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The effect of monoglycerides (monopalmitin and monoolein) on the structural and topographical characteristics
of 5-casein adsorbed film at the aiwater interface has been analyzed by means of surface pres3ciaréa

(A) isotherms and Brewster angle microscopy (BAM). At surface pressures lower than thatfarakein collapse
(rf—casein attractive interactions betwegrcasein and monoglycerides were observed. At higher surface pressures,
the collapseg@-casein is partially displaced from the interface by monoglycerides. Howgw@sein displacement

by monoglycerides is not quantitative at the monoglyceride concentrations studied in this work. From the results
derived from these experiments, we have concluded that interactions, miscibility, and displacement of proteins
by monoglycerides in adsorbed mixed monolayers at theveéter interface depend on the particular protein
monoglyceride system, the interactions between film-forming components being higher for adsorbed than for
spread films. The adsorbed films are more segregated than spread films, and both collapsed protein domains and
monoglyceride domains in adsorbed films are smaller than for spread films.

Introduction technique has been used successfully for studying the properties
of mixed emulsifiers spread at the -aivater interfacé?
Two types of emulsifier or foaming agents are used in adsorbed monolayers of mixed emulsifiers are more interesting
foods: low molecular weight surfactants (LMWE: mono- and from a technological point of view. However, there exists little
diglycerides, phospholipids, etc.) and macromolecules, such asinformation about these systems so ¥ar.
proteins and some hydrocolloié8.Although low molecular The aim of this work was to analyze the effect of mono-
weight surfactants are more effective than proteins in reducing glycerides on the interfacial behavior of a model milk protein
the interfacial tension, foams and emulsions formed by such (3-casein) previously adsorbed at the-airater interface. We
surfactants are mostly unstable. This is because proteins, inwill considerer emulsifier£-casein, monoglycerides, and their
addition to lowering interfacial tension, can form continuous mixtures) adsorption, interactions, structure, and topography at
viscoelastic gel-like films around oil droplets or air cells, the interface, as related to the formation and stability of food
whereas the low molecular weight surfactant cannot form such dispersions (emulsions and foams). This paper complements
a viscoelastic filn$~® Thus, in foods that contain both low previous works on pure protei$s2° and proteir-mono-
molecular weight and macromolecular surfactants, the stability glyceride mixed monolayets adsorbed at the aiwater
of colloidal dispersed phases is primarily dependent on protein interface.
films adsorbed at fluid interfacég 11

The competitive adsorption and/or displacement between Experimental Section
LMWE and proteins at fluie-fluid interfaces has been studied ) )
in detail in several investigatiod$:1:-13 However, so far, little Chemicals. Synthetic 1-monohexadecanayle-glycerol (mono-

is known about the structure that biopolymers and LMWE adopt Paimitin, DIMODAN PA 90) and 1-monoefs-9-octadecanoyl) glycerol

at fluid interfaces, although in practice mixtures of these (Monoolein, RYLO MG 19) were supplied by Danisco Ingredients
o ! . . . i 0, i - i 0,

emulsifiers are usually used in order to achieve an optimal effect (Bralran, Denmark) with over 98% purity.f-Casein ¢ 99%) was

in food formulations. Monolayers at the aiwater interface are supplied and purified from bulk milk from the Hannah Research

interesting s Stems.for studving two-dimensional structures of Institute (Ayr, Scotland). Samples for interfacial characteristics of

amphiphiﬁc gubstancéslal“lr)l/agdition insoluble monolayers p-casein adsorbed films were prepared using Milli-Q ultrapure water

he ai . » h id f licati and were buffered at pH 7. To form the mixed surface film on a
at the air-water interiace have a wide range of applications previously adsorbeg@-casein monolayer, monoglyceride was spread

including models for dispersed systems (emulsions and f0ams).i, the form of a solution, using hexane/ethanol (9:1, v/v) as a spreading
From a fundamental point of view, interactions, orientation gqjvent. Analytical-grade hexane (Merck, 99%) and ethanol (Merck,
phenomena, and domain structure are of particular interest. In>gg9 894) were used. The water used as subphase was purified by means
addition, the development of intermolecular associations at the of a Millipore filtration device (Milli-Q). A commercial buffer solution
interface leads to alterations in surface properties that havecalled trizma ((CHOH);CNH./(CHOH):CNHsCI, Sigma, >99.5%)
measurable rheological consequentégAlthough monolayer  was used to achieve pH 7. lonic strength was 0.05 M in all the
experiments.

