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Abstract

Differently homogenised and HTST-heated milk (3.5% fat) was foamed at temperatures between 4 and 60 °C. Foaming was achieved by air
injection through fritted glass. Initial foam density, drainage and corresponding bubble size were analysed. Transmission electron microscopic
(TEM) images completed the study. The studies showed that whole milk was better foamable between 50 and 60 °C than at lower temperatures.
This was mainly due to the completely liquid milk fat and the increased protein adsorption at the air—serum interface. The resulting bubbles of
these two foams maintained their spherical shape also for 20 min of draining. However, the average bubble diameter and the drainage mass in
relation to the initial foam mass increased from about 20 g/100 g after 1 min to about 80 g/100 g after 20 min. It was surprising to learn that milk
homogenisation and corresponding fat globule size had only marginal effect on foam formation and stability. TEM images suggested that the
air—serum interface consisted mainly of protein monomers and oligomers, while casein micelles were not directly adsorbed. The membrane of
the homogenised fat globules was destroyed near the interface and coalesced liquid fat formed a restricted film on the bubble that was obviously

of minor importance for the foam properties.

© 2007 Swiss Society of Food Science and Technology. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

A diverse range of foods are aerated using a similarly
varied assortment of processing methods. However, not all is
known about aerated systems which consist of many different
types of molecules (Campbell & Mougeot, 1999; Dickinson,
1992; Leser & Michel, 1999). This is also valid for the varied
applications of milk foams which became more and more uti-
lized, in particular as topping on popular coffee beverages
such as cappuccino. The foaming properties of milk have
been studied since the beginning of the last century, but the
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aim of this early work was to decrease foam formation during
milk processing (Rahn, 1922; Siedel & Hesse, 1900). Al-
though this problem still exists, most of the papers published
during the last three decades have dealt with foams of isolated
milk proteins (Clarkson, Cui, & Darton, 1999a, 1999b;
Damodaran, 2005; Damodaran & Paraf, 1997; Dickinson,
2003; Graham & Phillips, 1976; German & Phillips, 1994;
Halling, 1981; Kinsella & Phillips, 1989; Walstra & de
Roos, 1993), and with fat-stabilized whipping cream (Besner
& Kessler, 1998; Brooker, 1990; Brooker, Anderson, &
Andrews, 1986; Buchheim, 1991; Smith, Goff, & Kakuda,
2000; Stanley, Goff, & Smith, 1996), or ice cream (Berger,
1997; Buchheim, 1998; Goff, 1997, 2003).

Only a few authors have studied the complex interactions of
the different milk proteins and the resulting properties of milk
foams. Ward, Goddard, Augustin, and McKinnon (1997)
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reported that the addition of Ca chelating agents to milk in-
creased foam volume but had no clear effect on foam stability.
Addition of Ca to skim milk depressed foam formation. Obvi-
ously, the increase in serum protein (non-micellar protein) on
addition of EDTA to milk contributed to improved foaming
properties by increasing the availability of the proteins for
formation of the primary air—serum interface.

The first electron microscopic images of the bubble surface
in milk led to the assumption that it consists of a two-
dimensional network of casein micelles (Mulder & Walstra,
1974). Brooker (1985) showed that the attachment of casein
micelles to the interfacial layer was reversible. B-Lactoglobulin,
a-lactalbumin and B-casein seem to be the main constituents of
the interface (Brooker, Anderson, & Andrews, 1986). The
stability of these protein-stabilized foams may be influenced
by adsorption of other milk constituents, in particular emulsi-
fied milk fat (Brooker, 1993).

Foaming of fat-containing milk was mainly carried out at
temperatures where both crystallised and liquid fractions
were present within the fat globules that favoured partial coa-
lescence by mechanical input. Anderson and Brooker (1988)
found that in the range of 5—15 °C the ease of foam formation
(foaming rate) decreased as fat content (0—1.5%) and temper-
ature increased. However, changing the temperature from 5 to
15 °C had little effect on the collapse rate in spite of the large
change in liquid fat content. Prins (1986) claimed that spread-
ing of liquid fat at the interface and local thinning of the protein
film followed adsorption resulting in less stable lamellae and
collapsing bubbles. The effect of a foaming temperature above
20 or 37 °C, where the milk fat is predominantly or completely
molten, has been analysed rarely until now. That is also valid
for the effect of milk homogenisation. Hoffmann, Wieczorek,
and Borcherding (2002) foamed differently processed samples
of the same batch of raw milk with customary devices at 50 and
70 °C. They showed that homogenised milk fat (max. 3.5%)
reduced the attainable foam volume, but had no negative effect
on the foam stability. Unfortunately, the various published
foaming results are hardly comparable because different
foaming devices and conditions were used in each instance.

