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Maria Apaŕıcio Nunes
maria.nunes@ist.utl.pt
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Abstract

Heat-stability of milk and concentrates is an actual and relevant problem. Light scattering techniques
were used to characterise the size of the complexes.

Milk concentrates MPC60, MPC80 and MPC90, and SMP at the pH values of 6.5, 6.7 and 6.9
were placed at water bath at 90◦C during 15 minutes. Protein additions to these consisted of either
whey proteins, β-lactoglobulin or α-lactalbumin isolates. It was concluded that whey protein additions
destabilize SMP systems and stabilize MPCs. Also, that the higher the MPC protein content, the more
whey protein is needed (until 2% (w/w)). The whey protein that is responsible for stabilization is
specifically β-lg. The scalability of this results was tested with industrial SMP and MPC80, at pH 6.5,
supplemented with 1% (w/w) of Whey Proteins Isolate. Four treatments were applied: two at the pilot
plants heat exchanger (90◦C for 10 minutes and 140◦C for 5 seconds (UHT), the laboratorys water
bath (90◦C for 15 minutes) and autoclave (121◦C for 15 minutes). Autoclave proved to be excessively
harsh (only SMP remaining stable). Due to instability indications, UHT treatment was not assayed for
MPC80. The treatment at 90◦C for 10 minutes proved the possible scale-up, once laboratory trends
perpetuated.
Keywords: SMP, MPC, heat-satbility, whey proteins, caseins

1. Introduction
1.1. Relevance to Society
Milk and derivatives are largely consumed all
around the world and have been for at least 8000
years, when cattle started being domesticated [2].

Due to the clear intrinsic paper in the current
society, the word ”milk” is already a synonym for
bovine milk, accounting for 84% out of all animal
milk production. Considering a total world pop-
ulation of 7.1 billion people, it is remarkable that
more than 6 billion consume dairy products. Eu-
rope is classified as a high consumption region (150
kg, per capita and per year [9]), and forecasts have
predicted a growth of 2% in production for 2015[9].

The described popularity owns itself to not only
milk’s nutritional role, but also to its physicochem-
ical characteristics. Besides being the single most
complete food [6], it is also able to give texture
and structure to products like yogurt and cheese,
and has the capacity to integrate stable air bub-
bles, originating foams.

Due to the versatility of milk, it can be incorpo-
rated into thousands of different applications. The
character of each final product depends on a lot of
factors, starting on the milk source, the microorgan-
isms that were possibly employed to produce it, the

additives and also on the heat treatment applied.

To assure a higher shelf-time, milk powder or
milk powder concentrates (MPC) are often used,
for which they must be characterized and tested.

The conditions of the heat treatment applied de-
pend strongly on the final product - milder heat
treatments (for refrigerated products) and intenser
ones (for room temperature kept products)[10].

The heating process that is publicly acknowl-
edged is pasteurization, in which a liquid is heated
below the boiling point. Its purpose is to increase
safety by destroying pathogens (disease causing mi-
croorganisms) that may be present, since milk pro-
vides excellent growth conditions for their survival
and multiplication.

Often, especially for concentrated products, in-
tense sterilization treatments are needed, resulting
in physical instability that may manifest itself as
either flocculation and gelation during heat treat-
ment, adopting an yogurt-like appearance, but also
in the form of aggregates formed, that although not
directly visible to the naked eye, sediment during
storage [10].

The commercial production of concentrated milk
increased gradually during World Wars due to easy
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transport and long shelf life. To overcome the prob-
lems in prodution faced back then, heat-stability
assays on raw milk were made [13].

The first paper about this subject was published
by Sommer and Hart in 1919 [14]. Even though
the information has been reviewed periodically, the
mechanism and pH-dependence of the heat-induced
coagulation of milk still intrigues scientists. Lim-
ited progress has been made on explaining either
the variability seen or sequence of this physico-
chemical behaviour; and it is also unquestionable
that problems related with instability are still found
in the industry nowadays, especially with concen-
trated products [7].

