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Abstract

Organic milk is used more and more by consumers to froth milk that is used e.g. for the preparation of a
cappuccino. Frequently, organic milk turns out not to foam properly. Here we report on a study to find
the main cause of this bad foamability of organic milk. The focus of the research was to get insight in the
foaming behavior of a specific brand, which we will indicate as A. We tested the foamability and stability
of different commercial milk, both organic and regular, as well as skimmed, semi-skimmed, and full fat.
The foamability of the different milk varieties appeared to be about equal. However, differences were
observed for the foam stability. No clear relation could be observed between foam stability and fat
content (skimmed vs. semi-skimmed vs. full-fat) and/or type (regular vs. organic). However, foams
made from A showed the lowest stability of all tested milk varieties. The reason for this is not yet clear,
but the bad foam stability of this milk might be probably due to a higher free fatty acid content.
Considering the focus of this project, we did not investigate the differences between various milk
varieties in more detail, but focused on the foaming properties of milk A. Therefore, we measured the
foamability and foam stability of semi-skimmed and whole milk A purchased in the local stores of
Wageningen, the Netherlands, in the period from September 2011 till January 2012. The surface tension,
protein content, dissolved casein content, fat content, average fat globule size and free fatty acid content
and composition were determined and compared to the foaming properties.

Only one whole and two semi-skimmed organic milk samples were found that showed a lower foam

stability than average. This is in line with the low number of complaints in this period. No relation in
foaming properties and difference in season (meadow/summer versus stable/winter period) could be
observed.

No correlation was found between surface tension and foaming properties. Also no correlation was found
between the protein content and the foaming properties. For dissolved casein only a weak correlation
with foamability was observed for whole milk and not for semi-skimmed milk. The reason is not clear yet
and needs further investigation.

No correlation was found between the fat content and foaming properties. This might be due to the fact
that the frothing took place at 56°C. At this temperature there are no fat crystals present in the fat
globule that could pierce the fat globule membrane so that liquid fat can be released and cause
coalescence of air bubbles.

A weak correlation was found between the fat globule diameter and foamability for semi skimmed milk.
Very weak correlations were found between fat globule size and both foamability of whole milk and foam
stability of semi skimmed milk. No correlation was found between the foam stability and fat globule size
for whole milk A.

It is expected that foaming properties are negatively influenced by free fatty acids (FFA). This was
supported by our experiments where we added small amount of linoleic acid (C18) to various milk
varieties. However, we also determined FFA content and composition of different milks. In these
experiments, no correlation was observed between free fatty acids content and foamability. The reason
for this is no clear and also needs further investigation.

Concluding, no clear relation between foaming properties of organic semi-skimmed and whole milk A and
determined compositional parameters could yet be observed. Therefore, although there are indications
that the amount of free fatty acids are negatively related to foaming properties of milk, no clear cause
for the occasionally bad foaming properties of organic milk could yet be identified. One of the main
reasons for this outcome is that only very few milk samples were found with significant worse foaming
properties. Another reason might be that the studied samples were commercial bulk milk of which the
history concerning technological and heat-treatments was unknown. For a better mechanistic
understanding of the role of milk composition on foaming properties, both the temperature and process
history should be known or controlled.
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1. Introduction

More and more consumers use organic milk to prepare milk foams, e.g. as
topping on a cappuccino. Frequently organic milk does not foam properly. The
reason for this is unclear. The organic sector would like to solve this problem of
bad foamability of organic milk because it hinders growth of the organic dairy
market.

From preliminary research it seems likely that the occasionally bad foamability of
organic milk is not related to the production process and homogenization
pressure. Furthermore, it seems that the bad foaming properties of organic milk
are observed more frequently when the cows are inside during the stable-period.
Questions that the organic sector would like to have answered include: what is
the main cause of the foamability problem of organic milk, why is there such a
large variability in the foamability of organic milk, and how can the foamability
problem of organic milk be solved? Here we report on a study to find answers to
these questions. We focuses on the foaming behaviour of a specific brand which
we will call A.

1.1 Milk foam
A foam is a dispersion of gas bubbles in a liquid. A foam has a large interfacial
area. The making and maintaining of this large interfacial area costs energy.
Because a system tries to minimize its total energy, foams suffer from
deterioration. Three phenomena can be identified: i) coalescence, where two
bubbles (of which one may be the environment) merge due to rupture of their
separating films, ii) creaming or drainage, where the liquid drains to the bottom
and the air bubbles cream to the top due to gravity and their differences in
density, and iii) disproportionation, where gas diffuses from small bubbles to
large bubbles (or the environment) due to differences in the so-called Laplace
pressures of the bubbles.