*To whom all correspondence should be addressed. T34 95 Surface Film Balance.Measurements of surface pressurg-{area
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10.1021/bm050733h CCC: $33.50 © 2006 American Chemical Society
Published on Web 01/17/2006
CDhVv



508 Biomacromolecules, Vol. 7, No. 2, 2006 Fernandez et al.

interface were performed on a fully automated Langmuir-type film 30 : .

balance as described previoudhBefore each measurement, the film 25] A i
balance was calibrated at 20. For protein-adsorbed films from water, m, (B-CASEIN)

a protein solution at807°to 7.510°6 % (wt/wt) was left in the trough £ 207 )
and time allowed for protein adsorption at the interface. These protein Z 154 1
concentrations were selected from previous data of the adsorption ® 104 A

isotherm?? At this protein concentration in solution, the surface pressure
at equilibrium is zero. In fact, after 24 h the surface pressuyaithe

maximum area of the trough was practically zero. At this point, the 0+ 1
monoglyceride (0.020.05 mg) was spread at different points on the o | 200 | 400 | 600 800
p-casein film. For pure adsorbed protein films, the maximum protein Area (cm?)
concentration in the bulk phase should be selected in order to obtain a 30 ’ ’ ’
reasonable rate of adsorption at the interface, but maintaining the surface B

pressure at zer.0n the other hand, for mixed films, at low protein 231 ]
concentrations in the aqueous phase we cannot observe the collapse 20+ .

point, especially for low monoglyceride concentrations. Thus, in these £ 151

experiments, we have selected optimum conditions in order to obtain %

the completer—A isotherm of the mixed film, from the more expanded = 101

monolayer (at the higher areas) to the more condensed monolayer, at 54

the collapse point (at the lower areas). Mixtures of particular mass ol

ratios—expressed as the mass fraction of monopalmikge, or : : : : : : :
monoolein,Xwo, in the mixture-were studied. The compression rate 00 02 04 06 0’28 10 12 14 16
was 3.3 crmin~1, which is the highest value for which isotherms were A (m'/mg)
found to be reproducible in preliminary experiments. TheA isotherm Figure 1. (A) z-Trough area isotherms for an adsorbed monolayer
was measured five times. The reproducibility of the results was better Of 5-casein after successive compressions: (—) 6.5 h, (O) 23 h. (B)
than+0.5 mN/m for surface pressure as®.05 n¥/mg for area. n—A isotherms for (O) adsorbed and (®) spread -casein monolayers.

. . Agqueous subphase at pH 7. Temperature 20 °C. The e of -casein

Brewster Angle Microscopy (BAM). A commercial Brewster angle is indicated by means of an arrow.
microscope (BAM), BAM2, manufactured by NFT {(@ogen, Ger-
many) was used to study the topography of the monolayer. The BAM not shown). These results demonstrate that it is possible to
was positioned over the film balance. Further characteristics of the measure reproducible-trough area isotherms for adsorbed
device and operational conditions have been described elsefifitre. ﬂ_casein mono|ayers from low protein concentration in the bulk
Measurements of the surface pressure, area, and gray level as afunctio%hase, as observed for globular protéif® This is clear
of time were carried out simultaneously by means of a device connectedgay/idence that ther-trough area isotherms obtained after long
between the film balance and the BAM. To measure the relative adsorption time have a thermodynamic character.
reflectivity (1) of the film, a previous camera calibration is neces3a#y. Since the surface concentration is actually unknown for the
Thj imaging conditions were adjl:steftlj to optimirzle both imagI;Ie quali:]y adsorbed monolayer, the values were derived by assuming
and quantitative measurement of reflectivity. Thus, generally, as the ,_. '
surface pressure or the protein content increased the shutter speed Wa]%:;%lgewle?é ?;;;ri ;/f?;u;?ll;op:szdsgirrtljtegf ?‘Qg rsn?;(;idmrggno_
also increased. This assumption can be supported by the fact that for protein
films, the equilibrium spreading pressurae), the surface