The objective of the present work was to investigate the
effect of milk homogenisation and foaming temperature on
properties and microstructure of foams prepared from pasteur-
ised whole milk. The studies on hand focused mainly on the
influence of fat globules on whole milk foams. The foaming
properties of the milk proteins were not considered in detail.
Foaming was achieved by air injection through fritted glass
without additional mechanical treatment.

2. Materials and methods
2.1. Preparation of whole milk samples

Raw milk was obtained from the experimental farm of the
Federal Research Centre for Nutrition and Food, Kiel. After
skimming in a separator (Westfalia, Oelde, Germany) at
45 °C, the milk was adjusted to 3.5% fat by mixing skim
milk and cream. This whole milk was homogenised at 50 °C

using different pressure conditions (unless otherwise stated
200/50 bar in a two-stage device of APV, Unna, Germany)
and subsequently pasteurised (high-temperature short-time
(HTST-) heated at 73 °C for 20 s using a plate heat exchanger
of APV, Unna, Germany). All batches were filled into auto-
claved glass bottles (1 1) with screw caps and stored at 5 °C.

2.2. Characterisation of milk samples

2.2.1. Apparent viscosity and surface tension

Apparent viscosity of the milk samples was determined at
50 °C using a rheometer (UDS 200, Physica Messtechnik,
Stuttgart, Germany), equipped with a cone and plate geometry.
After a pre-shear (20 s) and an equilibration time (60 s), a flow
curve with increasing and decreasing shear rate (50 to
1000 s, 20 measurement points, each for 5 s) was recorded.
The viscosity was calculated on the basis of the data points in
the linear area (800—1000 sfl) and determined in duplicate.

Double surface tension measurements were performed at
4—20 °C after an equilibration period of 20 min using the Pen-
dant Drop Method (Drop Shape Analysis System 10 Mk2, and
software DSA 1, Kriiss, Hamburg, Germany). The surface
tension (o) between 30 and 60 °C could only be calculated
according to a formula of Houska et al. (1994):

c=474%107%-9.02%10°t—3.79% 10"

The formula is based on empirical data (0—80 °C) from four
different experimental studies. It considers thermal changes such
as denaturation of whey proteins. The calculated surface tension
data above 20 °C were used as a qualitative impression only.

2.2.2. Measurement of the particle size distribution

The particle size distribution in whole milk was analysed by
a laser diffraction spectrophotometer (Coulter LS 230, Beck-
man Coulter, Krefeld, Germany). The fat globule diameter
was calculated with the refraction indices of Hinrichs (1994).

2.3. Foaming apparatus

The foaming apparatus (Fig. 1) was a further development
of the equipment described by Fains, Bertrand, Baniel, and
Popineau (1997), Ralet and Gueguen (2001), Waniska and
Kinsella (1979), and Yu and Damodaran (1991). It consisted
of a double-walled glass body that allowed control to a chosen
temperature. The milk was foamed by constant injection of
compressed air (4 1/h) through a porous glass frit (pore diam-
eter 9—15 pm) at the bottom of the glass body. The foam
developed in a volumetric glass flask positioned above. After
foam formation of 200 cm3, the foam-filled flask was closed
with a stopper, removed from the double-walled glass body
and taken to a funnel with a glass membrane (pore diameter
90—150 pm) for determination of characteristic foam proper-
ties. Each foaming experiment was carried out in triplicate.
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Fig. 1. Configuration and operating mode of the foaming apparatus.

2.4. Characterisation of milk foam properties

2.4.1. Foam density and drainage

The foam density was determined immediately (¢ =0 min)
after formation of 200 cm® foam by weighing the filled (and
empty) flask and was calculated according to the formula:

. 3 masSfoam [g]
density,,m [g /cm ] = volumen [om?] fom]

Determinations were performed in triplicate. The coeffi-
cient of variation in the studies on hand was less than 5%.