The first step to address the problem is to have
the best knowledge possible of the structures and
components that exist in milk; then, isolated tri-
als are attempted, trying to re-balance milks con-
stituents to recognize the possible effects; and fi-
nally, a more practical way, in which empiric tests
are executed to decide how to perform in very spe-
cific circumstances.

A subjective method proven to be both easy and
efficient to evaluate the stability of systems is the
eye-recognition of coagulation, in which the aggre-
gates must have around 0.1 mm. Inside this in-
tuitive method there are then parameters that al-
low the correlation between samples, specifically the
Heating Coagulation Time (HCT) and the Heat-
ing Coagulation Temperature (HCTemp), where
glass tubes samples are placed in a hot water bath,
measuring respectively either the time it takes or
the temperature required for coagulation to occur.
Even though HCTemp is a more accurate indica-
tor of susceptibility, it is time-consuming, reason
why curves have been mainly drawn explaining time
variation, HCT, with pH.

Resulting from this tests, for unconcentrated
milks, it was discovered the existence of a maxi-
mum of stability at milks normal pH - a higher co-
agulation time (HCT) at a pH of 6.7 - followed by
decreases in stability (and in the coagulation time)
for both higher and lower pH values. For concen-
trated milks, however, a slightly distinct behaviour
appears, and stability is maintained after the max-
imum (at a pH of 6.6) and decreases only for lower
pH values [12].

Previous older reports, firstly by Pyne in 1958,
and then by Fox would also reinforce that milk
could take a heating process for at least 3 hours
at 140◦C without signs of coagulation, just by con-
stantly assuring it to be readjusted to its natural
pH [5].

To be able to perfectly control the process of heat-
ing, it is detrimental to be aware of milk’s content
and how it reacts to a certain heat load applied.

1.2. Theoretical Background

According to the 2005 book, Dairy Science and
Technology [15], milk is largely constituted by wa-
ter (87.1%), but also by fat (4%), sugars/lactose
(4.6%), proteins (3.3%) out of which 2.6% are ca-
seins and salts (0.85%).

The distinctive carbohydrate/sugar of milk is lac-
tose (practically the only sugar existent) and the
existing fat is predominantly made of triglycerides,
varying greatly on size and saturation.

Inside protein’s category, it is possible to find
two very distinct classes, namely caseins and whey-
proteins, with very contrasting characteristics. For
the caseins, representing 80% of the total exist-
ing proteins, we can find αs1-casein, αs2-casein,
β-casein, and κ-casein, respectively αs1-CN, αs2-
CN, β-CN, and κ-CN. Whey-proteins, on the other
hand, include α-lactalbumin and β-lactoglobulin,
respectively α-lac and β-lg [15].

These proteins have very dissimilar answer to im-
posed physical conditions; caseins coagulate at an
acidic pH of approximately 5, and are stable at high
temperatures; whey-proteins, in opposition, coagu-
late at temperatures higher than 65◦C and are sta-
ble on acidification. These characteristics are es-
sential for the separation and purification of these
components and to manufacture cheese. A sum-
mary is presented in Table 1.

The shape in which they are presented in solution
at normal pH and temperature is also very differ-
ent. The thermal stability revealed by caseins is
due to a loose, ill-defined three-dimensional struc-
ture formed by the association of its main proteins,
instead of whey’s quite heat labile compact glob-
ular structures with unique native conformations.
Caseins appear together organized in loosen spheri-
cal structures denominated casein micelles, where
thousands of phosphoproteins are linked through
calcium phosphate nanoclusters, and contain hy-
drophilic and hydrophobic sections. They are es-
sential in the calcium phosphate transport, and are
slowly digested inside organisms, due to long-lasting
protein breakdown [15]. Whey proteins, on their
turn, appear generally as individual proteins with
little secondary or tertiary structure. Due to their
branched-chain aminoacids, they are fast and easily
digested. At room temperature, in milk, these two
families of proteins do not interact.