Results and Discussion pressure at the plateau for a saturatechsein adsorbed fil#
and the collapse pressure for adsorbed (Figure 1A) and
Structural and Topographical Characteristics of f-Casein spread*?6 5-casein monolayers are practically equal.
Monolayer Adsorbed at the Air—Water Interface. Figure 1A Thex—A isotherm deduced for adsorbgetasein monolayer

shows ther-trough area isotherms for an adsorbed monolayer is more condensed than that obtained directly by spreading
of f-casein after successive compressions, formed from adsorp{Figure 1B). One speculation is that a disordered protein (like
tion in solution at 5107 to 7.510°® %, wt/wt. There was a  3-casein) can be adsorbed at the interface, maintaining part of
difference in ther-trough area isotherms as a function of time its secondary and tertiary structure. However, the same protein
after protein addition to the agueous bulk phase. It can be seemrmay be more unfolded during the spreading at the interface at
that there was a shift of the-trough area isotherms toward high mass area@d.Thus, the structures of the monolayers formed
higher areas as the protein adsorption time increased. Thein the two different ways must be different, at least for
m-trough area isotherm for a first compression at 30 min of adsorption from low bulk protein concentrations. As opposed
adsorption time (data not shown) indicates that a low amount to s-casein, globular proteins show a good agreement between
of protein was adsorbed at the interface, because the surfacghe adsorbed and spread isothefiis$:22.2527 These results
pressure at the minimum area was much lower than theindicate that a globular protein maintains part of its native
equilibrium surface pressure f@rcasein fe = 20.9 mN/m)?2 structure (in the form of loops and tails) as it is spread or
The maximum surface pressure also increased with the agingadsorbed at the interface.

time. These data reveal that a long time interval of adsorption  The results of ther—A isotherms (Figure 1B) with the help
allows moref-casein to adsorb at the surface, especially from of the compressional coefficient (data not shown) deduced from
low protein concentrations in solution as those used in this work. the slope of ther—A isotherm = —dn/dA) indicate that
After 23 h of adsorption time, the-trough area isotherms after adsorbegs-casein monolayers at the awater interface adopt
successive compressions were practically coincident (data nottwo different structures or condensation states and the collapse
shown). In addition, ther-trough area isotherms at long-term phase. The surface pressure at the transition of an adsorbed
adsorption were reproducible after repeated experiments usings-casein monolayera® ~ 12.1 mN/m) is higher than for a
new aliquots of the protein in solution, for different protein spread monolayerr ~ 10 mN/m)2* At low surface pressures
concentrations in the rangeI®° to 7.5107% %, wt/wt (data (atr < 12.1 mN/m), adsorbe@i-casein monolayers exist %,SDV
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Figure 2. Visualization of -casein—monoglyceride mixed mono-
layers by Brewster angle microscopy at 20 °C. (a) This picture was
observed for pB-casein, monoolein, monopalmitin, and S-casein—
monopalmitin mixed films at 7z < 5—7 mN/m, or §-casein—monoolein
mixed films at # < z; (f-casein). (b) f-Casein aggregates at the
beginning of the compression in pure and mixed films. (c) Domains
of monopalmitin in -casein—monopalmitin mixed films at 7 = 5—7
mN/m and at Xyp = 0.5. (d) Domains of monopalmitin in S-casein—
monopalmitin mixed films at .z > 10 mN/m and at Xwp = 0.5. (€) The
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Figure 3. Relative reflectivity (arbitrary units) as a function of surface
pressure during the (A) compression and (B) expansion for an
adsorbed S-casein monolayer on buffered water at pH 7 and at 20
°C. Shutter speed (s): (O) Yso, (A) Y250.

beginning of the squeezing out of 5-casein by monopalmitin at 7 =
7 (B-casein). (f) Microdomains of monopalmitin in S-casein—mono-
palmitin mixed films at = > n; (f-casein) and at Xwp = 0.2. (Q)
Microdomains of monopalmitin in 3-casein—monopalmitin mixed films
at 4 > TTe
(B-casein) and at Xup = 0.5. (h) 8-Casein—monopalmitin mixed films
at the collapse point of the mixed film. (i) Two-dimensional foams in
[-casein—monoglyceride mixed films at 7 = 0. The horizontal direction
of the image corresponds to 630 xm and the vertical direction to 470
um.

