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Control of Surfactant-Induced Destabilization of Foams through
Polyphenol-Mediated Protein—Protein Interactions
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The effectiveness of (+)-catechin in the control of foam stability of a deliberately destabilized Tween
20/B-lactoglobulin mixed system was investigated. Significant improvement in the foamability and
foam stability was obtained in the presence of low concentrations of (+)-catechin. The maximum
improvement was observed at a molar ratio of (+)-catechin to protein of approximately 0.1. The
mechanism of action of (+)-catechin was investigated by careful study of the properties of thin liquid
films (isolated foam lamellae). This polyphenolic compound was found to increase the equilibrium
thickness of the films, slow the rate of drainage, and slow the diffusion of a fluorescent probe which
was located in the adsorbed layer. The data are consistent with (+)-catechin-induced cross-linking
of proteins in the adsorbed layer. Such molecules offer considerable potential for the control of

protein foam stability.
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INTRODUCTION

Food emulsions and foams often consist of a complex
mixture of proteins and low molecular weight surfact-
ants. Both classes of molecules demonstrate completely
distinct mechanisms of interfacial stabilization (Ewers
and Sutherland, 1952; Halling, 1981). Proteins stabilize
dispersed systems such as foams or emulsions by
formation of a “tough” viscoelastic film at the interface.
Examples of food foams where this can occur include
beer, bread, and meringues. Mechanical stability is
conferred by this adsorbed layer, and this prevents
bubble rupture. Instability occurs if there is competitive
adsorption of low molecular weight components at the
interface, which disrupts the protein—protein inter-
actions that are the basis of the viscoelastic properties
(Courthaudon et al., 1991). Thus, destabilization of the
interface and dispersion occur when surface active lipids
(Daftary et al., 1968; MacRitchie and Gras, 1973) or
surfactants (Clark et al., 1992; Tornberg and Lundh,
1981) compete to occupy space in the adsorbed layer
with proteins in the same system.

The Tween 20/8-lactoglobulin (3-Lg) system (Wilde
and Clark, 1993) is an example of a model competitive
adsorption system. Tween 20 is the name given to the
polysorbate emulsifier polyoxyethylene (20) sorbitan
monolaurate, while 8-Lg is the major protein found in
the whey fraction of milk. The surface activity of the
Tween 20 can lead to preferential adsorption of this
molecule at the interface. Inclusion of comparatively
small quantities of Tween 20 in the protein solution
disrupts protein—protein interactions at the interface,
leading to the onset of lateral diffusion of the protein
in the adsorbed layer and the subsequent destabilization
of foams and foam films. At a molar ratio of Tween 20:
B-Lg (R) of 0.25, the stability of the foams is measurably
reduced while the lateral diffusion of proteins at the
interface is initiated, indicating partial disruption of the
viscoelastic interfacial multilayers. This model system
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is a simplification of the stabilizing protein layer in
“real” systems contaminated or brought into contact
with lipids and/or surfactants.

Tannin is a term used to collectively describe and
group polyhydroxyphenolic compounds of approximate
molecular mass 500—3000 Da found in plant material
(Dreher, 1987; Porter, 1989). Tannins can be divided
into two groups (i) “hydrolyzable”, which yield a poly-
hydric alcohol and gallic acid or related compounds and
(ii) “condensed”, comprising flavonoid compounds, one
of which is the precursor (+)-catechin. Self-initiated
condensation polymerization of (+)-catechin (C15H1406)
produces red-brown tannins, the intensity of which is
concentration dependent. Catechins themselves belong
to a group of compounds referred to as flavan-3-ols,
which exist as a number of isomers depending on the
positioning of functional groups. (+)-Catechin is rou-
tinely found in a number of plant sources such as stems,
bark, the aleurone layer of seeds and grains, and
lignified or damaged tissues. Tannins, including cat-
echins, are thought to have antifungal/pathogenic prop-
erties within plant tissue (Swain, 1965) and feature
particularly in ripening and dying/dead cells and mate-
rial. The astringency associated with some fruit, cocoa,
and tea is thought to be attributable to tannins, which
complex with glycoproteins in saliva and polypeptides
within the mouth. Fresh tea infusion may contain 25—
35% tannins on a dry weight basis of which (+)-catechin
may account for 1-2% (Sanderson, 1972). Dietary
proteins have been shown to complex with tannins,
resulting in protein precipitation in beers, wines, and
fruit juices (Wong, 1973). Studies with complex mix-
tures of tannins show that tannin components bind to
proteins and can induce cross-linking (Ricardo-da-Silva
et al., 1991; Sekiya et al., 1984).