Another category of milk components that have
a crucial role are the minerals present primarily K,
Na, Ca, Mg, Cl, phosphate and numerous other el-
ements in trace quantities. The organic acids that
are present occur largely as ions or as salts - citrate
being the principal one. In the end, it can be stated
that milk is a set of particles, implying that reac-
tivity can be changed by breaking natural barriers.
Knowing milk’s structural composition allows to in-
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Table 1: Milk proteins (caseins and whey) main properties.

Caseins Whey

Sedimentability pH<5 denaturation T>65◦C
Stable at high Temperatures at acidic pH values
Structure part of calcium phosphate micelles individual; secondary or tertiary structures
Digested slowly fast

terpret its physical behaviour, e.g. viscosity and/or
reflection of light.

The caseins that occur in the micelles are in its
ionic form, caseinate, binding cations - primarily
calcium and magnesium but also calcium phosphate
(CCP) and residual citrate [15].

There is a lot of debate regarding the structure
of casein micelles, but four points are consensual:
the existence of both water and calcium phosphate
nanoclusters in the core; a structural integrity kept
by the protein-calcium phosphate interaction; and,
finally, that there is κ-casein located on the outer
spherical surface [3].

This κ-casein has a C-terminal placed in the
serum and a N-terminal attaching it to the rest
of the micelle. The C-terminal is very important
once it is responsible for steric-stabilization - the
mechanism that explains the ability to inhibit the
coagulation of suspensions [11].

Figure 1: Consensual characteristics of casein mi-
celle’s structure are that it contains κ-casein (κ-CN)
on the surface, that its core is constituted by both
water and calcium phosphate and that integrity
is kept by caseins-calcium phosphate interactions.
Whey proteins (WP) are in the serum along with
other components. (image from NIZO)

The destabilization that can then take place is
strongly related to κ-casein localization and in-
tegrity. Either by enzymatic hydrolysis or by a col-
lapse caused by acidification of the medium or sol-
vent addition (solvent quality being reduced with
e.g. ethanol), if κ-casein detaches from the micelle,
this one loses integrity and disassembles. Enzy-
matic hydrolysis is not a natural occurring prob-
lem, but acidification caused by heating is, and will
cause the collapse by protonating the carboxylate
groups of the protein residues, namely either the
glutamine or the asparagine [4] [13].

Milk equilibrium is a set of interconnected sen-
sible factors, and changes in temperature will

strongly affect the existent balance by influencing
the behaviour of proteins and salts. Ratios of the
amount of either solubilized or ionized salts, and ra-
tios of the amount of proteins interacting with other
proteins, and lastly ratios of salt-proteins interac-
tions, will determine the state and also appearance
of milk.

The main drawback of the problematic addressed
is the incapacity of measuring changes in real time.
It is unknown until which extent or in which order
changes succeed. The best solution is to measure
the physico-chemical properties before and after the
heating process, but it may pass unaware if stronger
reactions take place and are then reasoned after the
cooling down.

The unquestioned effect of the heating process
is the pH drop. On one way, it is possible to
point out some thermal acidification contributors:
first, lactose degrading into organic acids (includ-
ing formic acid); then, the fact that temperature
increase generates a decrease in calcium phosphate
solubility, causing it to precipitate and release H+;
and, lastly, a dephosphorilation of the caseins takes
place, precipitating the released phosphate in ter-
tiary calcium phosphate shape. All this factors in-
crease deeply and perhaps maybe even cyclically the
acidification of the medium [10].

The utterly important changes are the ones whose
results correctly interpret modifications in pH-HCT
curves, either by themselves or by some combina-
tion of the four, being them: the heat-induced acid-
ification of milk; the heat-induced precipitation of
calcium phosphate; the heat-induced dissociation
of κ-casein; and the heat-induced denaturation of
whey proteins and interaction with κ-casein.

