatty
acids form helices with six D-glucosyl residues per turn
(62), which have an average length of about 0.8 nm per
turn (63). The alkyl chains of SDS molecules have been
shown to fit into helices of about 12-16 glucose units,
corresponding to a length of about 1.6-2.0 nm. It is
therefore possible that only those maltodextrin mol-
ecules in the solution that have a degree of polymeri-
zation around 12 or higher may have sufficient glucose
units to completely surround the hydrocarbon tail of
SDS and form stable helices.

Figure 5. Dependence of enthalpy change per mole of
surfactant on the surfactant concentration in the reaction cell
for SDS injected into maltodextrin solutions at 30.0 °C.

Figure 6. Increase in apparent critical micelle concentration
of SDS in maltodextrin-surfactant solutions containing dif-
ferent maltodextrin concentrations at 30.0 °C.
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Surface tension measurements were used to provide
information about the binding of SDS to maltodextrin.
The free SDS concentration ([SDS]free) in the aqueous
phase of a maltodextrin-surfactant solution was esti-
mated by measuring the surface tension of the solution.
The value of [SDS]free was then determined from a plot
of surface tension versus surfactant concentration in the
absence of maltodextrin (Figure 3). This approach
assumes that the change in surface tension at the air-
water interface is due solely to the adsorption of SDS.
If the maltodextrin-SDS complex were surface active,
then it would also reduce the surface tension (57). In
fact, we found that there was a slow decrease in the
interfacial tension of maltodextrin-SDS solutions over
time (0-24 h), suggesting that the complex did slowly
adsorb to the interface. For this reason, we always made
measurements 20 min after placing a fresh sample into
the tensiometer so that the measured change in surface
tension was dominated by the rapidly adsorbing SDS
monomers rather than by the slowly adsorbing malto-
dextrin-SDS complexes. The tensiometer technique
was also restricted in the range of free surfactant
concentrations that it could determine because the
surface tension was fairly insensitive to SDS concentra-
tion at low (<0.05 mM) and high (>2 mM) surfactant
concentrations (Figure 3). For this reason, free SDS
concentrations were only calculated for solutions that
had surface tensions greater than 45 mN m-1 and less
than 65 mN m-1.

The influence of maltodextrin on the surface tension
versus surfactant concentration profile for a 1% (w/v)
maltodextrin solution is shown in Figure 3. The change
in the amount of bound surfactant with increasing SDS
concentration for solutions containing different malto-
dextrin concentration is shown in Figure 7. The surface
tensions of the surfactant solutions in the presence and
absence of maltodextrin were fairly similar up to SDS
concentrations of ∼0.05 mM, indicating that there was
no significant binding of surfactant to the maltodextrin.
This lower critical binding concentration, usually re-
ferred to as T1, was fairly independent of maltodextrin
concentration, in agreement with the behavior of other
types of polymers (28, 29). At surfactant concentrations
greater than T1, the degree of SDS binding increased
with maltodextrin concentration (Figure 7). The binding

of surfactant to the maltodextrin in this region is
demonstrated by the rightwards shift in the surface
tension versus SDS concentration curve (Figure 3). It
was not possible to determine the surfactant concentra-
tion where the maltodextrin became saturated with SDS
using tensiometer measurements because the surface
tension was fairly insensitive to surfactant concentra-
tion around and above the CMC.

By combining data from the surface tension and ITC
techniques, it was possible to construct a phase diagram
for the maltodextrin-SDS system (Figure 8). At low
surfactant concentrations (SDS < T1), there was no
interaction between SDS and maltodextrin. At inter-
mediate surfactant concentrations (T1 < SDS < T2), SDS
bound to maltodextrin, and there was an equilibrium
between surfactant molecules present in the maltodex-
trin-SDS complex and those that existed as monomers
in the aqueous phase. At higher surfactant concentra-
tions (T2 < SDS < CMC*), the maltodextrin became
saturated with SDS, and the excess surfactant existed
as monomers in the aqueous phase. Above the apparent
critical micelle concentration of the surfactant (SDS >
CMC*), the maltodextrin was saturated with SDS, and
the excess surfactant existed as a mixture of monomers
and micelles in the aqueous phase.

The construction of the phase diagram helps us to
interpret some of the finer details of the ∆H/∆[SDS]
versus [SDS] profiles determined by ITC (Figure 5). The
first injection of SDS into the maltodextrin solutions
always resulted in a surfactant concentration in the
reaction cell that was greater than T1; therefore, the
region where no interaction between surfactant and
maltodextrin occurred was not observed in the ITC
experiments. The break in the ∆H/∆[SDS] versus [SDS]
plots, which occurred at relatively low surfactant con-
centrations where the enthalpy change was still highly
exothermic, corresponded to the surfactant concentra-
tion where the maltodextrin became saturated with
SDS. For example, this break occurred at approximately
2.3 mM SDS for the 1% (w/v) maltodextrin solution
(Figure 5), which was close to the saturation concentra-
tion of 2.4 mM SDS determined from the CMC* mea-
surements (Figure 6).

Figure 7. Binding isotherms determined using tensiometer
for maltodextrin-surfactant solutions containing different
maltodextrin concentrations at 30.0 °C. Figure 8. Phase diagram for maltodextrin-SDS solution at

30.0 °C, constructed from surface tension and ITC measure-
ments. SDSmon is the concentration of the surfactant mono-
mers, and SDSmic is the concentration of the surfactant
micelles.

Maltodextrin−Surfactant Interactions J. Agric. Food Chem., Vol. 49, No. 10, 2001 5043



Influence of SDS-Maltodextrin Interactions on
Functional Properties. Turbidity measurements were
used to determine if any phase separation occurred in
the maltodextrin-SDS solutions. No significant change
in the turbidity (at 600 nm) of 1% (w/v) maltodextrin
solutions was observed when the SDS concentration was
increased from 0 to 20 mM, which suggested that there
was no appreciable aggregation of maltodextrin-SDS
complexes and no thermodynamic incompatibility of the
components. Ultrasensitive DSC measurements were
used to determine whether SDS altered the conforma-
tional stability of maltodextrin molecules, e.g., the
helix-coil transition. No enthalpy peaks were observed
when 1% (w/v) maltodextrin solutions were scanned
from 10 to 110 °C in the presence of 0, 3 and 6 mM SDS,
which suggested that any helix-coil transitions were
either too small to measure or occurred outside the
measurement temperature range.

CONCLUSIONS

This study has shown that isothermal titration cal-
orimetry and surface tension measurements can provide
valuable information about the interactions between
maltodextrin and an anionic surfactant. A phase dia-
gram for the SDS-maltodextrin system was constructed
using data from the two techniques. The ITC measure-
ments indicated that the binding of SDS to maltodextrin
was exothermic and that on average one SDS monomer
was bound per 24 glucose units of maltodextrin at
saturation. Surface tension measurements indicated
that there was a critical surfactant concentration below
which surfactant and maltodextrin did not interact and
that the amount of SDS bound to the maltodextrin
above this concentration increased with increasing
maltodextrin concentration. In future work, it would be
useful to correlate the data from binding measurements
to changes in maltodextrin conformation resulting from
binding.
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