For drainage measurements, the foam-filled (200 cm?) glass
flask was carefully put on a funnel with a glass membrane that
was located above another flask on a pair of scales. The
amount of drainage having dropped into this flask was
recorded and related to the initial foam mass (g/100 g). Deter-
minations were performed in triplicate.

2.4.2. Image analysis of foam bubble size distribution

Image analysis enabled a detailed view of the foam struc-
ture and an analysis of the time-dependent bubble size distri-
bution. All pictures were captured with a digital microscope
camera (DMC 1, Polaroid Corp., Cambridge, MA, USA) in-
cluding a macro zoom lens (10x, f=20—200 mm, F 5.6,
EHD Imaging, Damme, Germany). Images were digitised
with the software Image-Pro Plus Version 4.1 (Media Cyber-
netics, Silver Spring, MD, USA). The photos of the foam bub-
bles were taken after 1 and 20 min. The segmentation of the
image occurred with the threshold function, and a watershed
transformation enabled the separation of touched bubbles.
Only complete bubbles were analysed. The diameter (d) was
calculated from at least 200 bubbles of each foam sample.
For evaluating the bubble size distribution, the data were
divided into classes from 0.0 to 1.0 mm (class order

(x) =0.1 mm) and the percentages as well as their standard
deviation within the classes were calculated on the basis of
triplicate experiments.

2.4.3. Electron microscopy

A transmission electron microscope (TEM, Tecnai 10, FEI
Company, Eindhoven, Netherlands) was used for the analysis
of the internal structures of milk foams. Jet-freezing (Cryo-jet
JFD 30, Bal-Tec, Liechtenstein) was chosen for the prepara-
tion of the foams. About 1 pl of foam was placed on a grid
(gold, 7 pm thick, 400 mesh, Bal-Tec No. LZ 01859 KN)
placed between two specimen carriers (copper, Bal-Tec No.
LZ 02131 VN and LZ 02132 VN). One of them had a small
cavity to prevent destruction of the foam. This sandwich was
immediately frozen in the apparatus by a jet of liquid propane.
The frozen samples were stored in liquid nitrogen. In the next
step, the samples were fractured using the device for cryo-jet
sandwiches and replicated in a Balzers BA 360M (Balzers,
Liechtenstein). The replica were examined in the TEM at
80 kV (Schrader, Buchheim, & Morr, 1997).

3. Results and discussion
3.1. Influence of the foaming temperatures (4—60 °C)

Formation and stability of the whole milk foams depended
strongly on the foaming temperature. Foams prepared at
a milk temperature between 4 and 30 °C were largely unsta-
ble; their air bubbles collapsed within a few minutes. Foaming
at 20 °C led to a completely inadequate formation of bubbles
and no foam analysis was feasible. Surprisingly, the foam pre-
pared at 10 °C had the highest initial density of about 0.19
g/cm? (Table 1). The density of the foams produced at 40—60 °C
was slightly smaller (0.17—0.18 g/cm?®). Digital images
(Fig. 2) showed that the foam made at 30 °C consisted of large
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Table 1

2039

Effect of foaming temperature on selected properties of liquid and foamed homogenised and HTST-heated whole milk

Foaming Apparent pH Surface Foam density Number average diameter of foam Drainage/initial foam
temperature viscosity® value tension® (g/cm3) bubbles d;y (mm) (g/100 g)

“C) (mPas) (mN/m) After 1 min After 20 min After 1 min After 20 min
4 3.9 6.75 47.0 0.130 £0.013 n.d. n.d. 53+11 95+1

10 4.0 6.67 46.5 0.188 +0.002 n.d. n.d. 34+5 92+6

20 2.3 6.64 454 no foam no foam no foam no foam no foam

30 1.9 6.57 44 .4 0.149 £+ 0.002 n.d. n.d. 48 +2 96 £2

40 1.5 6.52 43.2 0.172 £+ 0.006 0.233 £ 0.006 n.d. 11+£1 83+1

50 1.3 6.46 41.9 0.170 £ 0.001 0.183 +0.001 0.300 4 0.020 21+1 77+1

60 n.d. 6.40 40.6 0.177 £ 0.002 0.135+0.011 0.258 +0.011 24 +1 80+ 1

n.d., not detected: quantity of foam bubbles was to low for statistical evaluation (see Fig. 2).
# Measurements were carried out in duplicate. Reproducible determination of milk viscosity was not feasible at 60 °C.
> Above 20 °C, the window of the measuring chamber misted up. Therefore, the surface tension between 30—60 °C was calculated according to a formula of