Denatured whey proteins and their interaction
with caseins is believed to affect significantly the
heat stability, since different behaviours take place
while testing regular milk or whey protein-free milk
[1]. During heating, whey proteins suffer changes
like the dissociation of non-covalently bounded
oligomers and the unfolding of native structure, ac-
cordingly exhibiting reactive amino acids. This may
result in possible aggregations with either caseins or
other whey proteins [1]. Since β-lg is the primary
whey protein and that it contains a free sulfhydryl
group, it will be the one involved in these aggre-
gation interactions with caseins. In Figure 2 it is
possible to observe an schematic representation of
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this interaction.

Figure 2: Casein micelles ways of interactions are
displayed. Its κ-casein (blue curvy lines) in the
outer surface connects to denatured whey proteins
(green circles).(image from NIZO)

Heat treatment will markedly change the serum
phase environment around the casein micelles and
increase every time calcium ion activity is reduced,
since it has effects on κ-caseins dissociation and on
its association with whey proteins [10].

Supporting this is experimental data that verified
that at low pH values, most of the denatured whey
is found connected with caseins, while at higher pH
values the denatured whey proteins are found in the
serum, denoting a distribution pH tendency.

Another argument for whey proteins’ importance
in stability is the effect that pre-heating has in this
problematic, increasing the heat stability.

It is not known exactly which particular changes
are directly responsible for coagulation, predispose
or are a consequence of the coagulation process. Ini-
tial stages must involve a change in colloidal inter-
actions that allow micelles to approach each other.
[13]

Essentially, a lot of research in this field has been
made. It is certain, that instability lays on an as-
sembly of factors, related with the decrease on pH
verified during heating. The problem is to define
the exact sequence of actions.

The heat treatments used were not high enough
to assure that, for example, lactose and urea do not
undergo strong reactions and are kept constants.

2. Practical Background
Milk Protein Concentrates (MPCs) are powders
with high protein content, obtained by ultrafiltra-
tion sometimes followed by diafiltration. The six
existent MPCs are named according to their dry
native protein content, a range that goes from ap-
proximately 42% to 85%. Instead of these, eight
can be considered by including MPC35, with 35,4%
protein, and MPC90, with 85,8%. The MPC35
is known as Skim Milk Powder (SMP), and the
MPC90 as Milk Protein Isolate (MPI). [8]

Both the names and exact compositions of dry
matter, protein, lactose and ash of the MPCs that
were used at the developed work are displayed in
Table 2. Extremely large differences in composition
and properties can be found between them, due to
the absence of certain components.

Table 2: Milk Protein Concentrates’ characteristics.
Dry matter Protein Lactose Ash

MPC35 96.6 35.4 49.6 8.1
MPC60 96.0 60.8 24.5 7.7
MPC80 95.4 79.1 6.4 7.7
MPC85 95.2 84.0 1.8 7.5
MPC90 95.8 85.8 0.4 7.6

Milk protein concentrates are often used in food
industry for milk’s general applications but can
display tailored functionalities, by lacking specific
components. The main advantage pass through the
fact that their protein is native as well as their whey
to casein ratio.

At ultrafiltration, milk proteins are increasingly
concentrated in the retentate while lactose and
some soluble salts are eliminated along with water
in the permeate. The level of this concentration will
determine which MPC is produced as final product.

The downside associated with the use of MPCs is
its low solubility and a partial explanation for this
loss is related with the mineral composition changes
- shown in Figure 3. With an increase in protein
content - and in MPCs’ number subsequently - de-
crease in sodium and potassium (Na, K) relative
content takes place, as well as an increase in cal-
cium and phosphorus (Ca, P) content. Inorganic
Phosphate, by other side, along with Magnesium is
preserved stable.

Figure 3: Mineral content variation in the different
MPCs observed with increasing amount of protein,
in (w/w)%. (data from NIZO)

3. Methods
The work developed was performed in the labora-
tory and in the pilot plant, with some differences
in procedure due to the availability of equipments
and to small differences in the materials them-
selves. In the next sections, laboratory and pilot
plant methodology have been separated, explain-
ing equipments, procedures and the materials em-
ployed.