peaks (Figure 3), which are an indication of the local hetero-
geneity of the interface at a microscopic level, are due to the
existence of isolated interfacial regions with folds or aggrega-
tions (Figure 2b) of collapsef-casein formed at the higher
surface pressures. These heterogeneities were present at the
interface during the monolayer expansion, even at the lower
surface pressures (Figure 3). The domains of collafseakein

for adsorbed monolayers (Figure 2b) were not observed for

E;?:Eituvgglr; iT;w?oh;CIS%r;ecgem?g;ssulr?ecsaégg th ;hr?“\;?r'f)rface spread monolayefd.At a microscopic level, the compressien

and up to th.ee uﬁibrium surfacpe ressure aminc; acid se }nentseXpanSion cycle was reversible, because the film adopted
P d e p ’ : 9 practically the same states (Figure 3).

are extended into the underlying aqueous solution and adopt . . .

the form of loops and tails (structuBs. The monolayer collapses Structural and Topographical Characteristics of f-Casein-

at a surface pressured—case of about 21 mN/m (Figure 1B), Monopalmitin Mixed Monolayers Adsorbed at the Air—

a value close to the surface pressure at the plateau for a saturateli/2ter Interface. Mixtures of particular mass ratiesanging

adsorbed film and the equilibrium surface pressére. between 0 and 0.5, expressed as the mass fraction of mono-

The topography (Figure 2) and, especially, the relative palmitin in the mix_ture,XMp—were studied. The amount of
reflectivity (Figure 3) as a function of surface pressure obtained SPréad monoglyceride was calculated on the basis of the mass

with adsorbegB-casein monolayers show that the domains that ©f Previously adsorbefi-casein, which was calculated form the
residues of protein molecules adopt at the-aigter interface adsortz)ledn—A isotherm. Thus, as opposed to spread mono-
appear to be of uniform reflectivity (Figure 2a), suggesting |@vers:™ for adsorbed monolayers the mixtures with mass
homogeneity in thickness and film isotropy with dust (small fractions higher tharXye = 0.5 saturate the interface, under
particles from the air) causing the only visible features. The the experimental conditions used in this work.

|- dependence (Figure 3) is characteristic for this protein and  The surface pressure as a function of the trough area for
is independent of the experimental conditions adopted, either5-caseint monopalmitin mixed films during a compression

for spread! or adsorbed monolayers (Figure 3). The relative €xpansion cycle is shown in Figure 4A. As for pieasein
monolayer thickness increases with the surface pressure and igdsorbed film, the actuak—A isotherm for S-casein +

a maximum at the collapse, at the highest surface pressure. Thénonopalmitin mixed films was derived by assunfifithat the
increase in reflected light intensity with surface pressure, and A value for adsorbed and spread monolayers was equal at the
especially at the monolayer collapse, suggests that an increasé&ollapse point (Figure 4B,C). This assumption can be supported
in the monolayer thickness from more expanded to more by the fact that the surface pressure at the collapse point for
condensed structure and a further increase at the monolaye@dsorbed (Figure 4) and spréadhixed films is practically equal
Co||apse take p|ace' At the h|ghest surface preskmdﬂ?.lo—ﬁ to that for the pure monoglyceride. This procedure and the
au, which means that for adsorb@dcasein the monolayer — comparison between adsorbed and spread isotherms are
thickness is of the same order of magnitude as for milk and illustrated in Figure 4(B and C) for two representative mass
soy globulin spread monolayers at the-airater interface® fractions of monopalmitin in the mixture.

Minor regions with reflectivity peaks were observed, even at  From ther—A isotherms fop3-caseint+ monopalmitin mixed

the beginning of the compression gat= 0 mN/m). Even for films (Figure 5A), it can be seen that there was a monolayer
a visible “homogeneous” interface (Figure 2A), the reflectivity expansion as the monopalmitin concentration in the mixture&\B%
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Figure 4. (A) Surface pressure—trough area isotherms (compres- 1
sion—expansion curves) for adsorbed -casein—monopalmitin mixed =
monolayers on buffered water at pH 7 and at 20 °C. Mass fraction of S g
monopalmitin in the mixture (X): (—) 0, (v) 0.2, (A) 0.4, and (O) 0.5. E m, B-CASEIN
(B) n—A isotherms for (v) adsorbed and (- - -) spread?! -casein— g U1Ra, N\ 1
monopalmitin mixed monolayers at X = 0.2. (C) #—A isotherms for |
(») adsorbed and (--+*+) spread 2! S-casein—monopalmitin mixed
monolayers at X = 0.4. The e of f-casein is indicated by means of g
an arrow. o 1 2z 5 4 5 o
. . . . 2 e
increased, especially at higher surface pressures. That is, the A (m'/mg monopalmitin)
m—Aisotherm is displaced toward high&as the concentration i i i
of monopalmitin in the mixture increases. At surface pressures B

higher than that fop3-casein collapse, the—A isotherm for
mixed monolayers was parallel to that of monopalmitin. These
data are in agreement with those deduced for spfeeaalsein

+ monopalmitid! and S-lactoglobulin + monopalmitif8-30
mixed films.