Houska et al. (1994).

angular bubbles after 1 min drainage. These bubbles had a di-
ameter of 1—3 mm and the corresponding lamellae of about
0.16 mm. A rise in temperature from 40 up to 60 °C resulted
in a smaller average diameter and a narrower bubble size dis-
tribution of the spherical bubbles. The d), value decreased
from 0.23 to 0.14 um (Table 1). Foams made at 50 or 60 °C
contained more than 50% air bubbles with a diameter between
0.1 and 0.2 um (Fig. 3). Drainage of these two foams in-
creased from about 20 g/100 g after 1 min to about 80
g/100 g after 20 min (Table 1). This corresponded with a dis-
tinctly larger average bubble diameter greater than 0.25 pm.
Foaming at 40 °C resulted in a drainage of more than 80
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g/100 g after 20 min. This foam had a strongly altered appear-
ance and finally consisted of large polyangular bubbles (diam-
eter 1—5mm) and smaller bubbles within the lamellae
(Fig. 2).

The homogenised and HTST-heated whole milk samples
contained small fat globules coated by milk proteins which
adjusted their hydrophilic groups to the milk serum. At
20 °C, fat globules consisted of about 20% of crystallised
and about 80% liquid fat which was obviously detrimental
to the foam formation. Above 37 °C, milk fat existed solely
in a liquid state and the fat globules were more resistant
against mechanical treatment.

.ﬁ}i‘-:%

Fig. 2. Digital images of foams from homogenised and HTST-heated whole milk in relation to the foaming temperature after 1 min (left) and 20 min (right) of

drainage; 30 °C/20 min: no foam; 60 °C/1 min: no image.
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Fig. 3. Bubble size distribution of foams prepared from homogenised and
HTST-heated whole milk with dependence on the foaming temperature after
1 min of drainage. Bubble diameter x means class from x — 0.05 mm to
x+ 0.05 mm. Results listed are mean values and standard deviations of three
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One key question is whether the large influence of temper-
ature on foam properties of whole milk is related mainly to the
skim milk phase. To approach an answer, it might be helpful to
consider the results of Borcherding, Lorenzen, Hoffmann, and
Schrader (in press). They used HTST-heated skim milk and
identical foaming conditions. The resulting foams prepared
between 4 and 20 °C were also unstable and collapsed within
a few minutes. Foams prepared between 30 and 60 °C were
stable up to 20 min. The highest initial foam density (0.22 g/
cm3) and the smallest foam bubble diameter after 20 min of
storage (djop=0.27 mm) resulted at 60 °C. Corresponding to
whole milk, the foam prepared at 10 °C had a higher density
(0.19 g/cm®) than the remaining foams. Also, drainage of the
foams prepared at 50 and 60 °C increased from about 20 g/
100 g after 1 min to about 80 g/100 g after 20 min. In sum-
mary, the properties of foams prepared from skim milk and
whole milk seem to be similar. This indicates that the fat
globules in homogenised whole milk were obviously of minor
importance for the foaming properties of the product, but may
deteriorate them at certain unfavourable foaming temperatures
(20 and 30 °C). Therefore, the skim milk phase containing the
milk protein fractions seemed to be mainly responsible for the
foaming properties. As mentioned above, the main objective
of this study was not to identify the most relevant protein
fractions for foaming.

At 40—60 °C, the milk proteins showed an accelerated
diffusion and adsorption velocity favouring the formation of
smaller foam bubbles (Damodaran & Paraf, 1997; Dickinson,
2003). This process was supported by decreasing apparent
viscosity and surface tension values of milk samples with
increasing foaming temperatures (Table 1). In addition, higher
temperatures led to an increased number of hydrophobic inter-
actions (Erdem, 2006; Jelen & Rattray, 1995). This was due to
exposure of hydrophobic groups, which were originally
inaccessible inside the globular structures of whey proteins
at temperatures below 40 °C (Dupont, 1965; Kella & Kinsella,

1988; quoted from Jelen & Rattray, 1995). The small decrease
in pH value as a result of increased foaming temperatures was
accompanied with a slightly lower protein net charge and
therefore a lower electrostatic repulsion. This resulted in
a denser structure of the proteins at the air—water interface
(Damodaran, 2005). However, during aging of the foam the
continuous drainage led to film thinning, rupture of the lamella
and coalescence of bubbles.