3.1. Laboratory
It is possible to divide the work performed into dif-
ferent divisional categories: the creation of samples
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by mixing components, the thermal treatment im-
posed to the samples, the adaptation of the sam-
ples to run in a certain equipment (dilution or
reagents/buffer addition, etc.), the methodology of
running the equipment and data analysis. An ex-
periment is defined as the integral of all the afore-
mentioned procedures. In total, eleven experiments
were performed, nine in the laboratory and two in
the pilot plant.

3.1.1 Materials

At laboratory scale the three protein additives:
whey protein isolate (WPI), α-lac and β-lg isolates
were supplied from Davisco. All the chemicals used
for preparation of secondary solutions were from
Sigma-Aldrich. Concerning milk sources, SMP and
MPCs for labscale were produced at pilot-plant
scale at NIZO food research (Ede, The Nether-
lands).

3.2. Preparation of samples
The first step was to mix at the rightful concentra-
tions all the components involved. Dissolving either
SMP or MPC in water and adding a third compo-
nent in different increasing concentrations, except
for the blank version. After this, pH was adjusted
with either HCl or NaOH and the samples were sub-
jected to thermal treatment. This thermal treat-
ment consisted of 90◦C for 15 minutes in almost all
experiments.

After this procedure, samples are cooled as fast
as possible in at room temperature running water
bath. Storage of samples was made at 4◦C.

3.3. Particle Size by Zetasizer
The Zetasizer Nano ZS, from Malvern Instruments
Ltd. UK, is an instrument that uses Dynamic Light
Scattering (DLS) as technique to measure the size
of particles, typically in the sub micron region.

The DLS technique measures the brownian mo-
tion of particles that are suspended within a liq-
uid, i.e., the random movement that particles make
due to the bombardment by solvent molecules. The
larger the particle is, the slower the movement will
be when affected.

The size of particles is the easiest and quickest
parameter to evaluate the possible destabilization
of samples. The bigger the particles, the closer to
coagulation they are.

For the samples to be run in this equipment, they
are subjected to a 50 times dilution in milk serum
(permeate obtained by a 10 kDa ultrafiltration of
skim milk).

Out of this procedure, two kinds of data result:
the average size of the particles that are present in
each sample - making easy to compare between dif-
ferent samples - and the size distribution graphics,

representing for each size, the relative amount of
particles inside the sample.

4. Pilot Plant
For pilot-plant performed experiments, MPC85 was
supplied by Cremo, WPI by ArlaFoods Ingredients
and SMP by FrieslandCampina. After pilot plant
heat treatment, samples were analysed likewise at
the laboratory scale, where the particle size evalu-
ated with the Zetasizer.

4.1. Preparation of Samples
The solutions were prepared by joining to the SMP
or MPC, water and WPI in the correct weight pro-
portions and mixing them with a high shear mixer.
After pH adjustment and continuous stirring un-
til complete dissolution, samples entered an homo-
geneizer to ensure full dispersion of the powdered
ingredients.

4.2. Heat Exchanger - UHT and Pasteurization
UHT treatment was carried out using the heat ex-
changer from Combitherm available at NIZO food
research. The solution passed inside the tubes and
the water outside the tubes. Indirect heating with
a holding time of 5 seconds at 140◦C or 10 minutes
at 90◦C was carried out.

4.3. Autoclave & Water Bath
Autoclave was used as an alternative thermal heat-
ing procedure to the heat exchanger. From the so-
lutions prepared at the pilot plant, unheated mixed
samples were taken out in order to stand other two
different treatments. The autoclave from Zirbus
Technologies, executed its heating task at 121◦C
for 15 minutes and the water bath - the standard
laboratory procedure - was made at 90◦C for 15
minutes.

5. Results
5.1. Protein Additions
The approach followed was the addition of whey
proteins as a supplement to both MPC and SMP,
in order to evaluate the effects on heat stability.