In general one distinguishes the formation and the (long term) stability of a foam
or bubble. It is generally believed that the formation of foam is directly related to
the adsorption properties of the surfactants in the solution, while the stability is
related to the rheological properties of the interface. For good foaming
properties, surfactants should adsorb fast enough to the air/water interface in
order to minimize the interfacial energy (Bos et al. 2001) and to prevent the
formed gas bubbles from collapsing and coalescing (Kinsella 1981). Furthermore,
the surfactants should form strong, elastic interfaces that minimize coalescence
and disproportionation (Dickinson et al. 1989). These properties strongly depend
of the components present.

Milk contains various surfactants that can influence the foaming behaviour both
positively and negatively. Milk contains low molecular and high molecular weight
surfactants. Low molecular weight surfactants (LMWS), like free fatty acids



(FFA), monoglycerides, and diglycerides are mostly found in the fat phase. Fat is
present in fat globules that are surrounded by a fat globule membrane, which
consists of phospholipids. The serum phase also contains a small quantity of
peptide fragments. High molecular weight surfactants (HMWS) in milk are the

whey proteins, like B-lactoglobulin and a-lactaloumin, and the casein fractions,
like ag;-, Gs2-, B- and k-caseins (Dickinson 1989, Brooker et al. 1986).

Despite the amount of research performed on the formation and stability of
foams, there are still no generic rules that describe the foaming properties of
multicomponent foams that consist of various ingredients and different types of
surfactants like milk.

For example, although FFA adsorb fast and lowers interfacial tension quickly,
their presence in milk has a negative effect on the foaming properties. This is
due to the fact that FFA can displace proteins from the air/water interface,
thereby destabilizing the interface (Kamath S. 2008).

Furthermore, the different proteins present in the milk have different chemical
and physical properties, like adsorption rate, adsorption energy, surface
rheology. Therefore, the foaming properties of the milk will depend on the
concentrations of the different surface active components (Dickinson, 2010,
Zhang, 2003, Prins, 1999, Graham & Phillips, 1975, Cornec et al. 1996, Mackie
A.R., 2000).

Fat content has also a strong effect on the foaming properties of milk. Even small
volumes of fat may negatively influence foamability when a foam is formed at a
temperature of 10-40°C (Huppertz, 2010). In this temperature range a part of
the fat is liquid and a part is crystalized. The fat crystals can pierce the fat
globule membrane resulting in liquid fat being released and spreading along the
air/water interface. This leads to bubble coalescence. Therefore, foaming should
preferably be performed at temperatures above 40°C. Another way to prevent
rupture of the fat globule membrane by fat crystals is homogenization of the
milk. Homogenization reduces the size of the fat globule and fat crystals. After
homogenization the newly formed fat globule membrane consist of casein
micelles and more difficult to be pierced by the fat crystals (Huppertz, 2010).

Also the competitive adsorption of both MLWS and proteins can have a
destabilizing effect. LMWS mainly stabilize foams via the Gibbs-Marangoni
mechanism because they form a fluid-like or viscous interface. Proteins mainly
stabilize foams by forming strong viscoelastic, immobile adsorbed layers (Chen,
1995). When both LMWS and proteins adsorb, gradients in surface tension might
cause film thinning of the protein film, which will finally result in film rupture
(Wilde, 2004). Furthermore, also the drainage rate will increase with increasing
amounts of adsorbed LWMS with respect to proteins, because in that case the
interface becomes more fluid-like.


http://en.wikipedia.org/wiki/Gradient
http://en.wikipedia.org/wiki/Surface_tension

Milk is a natural product. Therefore the concentration of the various components
present in milk that effects foaming properties will fluctuate with e.g. season,
breed, stage of lactation, and feed (Holden et al, 1966). Furthermore, due to the
presence of enzymes and micro-organisms in milk, the composition and thus
foaming properties might also change during storage.