The aim of this study is to investigate the potential
of polyphenol- and specifically (+)-catechin-mediated
protein—protein interactions in enhancing the robust-
ness of the adsorbed protein layer in a model system,
comprised of a mixture of Tween 20 and 8-Lg. The ratio
of these two components was carefully selected to ensure
that the foaming properties of the system were delib-
erately compromised to allow clear indication of the
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effect of the presence of (+)-catechin on foaming proper-
ties and to allow elucidation of the mechanism of action
of the polyphenol.

MATERIALS AND METHODS

B-Lg (L-0130; 3x crystallized and lyophilized) and (+)-
catechin (C-1251) were purchased from Sigma Chemical Co.
Tween 20 [No. 28320 Surfact-Amps 20; 10% solution polyoxy-
ethylene (20) sorbitan monolaurate] was purchased from
Pierce, and 5-N-(octadecanoyl)aminofluorescein (No. 0-322)
was obtained from Molecular Probes Inc. All samples were
prepared using 10 mM sodium phosphate buffer using surface
chemically pure distilled water adjusted to pH 7.0. We refer
to the composition of solutions by an R value, which is the
molar concentration ratio of Tween 20 to 5-Lg. In the majority
of experiments, the protein concentration was held constant
at 1 mg/mL (54.3 uM). The Tween 20 concentration was also
held constant at 13.58 uM.

Foaming. Foam stability was assessed using a microcon-
ductivity method (Clark et al., 1991a). Two milliliters of
protein solution was sparged with pure nitrogen until the
generated foam reached a predetermined mark, 2.8 cm above
the body of the liquid. Foam microconductivity remaining 5
min after sparging had ceased (Cso) was used as a measure
of foam stability (Coke et al., 1990), while the microconduc-
tivity immediately after sparging had ceased (Co) was used
as a estimate of the ability of the solution to generate a foam
(foamability).

Preparation of Thin Films for Drainage Behavior and
Measurment of Equilibrium Thickness. Thin films (iso-
lated foam lamellae) were formed in a small ground glass
annulus contained in a temperature- and humidity-controlled
housing as previously described (Clark et al., 1990). After a
droplet of the solution of interest had equilibrated for 30 min,
the thin film was created by withdrawal of some of the liquid
from the droplet in the ring. Drainage behavior was examined
under epi-illumination using an inverted microscope. An
interferometric method described earlier (Clark et al., 1989,
1990) was used to determine film thickness.

Fluorescence Recovery after Photobleaching (FRAP).
The FRAP technique was used to investigate the lateral
diffusion behavior of adsorbed layers in air—water thin films.
The fluorescent surface active probe molecule 5-N-(octa-
decanoyl)aminofluorescein (ODAF), which preferentially ac-
cumulates at the interface, was used as a probe of interfacial
structure (Coke et al., 1990). The low concentrations of ODAF
used in these experiments do not interfere with the adsorption
of other species. The mobility of this “reporter” molecule in
the interfacial layer can be used as a qualitative probe of the
extent of protein—protein interaction in the adsorbed layer.
In these experiments, the R value of the solution was increased
to 0.5 to maximize breakdown of protein—protein interactions.
Thus, the 3-Lg concentration was maintained at 1 mg/mL but
the Tween 20 concentration was increased to 27.15 uM.

Surface Dilational Measurements. The surface dilation
properties were measured according to the method of Kokelaar
et al. (1991). The apparatus involves a periodic interfacial
expansion and compression resulting from raising and lower-
ing a 10 cm diameter ground glass ring into a vessel containing
20 mL of the test solution. The large volumes of solution
required for these measurements necessitated a reduction in
solute concentration. Measurements were made using con-
stant protein concentrations of 0.02 (1.09 M) and 0.1 mg/mL
(5.43 uM) with Tween 20 concentrations of 0.272 and 2.57 uM,
respectively.