We present in Figure 6 hypothetical-A isotherms for mixed
monolayers calculated on the basis that only monopalmitin is
present at the aifwater interface. It must be emphasized that, . . . .
because of this assumption, in Figure 6 the area ifXthgis is 0 1 2 3 4 5 6
not the true area per unit mass of mixed film but the apparent A (m‘/mg monoolein)
area. For this reason, theaxis in Figure 5A (for true area per  Figure 6. Surface pressure—area isotherms (compression curves)
unit mass of mixed film) is different from that in Figure 6 (for ~ for adsorbed (A) f-casein—monopalmitin and (B) S-casein—monoolein
apparent area per unit mass of monoglyceride in the mixture). Mxed monolayers on buffered water at pH 7 and at 20 °C. Mass

fraction of monoglyceride in the mixture (X): (O) 0, (—) 0.2, (- - -)

We can see that, supposing that the mixed monolayers Ar€Q 4. (-++) 0.5, and (a, v) 1.0. The mass area was calculated on the

dominated by monopalmitin (Figure 6A), the-A iSotherms  pagjs that only the monoglyceride was adsorbed on the interface.

for monopalmitin angs-casein-monopalmitin mixed monolayers  The . of g-casein is indicated by means of an arrow.

at surface pressures higher than that for fheasein collapse

(rf—caseiy are practically coincident. In contrast to the above experimental conditions. These results suggest that at

data, 7—A isotherms calculated on the basis that the mixed zcaseing protein displacement by the monoglyceride from the
monolayers are dominated Ifitcasein (data not shown) are air—water interface takes place. At< sz /f~casein phothS-casein
totally different from those for pure components under all and monopalmitin coexist at the interface, and the adsorbe%w

n, B-CASEIN

7 (MN/m)
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spreadr—A isotherms (i.e., the monolayer structures) are
different (Figure 4B,C).

The interactions between film-forming components in mixed
monolayers can be studied from the point of view of miscibility
by means of the excess ar@@x: — Aexe = A — (Ar-Xg + Ay
Xz), whereA is the mass area at a given surface pressure for
the mixed monolayerA; and A, are the mass areas of pure
components, ani; and X, are the mass fractions of pure
components in the mixed monolayer. For adsorBexhsein-
monopalmitin mixed monolayers (Figure 5B), the excess area
was negative at high concentrations of monopalmitin in the
mixture Xvp > 0.2), especially at low surface pressures. These
results and those deduced fraom+-A isotherms prove that
adsorbegB-casein and monopalmitin form a mixed monolayer
at the air-water interface with attractive interactions between
film-forming components, at surface pressures lower than that
for the -casein collapserf~casein~ 21 mN/m). The attractive
interactions in the mixed film decrease with the surface pressure,
as the film-forming components adopt a similar liquidlike
structure. At the highest surface pressures, at the collapse poin
of the mixed film, immiscibility between monolayer-forming

components is deduced because the collapse pressure of mixed

monolayers is similar to that of pure monoglyceride monolayer
(Figure 5A).

The fact that, upon expansion and further compression, the
m—A isotherms were repetitive (data not shown) suggests that
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Figure 7. Relative reflectivity (arbitrary units) as a function of surface
pressure during the compression for adsorbed -casein—monopalm-
itin mixed monolayers on buffered water at pH 7 and at 20 °C.
Monopalmitin mass fraction in the mixture: (A) 0.25 and (B) 0.5. The
maximum reflectivity for monopalmitin (continuous line) and adsorbed

the protein reenters the mixed monolayer and supports the idegs-casein (discontinuous line) pure monolayers are included in plots

that the protein remains underneath the monoglyceride film
either through hydrophobic interactions between protein and
lipid or by local anchoring through the monoglyceride lay/ét.3!
However, for adsorbed-casein-monopalmitin mixed mono-

layers, a first-order-like phase transition was observed upon the

(A) and (B). Shutter speed (s): (O) Yso, (&) Y2s0.