1.2 Compositional difference between organic and regular milk
Generally, cows that deliver regular milk graze more inside and are fed with
higher amounts of concentrate than cows that deliver organic milk (Gustafson,
2003). This difference in feed will lead to a difference in free fatty acid
composition between organic and regular milk (Molkentin, 2007, Couvreur et al.
2006, Ferlay et al. 2006, Markus Schroder et al. 2010). In table 1.1 the largest
differences in composition between organic and regular milk on the bases of
difference in diet is shown.

Table 1. Dry mass, fat content and content in 4 different fatty acids of milk from cows fed either
organic of regular feed

Organic Regular
Dry mass (%) 125+ 1.0 13.9 + 0.6
Fat in dry mass (%) 26.9 = 6.6 32.3 * 3.5
Fat in whole milk (%) 34+1.0 4.5 + 0.6
a-Linolenic acid 18:3n-3 (mg/100 g fat) 906 + 86 403 + 29
Phytanic acid (mg/100 g fat) 314 += 36 146 + 16
eicosapentoic acid 20:5n-3 (mg/100 g fat) 109 + 9 45.4 + 4.3
Pristanic acid (mg/100 g fat) 36.3+4.1 259+ 3.4

Organic milk usually contains more long chain fatty acids than regular milk.
Furthermore, it has been shown that linoleic acid rich milk contains more long
chain fatty acids on position sn-1 and sn-3 of the triglycerides (Nilsson-Ehle
1973). The lipoprotein lipase is present in all bovine milk at a content between 1-
2 mg/L. It hydrolyses FFA from triglycerides with a preference for the FFA at the
sn-1 and sn-3. Therefore, assuming equal lipase activity, during storage the FFA
concentration in linoleic acid rich milk will increase faster than in regular milk.
Consequently, the foaming properties of linoleic acid rich milk, i.e. of organic
milk, will decrease more than that of regular milk,

1.3 Aim and objective
The aim of this research was to find the main cause of the occasional bad
foaming behaviour of organic milk. Therefore, we followed the foamability and
foam stability of different commercial milks, both organic and regular, as well as
skimmed, semi-skimmed and full fat, during the period between August 2011 till
January 2012. Parameters like surface tension, dissolved casein content, protein
content, fat content, size of the fat globule, and FFA content were determined.



2. Materials and methods
2.1 Materials

2.1.1 Milk samples
In the period September 2011 till February 2012, two to three times a week milk
samples of various types and brands (1L packages) were bought in the local
stores of Wageningen, the Netherlands.

2.2 Methods

For all studied milks, foamability and foam stability were determined. After
purchasing of the milk, part of a certain selection was analysed the same day for
foamability, foam stability, fat globule size, total fat content, total protein
content, and surface tension. Another part (250 ml) was stored for two days in
the fridge at 7°C for the analysis of dissolved casein and NPN. The two days of
storage at 7°C were meant to minimize possible difference in temperature
history. Also another part (50 ml) of the milk was stored in the freezer at -32°C
to be analysed for FFA content by gas chromatography.

Furthermore, foam stability tests of milk samples to which linoleic acid was
added were performed to investigate the effect of FFA on the foam stability.

2.2.1 Foaming properties
Milk samples of 100 ml (103 g) were frothed using the Nespresso Aerocinno 3
(Nestlé Nespresso, USA), an automated system for the frothing of milk. The
frothing time was 1 minute and 10 seconds. During frothing the milk was
automatically heated to about 56°C. After frothing the milk, the foam was
poured into a graduated cylinder and the total volume as well as the volume of
the drained liquid was measured as a function of time. The overrun is defined as:

_ Vtot=Via _ Vsoam
= =y, @5)

where V. is the total (foam+liquid) volume, V|4 is the liquid drained at the
bottom of the tube, V=100 ml is the initial liquid volume, and Viam is the foam
volume.

The overrun as a function of time showed a characteristic shape and was fitted
using the following equation

p(t) = t(fit +¢p (1 - m) @)

The first part describes the drainage and the second part the collapse of the
foam due to coalescence and disproportionation. Fitting parameters are @, ty,
®,, t., and t,. The overrun at t=0 (¢(0)) and the plateau value ¢, are used as a
measure of the foamability, and t;, corresponding to the time the foam collapses,
is used as a measure for the foam stability; t; corresponds to the drainage time.