RESULTS

Foaming Properties. Foams formed from the Tween
20/8-Lg solution (R = 0.25) showed increased foamabil-
ity in the presence of added (+)-catechin up to a
concentration of 7 uM (Figure 1). The initial foam
conductivity (Co) was greater as a result of increased
foam density, but the time to create the required volume
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Figure 1. Foamability as determined by initial foam conduc-
tivity (Co) of solutions of Tween 20/5-Lg (R = 0.25) as a function
of the concentration of (+)-catechin.The symbols represent data
points. The solid curve is included as an aid to the eye and
not a fit to the data points.
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Figure 2. Foam stability determined by residual conductivity
of the foam after 300 s of drainage of samples of Tween 20/5-
Lg (R = 0.25) as a function of (+)-catechin concentration. The
symbols represent data points. The solid curve is included as
an aid to the eye and not a fit to the data points.

of foam was greater in solutions containing (+)-catechin
(results not shown). Notably, solutions containing (+)-
catechin alone under the same concentrations as those
examined with the mixed system did not produce a
measurable foam. Foamability did decline in solutions
containing (+)-catechin at concentrations above 7 uM.
Nevertheless, the equilibrium value reached was still
somewhat greater than observed in the solution con-
taining no (+)-catechin (i.e. Tween 20/8-Lg alone).

The presence of (+)-catechin in the Tween 20/5-Lg test
solution (R = 0.25) increased foam stability at very low
concentrations of 0.5 uM (molar equivalent to protein,
Rt = 0.01) as shown in Figure 2. Higher concentra-
tions of (+)-catechin increased the foam stability to a
pseudoplateau with maximum stability observed at 5—6
uM. The stability of the foams formed from solutions
containing 6 uM (+)-catechin [(+)-catechin:f-Lg ratio,
R.: = 0.11] was enhanced by approximately 11%
compared with that characteristic of the Tween 20/3-
Lg system alone. At marginally higher concentrations
than 6 4M added (+)-catechin, there was a reduction
in the enhancement of foam stability to levels compa-
rable with those observed following addition of 0.5 4uM
(+)-catechin alone. Nevertheless, the enhancement was
still significant in comparison with the foam stability
of solutions of Tween 20/5-Lg alone.

Thin Film Drainage. Thin films formed from solu-
tions of Tween 20/3-Lg alone (R = 0.25) generally
showed transitional drainage behavior consistent with
the Tween-induced breakdown of protein—protein in-
teractions in the interfacial layer (Clark et al., 1991a;
Coke et al., 1990). Typically the films contained rigid
regions, rich in protein—protein interactions in an
otherwise mobile fluid-like film which was depleted in
protein—protein interactions. The rigid regions were
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Figure 3. Influence of (+)-catechin concentration on equilib-
rium film thickness of foam lamellae formed (thin films) from
solutions comprised of mixtures of Tween 20/8-Lg (R = 0.25).
The symbols represent data points. The solid curve is included
as an aid to the eye and not a fit to the data points.
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Figure 4. Effect of (+)-catechin concentration on the lateral
diffusion coefficient (D) of the fluorescent probe ODAF in the
adsorbed layer of thin films stabilized by solutions of Tween
20/8-Lg (R = 0.5). The symbols represent data points. The solid
curve is included as an aid to the eye and not a fit to the data
points.

progressively ejected from the film. Occasionally films
exhibited immobile behavior. The presence of (+)-
catechin at concentrations <3 uM did not alter the
nature of the thin film drainage. However, at 4 uM and
even more noticably at 5 uM (+)-catechin, the thin film
drainage behavior altered significantly, consistent with
rigidification of the adsorbed layers.