small liquid condensed domains of monopalmitin (dark circle)
floating over a sublayer of collapsed residueg-@iasein (bright
region). However, the topography of the mixed film also proves

monolayer expansion (Figure 4A) at surface pressures close g existence of some degree of interactions between film-

the equilibrium surface pressuref@tasein-with a degenerated
plateau in ther—A isotherm. Interestingly, this plateau is more
evident and more extended at higher concentrations of mono-
palmitin in the mixture. This result suggests that the readsorption
of previously displace@-casein has a kinetic charactéryhich

was not evident for spread mixed fillds.Moreover, the
readsorption of previously displacgecasein is hindered as the
concentration of monopalmitin in the mixture increases.

The evolution with the surface pressure of BAM images
(Figure 2) and relative reflectivity (Figure 7) gives comple-
mentary information, at a microscopic level, on the structural
characteristics and interactions of adsorlfedasein-mono-
palmitin mixed monolayers, as deduced framA isotherms
(Figure 5). Briefly, the results reported here suggest that, in
pB-caseir-monopalmitin mixed films, islands of protein and
monoglyceride do exist at the aiwater interface, but the
interactions between them depend on the surface pressure an
the composition of the mixed film. At < sz f~casein g mixed
monolayer of monopalmitin ang-casein may exist (Figure 2c)
with small domains of monopalmitin (with a liquid condensed
structure atzr > 5 mN/m) uniformly distributed on the
homogeneoug-casein layer. The circular domains of liquid

forming components, because the size of monopalmitin liquid
condensed domains in the mixed film are smaller than that for
a pure monopalmitin monolayétIn addition, both regions are
not clearly separated because of some miscibility between them,
a phenomenon that was not observed for spread mixed films.
Another topographical characteristic of the adsorbed film (not
observed in spread mixed fif) was the presence of short
fractures in the monolayer at the collapse point of the mixed
film (Figure 2h), which are characteristic of proteimono-
glyceride adsorbed film¥. Finally, after the expansion at ~

0, the monolayer undergoes breaking of the collapse structure
up to a 2D foam structure (Figure 2i).

These results have shown that over the entire range of
existence of the mixed film the monolayer presents some
heterogeneity, because domains of monopalmitin/agesein
residues are present during the monolayer compression
dxpansion cycle, givintypeaks of collapsed-casein with high
relative film thickness (Figure 7). Interestingly, the reflectivity
of the mixed film atr > zf~caseinjs higher than that for pure
monopalmitin (Figure 7). These results strengthen the hypothesis
that for adsorbe@-casein+ monopalmitin mixed films some
degree of attractive interactions between film-forming compo-

condensed monopalmitin were more numerous as the surfacenents do exist at a microscopic level, giving a mixed film with

pressure increased (Figure 2d). At the collapse poifitcdsein,
a characteristic squeezing out phenomenapeafasein by
monopalmitin was observed (Figure 2e). At xfcasein the
mixed monolayers were practically dominated by monopalmitin

greater thickness compared with those of pure components. At
m < mfcasein the segregation between LC monopalmitin
domains angb-casein gives a mixed film with lower thickness
compared with those of pure components.

molecules. That is, at higher surface pressures, collapsed Structural and Topographical Characteristics of f-Casein-

pB-casein residues (bright region) may be displaced from the
interface by monopalmitin molecules. This squeezing out
phenomenon is observed in BAM images (Figure 2f,g) with

Monoolein Mixed Monolayers Adsorbed at the Air—Water
Interface. The structural characteristics of adsorlfedasein-
monoolein mixed monolayers were essentially different fregv
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curves) for adsorbed B-casein—monoolein mixed monolayers on pressure during the compression for adsorbed j-casein—monoolein
buffered water at pH 7 and at 20 °C. Mass fraction of monoolein in mixed monolayers on buffered water at pH 7 and at 20 °C. Monoolein
the mixture (X): (0) 0, (—) 0.2, (- - -) 0.4, (-+++-- ) 0.5, and (¥) 1.0. (B) mass fraction in the mixture: (A) 0.25 and (B) 0.5. The maximum
Area as a function of mass fraction of monoolein in the mixture (Xuo) reflectivity for monoolein (continuous line) and adsorbed S-casein
and surface pressure (mN/m): (0) 5, (O) 10, (a) 15, and (v) 20. The (discontinuous line) pure monolayers are included in plots (A) and
e of p-casein is indicated by means of an arrow. (B). Shutter speed (s): (O) Yso, (4) Yaso.
those of monopalmitin in the mixture, as deduced framA monoolein angb-casein molecules adopted an isotropic structure