For some of the experiments where FFA was added to the milk, the overrun
could not be modelled with equation 2. In that case also the foam half-life t,,,
corresponding to the time after which the foam height has decreased to half its
initial value Vi 0, was taken as a measure for the foam stability.

t1/2 = t(Vfoam = O-SVfoam,O) (€©))

2.2.2 Surface tension
The surface tension was measured using a Wilhelmy plate and a force transducer
(Wagezelle, Typ: Q11, Germany). A glass Wilhelmy plate (20x26mm) ( Menzel
glaser, Germany) was used. Two weights of known force (41.5 mN and 71 mN)
were used to calibrate the surface tension meter. The glassware used for the
determination of the surface tension was cleaned and thoroughly rinsed with tap
water.

For the measurement, milk samples of 100 ml were placed in a pyrex beaker
glass (85 mm diameter) at room temperature (20°C). After 10 minutes, when
fluctuations were reduced, the data recorder was started for 1 minute.

2.2.3 Total protein and fat content
A Milko-scan (Milko-Scan 134A/B, N. Foss Electric, Denmark) was used to
determine the total fat and protein content. All milk samples were preheated to
40°C in a water bath. Each sample was measured for 5 times in a row. The data
of the last two measurements were noted.

2.2.4 Dissolved casein and non-protein nitrogen (NPN)
For the determination of the protein content of the samples, DUMAS (Flashea
1112 series, Interscience, Breda, the Netherlands) was used. The settings of
DUMAS was 900°C for the left furnace, 680°C for the right furnace and 50°C for
the oven. The carrier gas was helium with a flow of 140ml/min; the reference
gas was set at 100mI/min.

The milk samples were prepared as follows. Milk (250 ml) was centrifuged at
25.000 rpm at 4°C for 30 minutes. Fat was separated from the milk and the
skimmed milk was pipetted in centrifuge tubes (20 ml). The skimmed milk was
subsequently ultracentrifuged at 40.000 rpm at 4°C for 75 minutes to separate
the casein micelles from the sample. After ultracentrifugation the supernatant of
two out of four tubes was acidified with hydrochloric acid to pH 4.6 to precipitate
the dissolved casein. The acidified samples were ultra-centrifuged again at
40.000 rpm at 4°C for 30 minutes to separate the dissolved casein from the
sample. The protein content of both the non-acidified and the acidified
supernatant was determined in order to calculate the content in dissolved casein
of the milk. The supernatant (£ 10 ml) was pipetted in a container tube. 200 pl
was pipetted in a tin cup; the weight of the sample in the tin cup was noted. The
cup was dried in a stove for 24 hours at 40°C. The tin cup was closed and put in
the sample tray for Dumas analysis.



The dissolved casein content was assumed to be equal to the difference in
protein content between the acidified and non-acidified supernatants.

2.2.5 Fat globule size distribution
The Mastersizer (Malvern instruments,UK) was used for the determination of the
size distribution of the fat globules. Particle refractive index was set at 1.480 and
the particle absorption index used was 0.01. All samples were analysed in
duplicate.

2.2.6 Free fatty acids (FFA) content and composition

The following method was used to isolate the free fatty acids from the milk. 10.0
ml milk was mixed with 10 ml ethanol, 1 ml sulphuric acid (2.5 mol/L) and 1 ml
internal standard solution. 15 ml ether/heptane (1:1 v/v) was added to the
sample and shaken. The upper solvent layer was transferred to a 100 ml conical
flask containing 1 gr anhydrous sodium sulphate. 10 ml ether/heptane (1:1 v/v)
was added to the sample, which was subsequently centrifuged at 2500 rpm for
two minutes at room temperature. The upper solvent layer was transferred to a
100 ml conical flask. 10 ml ether/heptane (1:1 v/v) was added to the sample.
The centrifugation procedure was repeated. The upper solvent layer was
transferred to a 100 ml conical flask. Aminopropyl columns were conditioned with
10 ml heptane. The lipid extract was applied to the column. Neutral lipids were
eluted from the column with chloroform/2-propanol (2:1 v/v). Free fatty acids
were eluted with diethyl ether containing 2% formic acid. 50 pg C9:0 injection
standard was added to the solution. A sample of 0.5 ul was taken for gas
chromatography

Gas chromatography was performed on an Focus gas chromatograph fitted with
an 3380 A Integrator Hewlett Packard (Interscience, Breda, the Netherlands).
The column stabilwax DA 30m.*0.32 mm 1um (Interscience, Breda, the
Netherlands) was used. It was conditioned for 24 h at 240°C before use. The
temperature profile of the column was programmed from 40°C with a 1 min hold
and temperature increase rate of 10°C/min to 250°C. The ionization detector of
the gas chromatograph was supplied with 25 ml hydrogen and 240 ml air/min. 5
kPa pressure and 10 ml/min splitting volume were used. The carrier gas flow was
10 ml nitrogen/min.