Usually, by just heating SMP and MPC60,
MPC80 or MPC90 without any supplements added,
SMP remains stable while MPC80 and MPC90 turn
quite unstable. This is seen in the Zetasizer re-
sults presented in Figure 4, where MPC90 coag-
ulated and MPC80 displays a really high average
size of particles when comparing with MPC60 and
specially SMP.

However, what was discovered in this set of exper-
iments was that the tendencies of stability that were
seen during heating could be reverted by adding
extra whey protein to the dissolved powders. In
the past, it had already been verified that in the
presence of whey, SMP would lose its stability dur-
ing thermal treatment (behaviour not completely
expected, having in consideration whey proteins’
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Figure 4: The average particle size of the 50 times
diluted samples at 20◦C, of heated (15 minutes and
90◦C) SMP, MPC60, MPC80 and MPC90 at pH
6.5.

stabilization of κ-casein). Verifying this event, re-
search was never pursued further on to MPCs.

A displayed trend in Figure 5 is the increase of the
average particle size in SMP results with the incre-
ment of added whey proteins, noticing that indeed
SMP shows bigger particles, with more concentra-
tion added; while this, the exact same amounts of
added whey proteins have the opposite effect when
added to MPCs, stabilizing them, like seen in 6.

The SMP sample at a pH of 6.5 supplemented
with 1% (w/w) whey protein is not presented in
the data because it coagulated; it would have been
logical for this coagulation to have happened also
or instead at 2% of added whey proteins. It can
be seen that at higher pH values SMP continues to
be destabilized by the addition of whey, but more
moderately.

Figure 5: The average particle size of the 50 times
diluted samples at 20◦C, of heated (15 minutes and
90◦C) SMP with either 0%, 0.5%, 1% or 2%(w/w)
of added WPI, in three different pH values (6.5, 6.7
and 6.9).

It is also worth to notice the huge difference in
particle size showed by MPC90s at a pH of 6.5,
in Figure 6, suggesting a promising result, once
it turns something completely unstable (for 0% of
added whey) - with considerable big particles - into

something quite stable (for concentrations above
1% of added whey).

With the pH increase, differences are blurred.
This crescent attenuation can be explained by the
already stable values without added whey - it does
not need stabilization, and apparently added whey
protein will also not disturb it.

Besides the extreme behavioural cases, namely
SMP and MPC90, intermediate MPCs were also
inspected for their behaviour with whey proteins
additions, as it is shown in Figure 6. The results
turned out to be fairly logical, with MPC80 having
a behaviour closer to MPC90’s and MPC60 behav-
ing more like SMP.

Coagulated samples are not present in the Zeta-
sizer data, viz. the MPC80 without supplemented
whey protein at a pH of 6.5. As it has been ob-
served, at a pH of 6.9 differences are a lot less
milder, turning out to be quite more interesting to
look at lower pH values to spot influences. Here,
a first look should be directed at the behaviour
of samples when whey protein is absent and after,
at their progression with increasing whey proteins’
concentration. In both MPC80 and MPC90, just by
adding an amount as little as 0.5% of extra whey
protein, a huge change is already seen, passing the
sample from coagulation to a very reasonable stable
state. In MPC60, however, the difference was not so
prominent, diminishing a little the average particle
size by whey proteins addition, but not beginning
from an unstable starting point.

It can then be stated that MPC80 has a really
similar behaviour to MPC90’s and that MPC60 is
an intermediate that does not act exactly as either
SMP or as MPC90. It is possible to conclude that
the higher the protein content of the milk source
the more stable a system will turn out to be by the
addition of whey; and the closest its protein content
is from SMP’s protein content, the less stable the
system will turn out to be by the addition of whey.

Two questions then remain: the extent to which
whey protein should be added to have its stabiliz-
ing effect in MPC’s and what exactly, in whey pro-
teins is responsible for the stabilization. To answer
the first question different amounts of whey protein
were added, evaluating the quantity that should be
added for each MPC to reach stability, and to an-
swer the second question the two whey proteins,
β-lg and α-lac, were added in separate.