isotherms (Figure 8A) and excess area (Figure 8B). Briefly, as in the mixed monolayer with some white regions, which
expected! B-caseir-monoolein mixed films (Figure 8) at  correspond to the presence of a thick®casein collapsed
surface pressures lower than thatfecasein collapser/—casein monolayer. At the higher surface pressures, and especially at
= 21 mN/m) adopt a liquidlike expanded structure, as for pure the collapse point, the topography of the mixed monolayer was
components. There was a monolayer expansion due to thedominated by the presence of small domains of collapsed
presence of monoolein in the mixture. At> mfcasein the pB-casein and monoolein at the interface.
m—A isotherm for mixed monolayers was practically parallel These results and those fércasein+ monopalmitin mixed
to that of monoolein. At these experimental conditions, the films prove that at a microscopic level (Figure 2) (i) some degree
hypotheticalz—A isotherms for mixed monolayers calculated of interaction between monoglycerides ghdasein in adsorbed
on the basis that only monoolein is present at the-amter films does exist at the aitwater interface, and (ii) a monoglyc-
interface tend to that of pure monoolein monolayer (Figure 6B). eride monolayer spread on a previously adsoybedsein film
From the point of view of miscibility (Figure 8B), the excess was unable to completely displagecasein molecules from the
area was practically zero at low concentrations of monoolein air—water interface, even at the highest surface pressures.
in the mixture, but it falls to negative values at higher monoolein  The l—z plots for the adsorbed-casein-monoolein mixed
concentrations in the mixed film, especially at low surface monolayers are shown in Figure 9. These results are essentially
pressures. However, the excess area was lower compared witlsimilar to those recorded for adsorb@easein-monopalmitin
pB-casein-monopalmitin mixed films (Figure 5B). These results mixed monolayers (Figure 7). Thus, the same reasoning as above
prove the existence of minor attractive interactions between can be applied here.
monoolein andg3-casein at the airwater interface, especially Displacement of Adsorbedf-Casein by Monoglycerides
at the lower surface pressures. At the highest surface pressuredrom the Air —Water Interface. The displacement of adsorbed
at the collapse point of the mixed film, immiscibility between g-casein by monoglycerides from the -awater interface
monolayer-forming components is deduced because the collapselepends on the protetrmonoglyceride system. From the
pressure of mixed monolayers is similar to that of pure hypothetical isotherms shown in Figure 6, we define a displace-
monoolein monolayer (Figure 8A). ment surface pressurerd) as the minimum surface pressure
BAM images for adsorbed3-caseir-monoolein mixed above which thex—A isotherms for monoglyceride and
monolayers (Figure 2a) were different from those described monoglyceride-protein mixed monolayers are coincident. Thus,
above for adsorbefl-caseir-monopalmitin mixed monolayers  at low sy, protein displacement by the monoglyceride is
(Figure 2). In fact, atmr < mf—casein (=21 mN/m), the facilitated. In Figure 10, we show they as a function of the
topographies of pure components and the mixed monolayer aremixture composition for differents-caseir-monoglyceride
practically identical, because in this region, both components mixed films. At low monoglyceride concentration ¢at= 0.2),
and the mixed monolayer form an isotropic (homogeneous) the 5-casein displacement is easier for monoolein than for
monolayer without any difference in the domain topography monopalmitin. In fact, under these conditions, it is necessary
(Figure 2a). At surface pressures near and afterasein to compress the mixed film up to thee value of the
collapse, BAM images (data not shown) demonstrated that monoglyceride, which is higher for monopalmitin than 1‘85\/
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" ' ' ' ' ' displaceds-casein (ors-lactoglobulin) is slower for adsorbed
501 than for spread films. These results have direct relevance to
product processing (specially for foam formation and stabiliza-
= 40 tion), as a model study for extrapolation to more complex real
> systems (food foams and emulsions), in the specific areas of
TE; 30 . biopolymer science and biological and biomedical physico-
. BC chemistry and physiology (i.e., for pulmonary surfactant
204 S systems$2-34 and in general for understanding interactions of
. : : : : . lipids with proteins.
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