3.2. Influence of whole milk homogenisation

Whole milk was pumped through the double-stage homog-
enisation device and subsequently HTST-heated. The resulting
average volume-moment (d43) and volume-surface diameters
(d3y) are presented in Table 2. The variable d3, was necessary
for the calculation of the specific fat globule surface (S, =
6/d3;). On condition that the protein load is approximately
10 rng/rn2 fat globule surface (Walstra, van Vliet, & Kloek,
1995), about 27% of the protein in the whole milk (3.45
g/100 g) was adsorbed at the interface of the air bubbles after
a homogenisation with 250/50 bar was performed. A single-
stage homogenisation with 50 bar (no additional pressure in
the second stage) demanded for only half of this protein quan-
tity. The milk samples were foamed at 50 °C. Surprisingly, the
density of the foams (0.15—0.20 g/cm®) showed no clear
tendency in relation to the homogenisation pressure applied.
The same was valid for the results of drainage after either 1
or 20 min. Fig. 4 represents the corresponding distribution of
the air bubble sizes of foams of non- and strongly (250/50
bar) homogenised whole milk. After 1 min, most bubbles
had a diameter between 0.1 and 0.2 mm. Less than 5% had
a diameter above 0.4 mm. After 20 min, most of the air bub-
bles had a diameter between 0.2 and 0.4 mm, but about 45%
of the bubble sizes were above 0.4 mm. All in all, the effect
of varying fat globule sizes in whole milk on foam formation
and stability of foams prepared at 50 °C was marginal. Appar-
ently, there was sufficient milk protein available to ensure fast
and comparatively stable adsorption at the air—serum inter-
face. As far as we know, comparable studies have not been

Table 2
Effect of homogenisation on particle size and calculated characteristics of
HTST-heated whole milk

Homogenisation Average particle Calculated Estimated
pressure (bar) diameter” specific fat proportion
. . . globule surface of adsorbed
d d g
43 (um) - dsz (um) 8, (m%/kg) protein/total
protein® (g/100 g)
- 3.06 2.69 84 24
50 1.50 0.51 450 13
100/50* 0.76 0.36 630 18
200/50" 0.44 0.25 890 26
250/50" 0.39 0.24 940 27

* Double-stage homogenisation: Total pressure/pressure in the second stage.

® Measurements were carried out in duplicate.

¢ Sy =surface of dispersed phase/volume of dispersed phase = 6/ds,;
Prec = 0.93 g/em’.

4 Calculation according to Walstra, van Vliet, and Kloek (1995): =10 mg/m2
fat globule surface; milk protein content: 3.45 g/100 g.
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published. Finally, the influence of milk fat globules on the
microstructure of the milk foams was studied in more detail.

3.3. Microstructure at air—serum interface

The particle size distribution of the homogenised (200/50
bar) and HTST-heated whole milk before foaming at 50 °C
as well as the distribution of the drained liquid after foaming
was measured by laser diffraction. Virtually no difference
could be detected between the results of the processed milk
and the collected drainage up to 20 min after foaming. On
the other hand, the not-drained remaining lamellar liquid of
the foam showed continuously growing aggregates with a di-
ameter up to 100 pm (Fig. 5). Additional fluorescence micros-
copy proved that numerous fat globules (vivid yellow by Nile
red) were enclosed (Fig. 6).

7

Volume (%)

0.01 100

8_00307J

Particle diameter (um)

Fig. 5. Volume-related particle size distribution of homogenised and HTST-
heated whole before foaming and of the lamellar liquid 1, 10 and 20 min after
foaming at 50 °C. Results listed are mean values and standard deviations of
three measurements; - - - - - before foaming; —— 1 min after foaming;
— — 10 min after foaming; 20 min after foaming.

Lamellar liquid

Aggregates

Fig. 6. Fluorescence microscopic image of a fat aggregate in the lamellar
liquid of a foam prepared at 50 °C from homogenised and HTST-heated whole
milk; FK = fat globules (yellow, converted to greyscale).