Considering that tendencies and changes are
more visible at a pH of 6.5, the experiments were
performed at this pH.

Besides adding β-lg and α-lac in separate, a com-
bination of β-lg and α-lac in the correct natural pro-
portions was also tried, specifically adding 2/3 and
1/3, respectively.

From the previous experiments it was already
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Figure 6: The average size of the 50 times diluted samples at 20◦C, of heated (15 minutes and 90◦C)
MPC60, MPC80 and MPC90 with either 0%, 0.5%, 1% or 2% (w/w) of added WPI, in three different
pH values (6.5, 6.7 and 6.9).

concluded that the concentrations of whey protein
required to be added to the MPC60 were smaller
than the whey protein concentrations required to
be added to the MPC80. For this reason, in Figure
7, the concentrations tested in MPC60 of β-lg and
α-lac are smaller, varying from 0% to 1% (w/w),
while the ones tested in MPC80 start at 1% (w/w).
No sample has coagulated in this procedure, but
only more sensible concentrations were tested since
the goal was to refine conclusions.

Regarding in Figure 7 firstly only the results for
MPC60s is then possible to observe that increas-
ing the amount of β-lg stabilizes the system, caus-
ing smaller particle size, while adding increasing
amounts of α-lac has no stabilizing effect whatso-
ever, proving the results to be more unstable than
those of, added whey, added β-lg, and added β-lg
and α-lac together. For MPC80, it is also possi-
ble to observe that the addition of more α-lac has
no stabilizing effect, while on the other hand, the
addition of more β-lg highly decreases the average
particle size, indicating stabilization.

With this data it is clear to conclude that β-lg
is the responsible protein for the stabilization ob-
served, since its absence causes results to get un-
stable. Also that it is not an interaction between
the two proteins, but β-lg alone. For this reason
samples continued to be tested with only the addi-
tion of this protein like shown in Figure 8, to SMP,
MPC60, MPC80 and MPC90 at a pH of 6.5, start-
ing from a concentration of 0%, and increasing cu-
mulatively 0,2% (w/w) until 2% of β-lg.

Similarly to what was seen for the addition of
whey, identical tendencies are also found in Figure
8 for the addition of only β-lg. Starting by look-

ing at the red bars that represent SMP, it is pos-
sible to see a proportional increase in particle size,
and therefore destabilization, with the increase of
added β-lg; following the green bars, that repre-
sent MPC60, a very slight decrease can be spotted
even if in an overall view the samples just remain
constantly stable; for the blue bars, that on their
turn represent MPC80 samples, the exact opposite
effect seen for SMP is observed, decreasing the par-
ticle size proportionally with the increase of β-lg
concentration, stabilizing the system; for the pur-
ple bars, that represent MPC90, they verified such
an instability without β-lg added, that coagulated
and are not present for the first two lower concen-
trations, while for highest concentrations of added
β-lg, stability starts to be gained.

To interpret all these results together there is
the need to understand what is physically differ-
ent between SMP and MPC80, since it must be
the responsible for the behaviours seen. Like men-
tioned in the Background, how these two powders
are produced justifies the differences. By ultracen-
trifugating milk, lactose and soluble minerals will
be grossly eliminated (Cl, Na, K, Mg) and the ex-
tent to which this is made results in the creation
of the different MPCs. This loss of minerals will
implicate that the general ionic strength becomes
lower, what will increase the calcium ion activity.
Since this calcium ion activity is so important to
keep micelles integrity, anything that influences it
essentially changes stability.