3. Results and discussion

3.1 Foaming behaviour various milk varieties
In order to get insights in the foamability and foam stability of the organic milk
A, we first investigated the foaming properties of various milk varieties as
references. Results are depicted in figure 2. It shows the averaged foam overrun
of three triplicates as a function of time (symbols) and the fit using equation 2,
for different types of regular and organic milk.



Figure 2. Measured overrun as function of time (symbols) of different types of regular
and organic milk as well as the best fit using equation 2 (continuous lines). A,B, C
indicate different brands; M= skimmed milk, HV= semi skimmed milk, V=whole milk;
Bio=organic milk, rest is regular.

Clearly, three regimes can be identified. First, a region up to about 10 minutes
where the foam volume decreases fast due to drainage. Than a region where the
milk foam is more or less stable. Here the liquid volume fraction of the foam gets
approximately smaller than that of the random close packing. The shape of the
bubbles becomes more hexagonal and drainage is slowed down due to the
increased capillary pressure in the Plateau borders. In the third regime the foam
collapses due to coalescence and collapse of the air bubbles because film
lamellae are drained so much that they become unstable. It is seen that these
regimes can be very well modelled using equation 2.

Parameters for foamability and foam are shown in figure 3. It can be observed
that the foamability was about equal for all foams, but that the foam stability
showed significant differences between the different milk varieties. No clear
relation could be observed between foam stability and fat content (skimmed vs.
semi-skimmed vs. full-fat) and/or type (regular vs. organic). Foams made from A
milk, the focus of this study, showed the lowest stability of all tested milk
varieties. The reason for this is not yet clear.
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Figure 3. Foamability ¢, (left), ¢, (middle) and foam stability t. (right) for the different
milk foams (see figure 2). The milks are grouped according to their fat content, skimmed
(M), semi-skimmed (HV) and full fat (V).
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3.2 Foam stability of organic milk over time

Figure 4 shows the measured overrun of foam made with various semi-skimmed
and whole milk samples of brand A as a function of time. The different samples
were taken at different dates in the period from September 2011 till January
2012. The figure also shows the best fits. The values of the fitted plateau border
Py, corresponding to the foam stability, and the fitted characteristic time that the
foam collapses, t., are shown in figure 5, grouped for the semi-skimmed and
whole milk.

Figure 4. Measured overrun (symbols) of different whole (bottom) and semi-skimmed
milk (top) samples of brand A as a function of time, as well as the best fits using
equation 2 (continuous lines). The samples were taken at different dates, as indicated.
HV = semi-skimmed milk, V = whole milk.
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Figure 5. Fitted foam ability, plateau value @,, (left) and foam stability, t., (right) of the
semi-skimmed (HV) and whole (V) milk of brand A (see figure 4).

The whole milk A from 3-10-2011 showed a significant lower stability t.=35 min.
The two most stable milk foams were prepared from the samples taken at 10-01-
12 and 20-12-11. It was expected that the stability of the whole milk would be
larger in the summer period than in the winter period (see also figure 1).
However, this is the opposite of what was found in our study. The reason for this
is not clear yet. A possible reason could be that during the winter consumers do
froth more milk for beverages than during the summer. The relation between
foam properties and season could also be coincidental and it is possible that
there is no real correlation between the time of production and foaming
properties of the milk. The fact that in our research we did only observe one
whole milk sample that has a significant lower foam stability is consistent with
the fact there where almost no complaints about the foaming properties of in the
period of research.

For semi-skimmed milk there was much more variability in stability than for the
whole milk samples. Three samples showed a significant lower stability (HV 25-
10-11, 05-12-11 and 29-11-11), while one sample (HV 13-10-11) had a higher
stability compared to average. Similarly to the whole milk, no correlation was
found between time of production and stability for the semi-skimmed milk.

Furthermore, no significant difference in foam ability and foamstability is
observed between foam made with semi-skimmed and whole milk A, as might be
seen in figure 5.