Film Thickness. The characteristic thickness of
equilibrium films formed from Tween 20/5-Lg (R = 0.25)
solutions was approximately 10 nm. Addition of 1 uM
(+)-catechin (Figure 3) increased film thickness by about
10%. The characteristic film thickness steadily in-
creased to a maximum of over 11.5 nm at (+)-catechin
concentrations between 4 and 5.5 4uM. Further addition
of (+)-catechin resulted in a gradual reduction in
equilibrium film thickness to approximately that of the
system in the absence of any (+)-catechin. At 10 uM
(+)-catechin, the equilibrium film thickness was found
to be less than that of films formed from Tween 20/5-
Lg alone.

Lateral Diffusion in the Adsorbed Layer. A
reduction in the lateral diffusion of ODAF was observed
in the adsorbed layers of thin films formed from the
Tween 20/3-Lg solution with increasing concentration
of (+)-catechin (Figure 4). The lateral diffusion coef-
ficient (D) was only gradually reduced to 3 x 1078 cm?/s
with increasing concentrations of (+)-catechin up to and
including 4 uM. However, at 5 uM (+)-catechin a large
reduction in D to 1.5 x 1078 cm?/s was observed which
coincides with the maximum in equilibrium film thick-
ness. Further increases in concentrations of added (+)-
catechin reversed this trend and caused an increase in
D of ODAF within the adsorbed layers. Nevertheless,
between 6 and 6.5 uM (+)-catechin lateral diffusion of
ODAF was still lower than that observed at 4 4M (+)-
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Figure 5. Lateral diffusion coefficient (D) of ODAF in the
adsorbed layer of thin films formed from solutions of 5-Lg (54.3
4M) in the absence (W) and presence of (+)-catechin (5 4M)
(O) as a function of increasing molar ratio (R) of Tween 20.
The symbols represent data points. The solid curves are
included as an aid to the eye and not a fit to the data points.

catechin and still significantly lower than that observed
in the B = 0.5, Tween 20/3-Lg system alone. The lateral
diffusion coefficient of ODAF remained lower in thin
films of solutions containing 8—10 4M (+)-catechin than
in the thin films containing no (+)-catechin but was of
similar magnitude to that characteristic of the system
containing 1—4 uM (+)-catechin. This is consistent with
the foam stability data, where high levels of (+)-catechin
produce a small increase in foam stability similar to that
observed with low concentrations of (+)-catechin.

In a separate series of FRAP experiments the con-
centration of Tween 20 was varied in solutions contain-
ing fixed concentrations of protein (54.3 uM), in the
absence and presence of a constant (+)-catechin con-
centration (5 uM). The results are presented in Figure
5. The lateral diffusion coefficient of ODAF was found
to be dependent on the presence or absence of (+)-
catechin at certain R values. In the system containing
no (+)-catechin, diffusion started at R = 0.25 and rose
sharply to R = 0.4, where it attained an equilibrium
value which only increased gradually with further
additions of Tween 20.

The presence of (+)-catechin delayed the onset of
mobility in the Tween 20/38-Lg thin films. In the system
containing (+)-catechin, ODAF was immobile in thin
films of solution composition R = 0.25 and was either
mobile or immobile at R = 0.3 depending on whether
the drainage properties of the films were fluid (surf-
actant-like) or rigid (protein-like) in behavior. At solu-
tion compositions of R = 0.4, diffusion of ODAF was
always observed and the films always possessed mobile,
surfactant-like drainage properties. The magnitude of
D increased with Tween concentration but reached a
maximum value at approximately R = 0.7. It is notable
that D of ODAF in samples containing (+)-catechin was
always significantly lower than in the absence of (+)-
catechin. Indeed, the maximum D value observed was
about 20% lower at 2.2 x 1078 cm?/s in the system
containing (+)-catechin at R = 1.0.