The mechanism of the aggregate formation and its micro-
structure still needs further clarification. Continuous but slow
stirring of the liquid for 3 h and thinning with deionised water
did not brake up the aggregates. This induces a considerable
cohesion of the aggregate structure. The aggregates in Fig. 6
look like protein/lipid aggregates in evaporated milk
(Hoffmann, Kiesner, & Schrader, 1998). These aggregates
of fat globules and attached casein were mainly the result
of the high thermal load during product manufacture and of
protein as well as calcium enrichment after water evapora-
tion. Addition of Ca chelating agents such as sodium citrate
or EDTA dissolved these aggregates and intact single fat
globules remained. The removal of calcium led to a disinte-
gration of the globule-surrounding casein and an increase of
serum casein. Corresponding experiments should be carried
out with the not-drained lamellar liquid of the foam. Whereas
the increase of dry matter during the production of condensed
milk occurred by water evaporation, the increase of foam dry
matter was a result of continuous drainage. A second distin-
guishing mark is the high heat load of the condensed milk
and the relatively low thermal load of the foam. Therefore,
a different mechanism of aggregate formation is to be as-
sumed. Fig. 6 indicated that the fat globules are obviously
still intact inside the aggregate. The surrounding material
may consist of accumulated interface material but also of
different protein fractions which were not attached to the
interface.

TEM images of newly prepared foams showed that the
membrane of fat globules very close to the bubbles was par-
tially disrupted and liquid fat spread out on the surface of
the air bubbles (Fig. 7). Fat globules with intact membranes
were found in the serum at a distance of not less than
0.5 um to the interface. Visible proteins (casein micelles and
submicelles, denatured whey proteins) were observed near
the interface, but presumably they were not directly adsorbed.
A similar sight was observed after 20 min of drainage (Fig. 8).
Coalesced fat was still adsorbed at the bubble surface.
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Fig. 7. TEM image of a foam bubble and surrounding lamellae from homoge-
nised and HTST-heated whole milk immediately after foaming (L = air bub-
ble, La =lamella, P = visible protein structure, F = coalesced fat, FK = fat
globule).

Fig. 8. TEM images (a, b) of foam bubble(s) and surrounding lamella from
homogenised and HTST-heated whole milk 20 min after foaming (L = air bub-
ble, La =lamella, P = visible protein structure, F = coalesced fat, FK = fat
globule).

Proteins, probably casein submicelles and denatured whey
proteins, were identified again close to the interface, whereas
native casein micelles were no longer detectable. The interface
itself showed no detailed structures. Therefore, the TEM
images indicated that the air—serum interface of whole milk
foams mainly consists of protein monomers or oligomers
such as native whey proteins or non-micellar casein, which,
unfortunately, could not be seen by TEM. A film of coalesced
liquid fat partially covered the fat globule surface.

4. Conclusion

The foaming apparatus used operated with a low input of
mechanical energy. Therefore, more adsorbing affinity of indi-
vidual milk proteins was necessary at the air—serum interface
as with foaming devices under high energy supply. Most of the
proteins were dispersed in the serum phase of the whole milk,
only a small portion was part of the secondary membrane of
the homogenised fat globules. Under the conditions chosen,
whole milk was better suited for foaming between 50 and
60 °C than at lower temperatures. This corresponded with
the results of Borcherding, Lorenzen, Hoffmann, and Schrader
(in press) which used HTST-heated skim milk and identical
foaming conditions. In summary, the effect of foaming
temperature on the foaming properties was very similar with
skim and whole milk. This indicates that the fat globules in
homogenised whole milk were obviously of minor importance
for the foaming properties of the product. Therefore, the skim
milk phase with the milk protein fractions seemed to be
mainly responsible for the foaming properties. However, at
unfavourable foaming temperatures such as 20 and 30 °C,
the fat globules affected the foaming properties more visibly.
It was surprising to learn that fat globule size and resulting
total membrane area had only marginal effect on the formation
and stability of foam. Obviously, the air—serum interface is
predominantly dominated by milk protein fractions.

It may be concluded from our results that a varying but low
fat content (0—3.5%) and a varying fat globule size in
a pasteurised milk, which was foamed at 50—60 °C with a low
mechanical input, had no decisive effect on the foaming proper-
ties. The study reveals that the air—serum interface consisted
mainly of protein monomers and oligomers, while casein
micelles were not directly adsorbed. The fat globule membrane
seemed to be partly destroyed near the interface and coalesced
liquid fat formed a restricted film on the bubble surface that
was apparently of minor importance for the foam properties.
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