In our study, the frothing occurred at temperatures above 40°C. Therefore,
because fat crystals were molten, they could not pierce the fat globule
membrane and no effect of the fat content on foamability was expected
(Huppertz T, 2010). The expectations were in line with our findings. During
cooling, fat crystals may form and may have a destabilizing effect on foam
stability. However, on the other hand, homogenized fat globules, which are for a
large part covered with proteins (Aigian Y et al. 2008), have a foam stabilizing
effect (Borcherding, 2007, Huppertz, 2010).
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In order to get more insight in possible causes for bad foaming properties, we
also measured relevant parameters for foaming behaviour like surface tension,
protein content, dissolved casein content, FFA content, and FFA composition.

3.3 Surface tension

Figure 6 shows the foamability and foam stability as a function of the surface
tension of (organic) semi-skimmed and whole milk of brand A. The average
surface tension of semi skimmed and whole organic milk were similar,
respectively 38+3mN/m and 37+4mN/m. It might be expected the average
surface tension of whole milk to be higher than that of semi-skimmed milk, due
to the higher fat content (Niloshree, 2005) and due to the fact that that milk fat
contains more surface active components like, free fatty acids and phospholipids
than the serum (Walstra, 2005). Nevertheless, this was not observed in our
research.
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Figure 6. Foamability ¢, (left) and plateau value ¢, (middle) and foam stability, t. (right)
of the semi-skimmed (HV, blue diamond) and whole (V, red square) milks of brand A
(see figure 4) as a function of the measured surface tensions. In the legend the
correlation coefficient (r?) and p-value (indicating significance) are indicated.

Furthermore, figure 6 shows that there was no correlation between surface
tension and both foamability and foam stability. In earlier research a correlation
of R°=0.55 was found (Kamath et al, 2008). This is most probably due to the
fact that in the research in question raw milk was studied, while we used
homogenized pasteurized organic milk.

3.4 Protein content
Figure 7 shows the foamability and foam stability as a function of protein content
for organic whole and semi skimmed milk of brand A. The total protein content of
semi-skimmed milk was about 3.53%+0.08% (w/w%), and larger than that of
whole milk 3.41%=+0.08%.
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Figure 7. Foamability ¢ (left) and plateau value ¢, (middle) and foam stability, t. (right)
of the semi-skimmed (HV, blue diamond) and whole (V, red square) A milks (see figure
4) as a function of the measured protein content. In the legend the correlation coefficient
(r® and p-value (indicating significance) are indicated.

The difference in protein content between whole and semi skimmed milk was
small. Furthermore a very weak (negative) correlation was found between
foamability and the protein content as well as for foam stability and protein
content, only for semi-skimmed milk. The reason for this is not clear. If there is a
correlation one would expect a positive correlation, for both types of milk. Most
probably the correlation is not real due to the fact that milk contains an excess of
protein (Huppertz, 2010).

3.5 Dissolved casein content
Figure 8 shows the foamability and foam stability of organic semi-skimmed and
whole milk of brand A as a function of their content of dissolved casein.
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Figure 8. Foamability ¢ (left) and plateau value ¢, (middle) and foam stability, t. (right)
of the semi-skimmed (HV, blue diamond) and whole (V, red square) A milks (see figure
4) as a function of the measured amount of dissolved casein. In the legend the
correlation coefficient (r?) and p-value (indicating significance) are indicated.
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The average dissolved casein contents and standard deviations were
0.22%=+0.05% (w/w%) for semi-skimmed and 0.20%+0.06% (w/w%o) for whole
milk. It was expected to observe a positive correlation between the concentration
of dissolved casein present in milk and its foamability. This because dissolved
casein is a very good emulsifier and will bound at the air/water interface.

Interestingly, a weak significant correlation between foamability and the amount
dissolved casein was found only for whole milk. For semi skimmed milk, there
was no correlation between these two parameters. Furthermore, for both semi-
skimmed and full fat milk, no correlation was found between foam stability and
dissolved casein content.

The reason why a relation between casein content and foamability was observed
only for whole milk is not clear and needs further investigation. Non-structured
flexible random coils like pB-casein will adsorb rapidly at the air/water interface
and will form a viscoelastic surface. Therefore, one might expect a correlation
between foamability as well as foam stability and dissolved casein. However, if
so, this counts for semi-skimmed as well as for whole milk. Furthermore, as
mentioned above, milk has an excess of protein compared to what is necessary
for good foam formation (Huppertz, 2010). So no correlation might than be
observed after all.