Surface Dilational Properties. Evidence for a
detectable increase in surface elasticity or viscosity in
solutions containing 0.5 uM (+)-catechin is presented
in Figure 6. In the R = 0.25 system containing 0.02
mg/mL protein and no (+)-catechin, the elastic modulus
was only about 55% of that obtained for the same
system but with 0.05 4M (+)-catechin included. Higher
concentrations of (+)-catechin also increased surface
elasticity compared to the control, but the maximum
effect was observed at 0.05 4M (+)-catechin. Surface
dilational viscosity values also showed the greatest
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Figure 6. Changes in the dilational properties of the air—
water interface formed on solutions of Tween 20 (0.272 uM)
and $-Lg (1.086 uM) (R = 0.25) as a function of (+)-catechin
concentration. The elastic modulus (|E|) and the surface
dilational viscosity (74) are represented by the symbols (O) and
(@), respectively.
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Figure 7. Time-dependent changes in the elastic modulus
(|E]) of the air—water interface of solutions of Tween 20 (2.58
#M) and §-Lg (5.43 uM) (R = 0.475) in the presence of 5 uM
(+)-catechin.

increase in the presence of submicromolar levels of (+)-
catechin. However, absolute values of the suface dila-
tional viscosity show poor reproducibility compared with
the elastic modulus. The time dependence of the change
in surface dilational properties was studied in separate
experiments conducted at higher Tween 20 concentra-
tions (R = 0.47). The results are shown in Figure 7.
The-time dependent increase in surface elastic modulus
resulting from the presence of 5 uM (+)-catechin is very
clear. Similar effects were observed during FRAP
measurements.

DISCUSSION

It is now firmly established that competitive adsorp-
tion of low molecular weight surfactants results in the
breakdown of protein—protein interactions in the ad-
sorbed layers of foam films (Clark et al., 1989, 1991a;
Coke et al., 1990). The subsequent reduction in the
viscoelastic properties of the interfacial layer negates
the primary mechanism for the stabilization of protein
foams with consequent reduction in foam stability. In
addition, the protein aggregates remaining in the
interfacial layer as “islands” impede surfactant mobility
in the adsorbed layer with a consequent reduction in
film stabilization by the Marangoni mechanism. There
are two possible strategies that may be employed to
control surfactant-induced destabilization of foams.
First, a component, preferably of natural origin, could
be added that selectively binds the low molecular weight
species, preventing its adsorption at the interface. We
have reported the successful application of a lipid
binding protein, purscindoline, from wheat in such a role,
in the stabilization of beer foam (Clark et al., 1994) and
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egg white protein foams (Husband et al., 1994). An
alternative strategy is to enhance protein—protein
interactions in the adsorbed layer in a manner that
increases the resistance to disruption of protein—protein
interactions in the adsorbed layer by competitive ad-
sorption of surfactants. This latter approach has been
shown to be effective in the stabilization of model beer
systems through hop iso-a-acid-mediated cross-linking
of adsorbed proteins (Clark et al., 1991b). This paper
extends this work by examination of the potency of
another class of natural plant-derived molecules capable
of cross-linking proteins, namely the polyphenols.

Partially destabilized foams formed from solutions
containing Tween 20 and §-Lg provide an ideal test
system for the screening of potential cross-linking
molecules. In this study we have found a good correla-
tion between the observed increase in foamability and
stability and changes in the thin film properties. The
rise in foamability reflects an increase in foam density
due to increased bubble stability. In addition, the
increase in the C, value with (+)-catechin in the
concentration range 1-6 uM may also reflect the
increase in film thickness through this concentration
range. The observed increase in equilibrium film thick-
ness infers an increase in the adsorbed layer thickness
at the interface resulting from inclusion of (+)-catechin.
Such an effect will also slow the rate of film drainage,
particularly if there is an increase in the rigidity of the
interfacial layers due to cross-linking. The strongest
evidence for (+)-catechin-mediated cross-linking is the
decrease in the diffusion coefficient of ODAF in the
adsorbed layers of the thin film. Our hypothesis is that
this effect is brought about by the restriction of diffusion
of the probe by the formation of (+)-catechin-mediated
protein—protein cross-links in the adsorbed layer. Com-
paratively low levels of cross-linking, as determined by
the small reduction in the diffusion coefficient in the
presence of 1-2 uM catechin are sufficient to cause a
major improvement in foam stability (Figure 2).

The precise chemical nature of the cross-link between
(+)-catechin and 3-Lg is unclear. (+)-Catechin is known
to self-associate (Porter, 1989) and to interact with
proteins through hydrogen bond formation. It is pos-
sible that hydrophobic, covalent, and electrostatic in-
teractions (Ricardo-da-Silva et al., 1991; Sekiya et al.,
1984) may also have a role to play, as has been reported
for tannins and their precursors (Clark et al., 1991b;
Gramshaw, 1969). Recent studies (McManus et al.,
1985) and unpublished measurements of our own in-
volving photon correlation spectroscopy studies in the
presence of chaotropic agents indicate both hydrogen
bonding and hydrophobic interaction are implicated in
the functionality of (+)-catechin. This assertion is
supported by the absence of detectable higher molecular
weight bands in samples in the presence of (+)-catechin
in polyacrylamide electrophoresis gels run under dena-
turing conditions. Interactions between (+)-catechin
and S-Lg may serve to increase the amount of water
associated with the adsorbed layer, again thickening the
adsorbed layer and resultant foam films with the
consequent increase in foam stability (Velev et al., 1993).

A maximum in foamability, foam stability, and film
thickness and a minimum in surface diffusion of ODAF
are all observed at approximately 5 uM (+)-catechin. A
definitive explanation for this effect has not been found.
However, our favored hypothesis is the following. We
assume that the protein must possess a number of
binding sites for catechin and that the cross-linking
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activity of this molecule derives from its multivalency.
Crosslinking of proteins in the interfacial layer relies
upon the interaction of protein-bound catechin mol-
ecules with vacant interaction sites on neighboring
protein molecules. At a certain (+)-catechin concentra-
tion the interaction sites on the neighboring protein
molecules will be saturated with (+)-catechin and
impede the formation of (+)-catechin bridges between
the protein molecules. Further work is required to
explain why the effect is observed at comparatively low
(+)-catechin concentrations (i.e. where the molar con-
centration of catechin constitutes only 10% of that of
the protein). It may be that the presence of both free
protein and Tween 20/protein complex plays a role in
this effect.

Consideration of the extent of complex formation is
necessary when the data from the dilational study are
evaulated. Previous work has shown that adsorbed
Tween 20/8-Lg complex is responsible for the breakdown
of protein—protein interactions in the adsorbed layers
of this system with a subsequent reduction in foam
stability (Clark et al., 1993; Coke et al., 1990). The
latter experiments were all performed at a protein
concentration of 10.9 M and the molar ratio at which
protein lateral diffusion was first observed in the
adsorbed layer was R = 0.9. At higher protein concen-
trations such as the 1.0 mg/mL solutions used in the
thin film experiments here, disruption of the adsorbed
layer occurs at lower Tween 20 concentrations, due to
the increased levels of complex formed (Clark et al.,
1992). However, this effect caused some complications
when we started with a lower total protein concentra-
tion as in the dilation experiments, as it is impossible
to construct a solution that has identical composition
in terms of the relative concentrations of free protein,
Tween 20, and complex to that present in the 1.0 mg/
mL solutions used in the thin film experiments. Under
the solution conditions chosen for the surface dilational
measurements (0.02 mg/mL §-Lg and 0.272 uM Tween
20), there is approximately 0.05 4M complex present in
solution (i.e. 4.6% of the total protein) compared to
22.5% complexed protein under conditions used in the
thin film experiments. Thus, it is not surprising that
the relative concentration of (+)-catechin required to
increase surface elasticity and viscosity is much lower
on a mole to mole basis than required to produce optimal
effects in the thin film studies.

We have established the principle that a polyphenolic
compound can enhance foam stability by altering in-
terfacial layer structure through interactions with ad-
sorbed proteins. It should be stressed that our studies
have been confined to a model system and additional
investigations should be undertaken to identify poten-
tial applications of these findings in real food systems.
Since polyphenolic compounds are found naturally in
plant material, potential applications of this work
should focus on foods and beverages produced from or
containing processed plant material. The latter will be
necessary to release polyphenolic compounds from their
interactions with polysaccharides in plant cell walls.
There are some beverages that meet these criteria. For
example, polyphenolic compounds are released during
the brewing of beer. Traditionally, they have been
considered in a rather negative way as they have been
associated with haze production caused by polyphenol-
induced protein precipitation. Our findings suggest that
they may also behave in a positive manner in stabilizing
beer foam, which according to brewers is an important
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factor in the consumer perception of quality in this
product. Possible food applications could include baked
products produced using wholemeal flour which con-
tains phenolic compounds present in the aleurone layers
of grain. There may be areas of application of this
concept in the development of new foamed foods and
beverages.