3.6 Fat content

Figure 9 shows the foamability and foam stability of semi-skimmed and whole
milk of brand A as a function of fat content. The average fat content and
standard deviation of semi-skimmed and whole milk are 1.93%=+0.01% (w/w%b)
and 4.7%=+x0.1% (W/w%). The difference in fat content did not lead to a
difference in foamability and foam stability, as can be seen from the figure. As
discussed above, this might be expected for homogenized milk and frothing at a
temperature above 40°C.
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Figure 9. Foamability ¢ (left) and plateau value @, (middle) and foam stability, t. (right)
of the semi-skimmed (HV, blue diamond) and whole (V, red square) A milks (see figure
4) as a function of the measured fat content. In the legend the correlation coefficient (r?)
and p-value (indicating significance) are indicated.
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3.7 Fat globule diameter
Figure 10 shows the foamability and foam stability as a function of the average
diameter of the fat globule of semi skimmed milk and whole milk of brand A. The
average fat globule diameter for semi skimmed milk was 0.81um with a standard
deviation of 0.06um. For whole milk 0.87um=0.06um was found.

A weak correlation was found between fat globule size and foamability for semi
skimmed milk. No significant correlation was found between the foamability and
fat globule size for whole A milk as well as between foam stability and fat globule
size for both semi-skimmed and whole A milk.
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Figure 10. Foamability ¢o (left) and plateau value @, (middle) and foam stability, t.
(right) of the semi-skimmed (HV, blue diamond) and whole (V, red square) A milks (see
figure 4) as a function of the measured mean fat globule size. In the legend the
correlation coefficient (r?) and p-value (indicating significance) are indicated.

These weak correlations could be due to the homogenisation. Before
homogenisation the average fat globule diameter is about 4pum (Walstra, 2003).
After homogenisation the average diameter is about 4 times smaller
(dependently of the homogenisation pressure), implying that the total surface
area increases about a factor of 4. The newly formed fat globule membrane is
covered directly with milk proteins (Aigian, 2008). This might result in a lower
dissolved protein concentration and, therefore, a slower protein adsorption and
thus a lower foamability and foam stability. At first sight, this might be
contradictory with respect to the findings that milk has an excess of protein as
compared to the amount required for frothing (Huppertz, 2010). However, the
experiments were not performed under similar conditions. To be conclusive, the
observed weak correlations between fat globule size and foaming properties need
more investigation.

3.8 Addition of FFA linoleic acid
It is expected that the amount of FFA has an negative influence on the foaming
properties of milk. In order to check this we performed some experiments where
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we measured the foaming properties of milk to which we added linoleic acid in
different amounts for different milk varieties. Experiments were performed in
triplicate. Figure 11 shows examples of the measured overrun as a function of
time for two different milk varieties. It is seen that for the semi-skimmed A milk
the overrun does not follow the characteristic shape anymore for large amount of
added linoleic acids. Therefore we also used the half-life (equation 3) as a
measure of foam stability. Figure shows the foaming properties of the various
varieties

Figure 11. Examples of measured overrun (symbols) of two milk varieties, brand B
whole milk (B V, left) and brand A semi-skimmed milk (A HV, right) to which different
amounts of linoleic acid are added. The added amounts are indicated in the legend: 00,
20, 40, 60, 80, 100 corresponds to 0, 0.24, 0.47, 0.71, 0.94, and 1.18 mg/l added
linoleic acid, respectively.

Figure 12. Foamability ¢, (left) and foam stability, t. (middle) and half-life t;,, as a
function of added linoleic acid for different milk varieties (brand A, B,and C. M=
skimmed milk, HV= semi skimmed milk, V=whole milk, Bio=organic milk)
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It can be seen that the addition of linoleic acid has a negative effect on the foaming
properties of milk. For almost all experiments, the correlation coefficient is above r?>0.85
and significant p<0.05. For both semi-skimmed and whole milk of brand A as well as
semi-skimmed milk of brand B the addition of linoleic acids had the strongest effect. The
other milk varieties show only a small decrease in foamability. Probably the milks that
show a stronger decrease in foaming behaviour already had a higher concentration of
(long chain) free fatty acids. To check this we measured the FFA content and composition
of different milk.