CONCLUSIONS

(1) The presence of (+)-catechin in solutions contain-
ing mixtures of Tween 20 and §-Lg significantly en-
hances the foamability and foam stability of these
samples.

(2) Inclusion of (+)-catechin results in an increase in
the thickness of foam lamellae (thin films) and reduces
the rate of drainage.

(3) Evidence from surface diffusion measurements
supports the formation of (+)-catechin-mediated protein—
protein interactions in the interfacial layer.

(4) The long-range effect of cross-link formation was
confirmed by the increase in the surface dilational
elasticity and viscosity.

(5) This work provides preliminary evidence to sug-
gest that polyphenolic compounds may have potential
as functionality enhancing molecules.

ACKNOWLEDGMENT

This work was funded by the BBSRC. D.K.S. grate-
fully acknowledges a research studentship award from
the BBSRC.

LITERATURE CITED

Clark, D. C.; Mackie, A. R.; Smith, L. J.; Wilson, D. R.
Electrostatic Interaction Between Proteins and Their Effect
on Foam Composition and Stability. In Food Colloids; RSC
Special Publication 75; Bee, R. D., Mingins, J., Richmond,
P., Eds.; Royal Society of Chemistry: Cambridge, UK.,
1989.

Clark, D. C.,; Dann, R.; Mackie, A. R.; Mingins, J.; Pinder, A.
C.; Purdy, P. W,; Russell, E. J.; Smith, L. J.; Wilson, D. R.
Surface Diffusion in Sodium Dodecyl Sulfate-Stabilised Thin
Liquid Films. J. Colloid Interface Sci. 1990, 138, 195~2086.

Clark, D. C.; Wilde, P. J.; Wilson, D. R. Destabilisation of
a-Lactalbumin Foams by Competitive Adsorption of the
Surfactant Tween 20. Colloids Surfaces 1991a, 59, 209—
223.

Clark, D. C.; Wilde, P. J.; Wilson, D. R. The Effect of
Pre-isomerised Hop Extract on the Properties of Model
Protein Stabilised Foams. J. Inst. Brew. 1991b, 97, 169—
172.

Clark, D. C.; Wilde, P. J.; Wilson, D. R.; Wiistneck, R. The
Interaction of Sucrose Esters with S-Lactoglobulin and
B-Casein from Bovine Milk. Food Hydrocolloids 1992, 6,
173-186.

Clark, D. C.; Wilde, P. J.; Bergink-Martens, D. J. M.; Kokelaar,
A, J.J,; Prins, A. Surface Dilational Behavior of a Mixture
of Aqueous 3-Lactoglobulin and Tween 20 Solutions. In Food
Colloids and Polymers: Stability and Mechanical Properties;
Dickinson, E., Walstra, P., Eds.; Royal Society of Chemis-
try: Cambridge, UK., 1993.

Clark, D. C.; Wilde, P. J.; Marion, D. The Protection of Beer
Foam Against Lipid-induced Destabilisation. J. Inst. Brew.
1994, 100, 23—25.

Coke, M.; Wilde, P. J.; Russell, E. J.; Clark, D. C. The Influence
of Surfactant Composition and Molecular Diffusion on the
Stability of Foams Formed From Protein/Surfactant Mix-
tures. J. Colloid Interface Sci. 1990, 138, 489—504.



300 J. Agric. Food Chem., Vol. 43, No. 2, 1995

Courthaudon, J.-L.; Dickinson, E.; Matsumura, Y.; Clark, D.
C. Competitive Adsorption of -Lactoglobulin + Tween 20
at the Oil-Water Interface. Colloids Surfaces 1991, 56, 293—
300.

Daftary, R. D.; Pomeranz, Y.; Shogren, M.; Finney, K. F.
Functional Bread-making Properties of Wheat Flour Lipids.
Food Technol. 1968, 22, 297—330.

Dreher, M. L. Conventional and Unconventional Dietary Fiber
Components. In Handbook of Dietary Fibre—An Applied
Approach; Dekker: New York, 1987.