3.9 FFA composition and content

Literature and our results indicate that FFA content have an influence on foaming
properties. The question arises if this is due to the short or long chain FFA.
Therefore the FFA concentration of C4, C6, C8, C10, C12, C14, C16, and C18 was
determined of different semi-skimmed milk samples. Overrun as a function of
time is shown in figure 13 while the relation between foaming properties and FFA
concentration is shown in figure 14. In the latter figure we only show two typical
examples (C10 and C18) as well as the total FFA content (sum of all
concentrations). The other measured concentration view similar: no clear and
significant correlation between FFA content/composition could be determined.

In earlier research Kamath (2008) found a correlation of 0.6 between foamability
and FFA content and a correlation of 0.9 between foam stability and FFA content.
The differences with our results are not yet clear yet and need further
investigation. They might be attributed to differences in homogenization, sample
storage and/or used method to measure FFA content. Here we determined all
FFA present.

Figure 13. Measured overrun (symbols) as a function of time of various organic milk
varieties, of which FFA composition is determined (see figure 14). Also shown are the
best fit using equation 2 (continuous lines).
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Figure 14. Foamability @q (left) and plateau value ¢, (middle) and foam stability, t.
(right) of different semi-skimmed (HV, blue diamond) and whole (V, red square) organic
milks (see figure 13) as a function of the FFA content C10 (top panel), C18 (middle
panel) and total sum of C4, C6, C8, C10, C12, C14, C16, and C18 (bottom panel). FFA
content of other than C10 and C18 show similar behaviour (data not shown). In the
legend the correlation coefficient (r?) and p-value (indicating significance) are indicated
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4. Conclusions
The foaming properties of different commercial milk varieties were tested. The foamability of the studied
milks turned out to be similar, while the foam stability differed between different varieties. No clear
relation could be observed between foam stability and fat content (skimmed vs. semi-skimmed vs. full-
fat) and/or type (regular vs. organic). However, foams made from milk of brand A, the focus of our
study, showed the lowest stability of all tested milk varieties. The reason for this is not yet clear, but the
bad foam stability of this milk might be probably due to a higher free fatty acid content. However, we
could not demonstrate that in this study.

The foaming properties of semi-skimmed and whole A milk purchased in the local stores of Wageningen,
the Netherlands, in the period from September 2011 till January 2012 were studied. Surface tension,
protein content, dissolved casein content, fat content, average fat globule size and free fatty acid content
and composition were determined and compared to the foaming properties.

Only one whole and two semi-skimmed organic milk samples were observed that showed a lower foam
stability than average, in line with the low number of complaints in this period. No relation in foaming
properties and difference in season (meadow/summer versus stable/winter period) could be observed.
Whole A milk seemed to give more stable foams than semi-skimmed A milk.

No correlation was found between surface tension and foaming properties. Also no correlation was found
between protein content and foaming properties. For dissolved casein only a weak correlation with
foamability was observed for whole milk and not for semi-skimmed milk. The reason is not clear yet and
needs further investigation.

No correlation is found between the fat content and foaming properties, although the fat content of
whole milk was significantly larger than that of semi skimmed milk. This is most probably because the
foam is frothed at 56°C, a temperature at which all fat crystals are melted. Than they cannot pierce the
fat globule membrane and release liquid fat that could cause foam instability.

A weak correlation was found between the fat globule diameter and foamability for semi skimmed milk.
Very weak correlations were found between fat globule size and both foamability of whole milk and foam
stability of semi skimmed milk. No correlation was found between the foam stability and fat globule size
for whole A milk.

It is expected that foaming properties are negatively influenced by free fatty acids (FFA). This was
supported by our experiments where we added small amount of linoleic acid (C18) to various milk
varieties. However, we also determined FFA content and composition of different milks. In these
experiments, no correlation was observed between free fatty acids content and foamability. The reason
for this is no clear and also needs further investigation.

Although there are indications that the amount of free fatty acids is negatively related to foaming
properties of milk, no clear cause for the occasionally bad foaming properties of organic milk could yet be
identified. This needs further investigation One of the main reasons for this outcome is probably that only
very few milk samples were found with significant worse foaming properties. Another reason might be
that the studied samples were commercial bulk milk of which the history concerning technological and
heat-treatments was unknown. For a better mechanistic understanding of the role of milk composition on
foaming properties both the temperature and process history should be known or controlled.
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