Ewers, W. E.; Sutherland, K. L. The Role of Surface Transport
in the Stability and Breakdown of Foams. Aust. J. Sci. Res.
Ser. 1952, A5, 697-710.

Gramshaw, J. W. Phenolic Constituents of Beer and Brewing
Materials IV. Further Observations on Anthocyanogens and
Catechins as Haze Precursors in Beer. J. Inst. Brew. 1969,
75, 61—83.

Halling, P. Protein-Stabilised Foams and Emulsions. CRC Rev.
Food Sci. Nutr. 1981, 15, 155—203.

Husband, F.; Wilde, P. J.; Clark, D. C.; Marion, D. A Com-
parison of the Foaming and Interfacial Properties of Two
Lipid Binding Proteins From Wheat in the Presence of
Competing Surfactant. In Food Macromolecules and Col-
loids; RSC Special Publication; Dickinson, E., Lorient, D.,
Eds.; Royal Society of Chemistry: Cambridge, UK., 1994,
in press.

Kokelaar, J. J.; Prins, A.; De Gee, M. A New Method for
Measuring Surface Dilational Modulus of a Liquid. /.
Colloid Interface Sci. 1991, 146, 507—511.

MacRitchie, F.; Gras, P. W. The Role of Flour Lipids in
Breadmaking. Cereal Chem. 1973, 50, 293-302.

McManus, J. P.,; Davis, K. G.; Beart, J. E.; Gaffney, S. H,;
Lilley, T. H.; Haslam, E. Polyphenol interactions. Part 1.
Introduction: some observations on the reversible complex-
ation of polyphenols with proteins and polysaccharides. oJ.
Chem. Soc., Perkin Trans. 2 1985, 1429—1438.

Porter, L. J. Tannins. In Methods in Plant Biochemistry, Vol.
1—Plant Phenolics, Harborne, J. B., Ed.; Academic Press:
New York, 1989.

Sarker et al.

Ricardo-da-Silva, J. M; Cheynier, V.; Souquet, J.-M.; Moutou-
net, M.; Cabanais, J.-C.; Bourzeix, M. Interaction of Grape
Seed Procyanidins with Various Proteins in Relation to
Wine Fining. J. Sci. Food Agric. 1991, 57, 111-125,

Sanderson, G. W. The Chemistry of Tea and Tea Manufactur-
ing. In Structural and Functional Aspects of Phytochemistry,
Recent Advances in Phytochemistry, Vol. 5; Runeckles, V.
C., Tso, T. C., Eds.; Academic Press: New York, 1972.

Sekiya, J.; Kajiwara, T.; Monma, T.; Hatanaka, A. Interaction
of Tea Catechins with Proteins Formation of Protein Pre-
cipitate. Agric. Biol. Chem. 1984, 48, 1963—1967.

Swain, T. The Tannins. In Plant Biochemistry; Bonner, J.,
Varner, J. E., Eds.; Academic Press: New York, 1965.

Tornberg, E.; Lundh, G. A Study of the Surface Enlargement
in the Drop Volume Method and its Relation to Protein
Adsorption at the A/W and O/W Interface. J. Colloid
Interface Sci. 1981, 79, 76—84.

Velev, O. D.; Nikolov, A. D.; Denkov, N. D.; Doxastakis, G.;
Kiosseoglu, V.; Stalidis, G. Investigation of the Mechanisms
of Stabilisation of Food Emulsions by Vegetable Proteins.
Food Hydrocolloids 1998, 7, 55—71.

Wilde, P. J.; Clark, D. C. The Competitive Displacement of
B-Lactoglobulin by Tween 20 from Oil-Water and Air-Water
Interfaces. J. Colloid Interface Sci. 1998, 155, 48—54.

Wong, E. Plant Phenolics. In Chemistry and Biochemistry of
Herbage; Butler, G. W., Bailey, R. W., Eds.; Academic
Press: New York, 1973.

Received for review July 19, 1994. Accepted November 1,
1994.®

JF940403G

® Abstract published in Advance ACS Abstracts, De-
cember 15, 1994.