It is known that κ-casein has an essential role in
delimiting micelles, and in that sense, if denatured
whey proteins connect to it, the protectorate layer
increases.
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Figure 7: The average size of the 50 times diluted samples at 20◦C, of heated (15min and 90◦C) MPC60
and MPC80 with either 0.1%, 0.2%, 0.5%, 1% or 2%(w/w) of added WPI, β-lg and α-lac at pH 6.5

Figure 8: The average size of the 50 times diluted samples at 20◦C, of heated (15 minutes and 90◦C)
SMP, MPC60, MPC80 and MPC90 with either 0%, 0.2%, 0.4%, 0.6%, 0.8%, %1, 1.2%, 1.4%, 1.6%, 1.8%
or 2% (w/w) of added β-lg at pH 6.5.

6. Pilot Plant
6.1. Protein Additions - Scalability

The scalability of the process is utterly relevant,
reason why heat treatment applied to both SMP
and MPC80 with added Whey Protein Isolate
(WPI) needed to be attempted at the pilot plant.
At the resemblance of the others experiments, the
reconstitution of the milk powders was made to a
final native protein concentration of 3.5% (w/w).
The addition of WPI was made in two concentra-
tions, 0% or 1%, and the pH was kept at 6.5. The
couple of SMP and MPC80 was tested with and
without the addition of WPI and besides the two
thermal treatments performed at pilot plant scale,
heat treatments like autoclave or water bath were
additionally performed at laboratory scale. Also
unheated samples were kept. At the pilot plant the
two heat treatments performed were the UHT, 5
seconds at 140◦C, or the heat exchanger, 10 minutes
at 90◦C. After the thermal conditions were applied,

testing was made in the form of Fractionation and
Zetasizer.

The absence of the sample ”SMP+1% (w/w)WPI
AUTOCLAVE” in Figure 9 is due to its coagulation
during the thermal process. With reference to the
remaining samples, it can be stated that the scale
up was quite successful, being the tendencies previ-
ously observed in the laboratory maintained. Here
it is possible to compare the pure samples with their
whey protein supplemented ones, as well as to com-
pare between SMP behaviour and MPC80’s, as well
as between the different thermal treatments.

Firstly it is possible to observe that MPC sam-
ples without whey protein present really bigger par-
ticles, effect that is not seen for supplemented sam-
ples. In these supplemented samples, even the one
that passed through the heat exchanger is quite sta-
ble. However, it is not advisable to push the heat
exchanger to the limit, once that coagulation inside
the tubes can cause some problems, motif why the
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Figure 9: The average size of the 50 times diluted samples at 20◦C of SMP or MPC80 supplemented or
not with 1% (w/w) WPI at pH 6.5. Different heat treatments were applied: no treatment at all (U),
the standard hot water bath at 15min and 90◦C in the laboratory, the autoclave, the pilot plant heat
exchanger treatment (H.E.), and the UHT treatment that consisted in five seconds at 140◦C.

UHT was not applied at the MPC80, with or with-
out whey.

It may also be interesting to notice that for
MPC80 samples, the values of the average size were
higher in the hot bath treatment than in the heat
exchanger, This may even indicate that effects are
less marked in the pilot plant, what is convenient.

None of the samples tested, except for pure non-
supplemented SMP, survived non-coagulated to au-
toclave due to the severity of the heat treatment.

Regarding SMP, the conclusion that added whey
protein causes instability in the samples during
heating is also reinforced once it is possible to see for
all supplemented samples higher zeta-average sizes
than for non-supplemented ones.

Looking at MPC80 unheated samples, with or
without the whey protein supplement, it can be seen
that the average particle size is smaller in the WPI
supplemented sample, what may give some insight
to whey’s protein behaviour in solution when not
denaturated. Perhaps native whey proteins stay in
the serum and connect to other components, form-
ing smaller particles and decreasing then the aver-
age size of particles. Even if whey proteins aggre-
gate with other whey proteins, the final particle size
created would still be small when comparing with
aggregates formed with casein micelles.

7. Conclusions

Concluding, adding whey proteins to SMP or MPCs
changes completely the behaviours seen after ther-
mal treatment (of 90◦C for 15 minutes); whey pro-
tein additions destabilize SMP systems and sta-
bilize different MPCs, disregarding the pH. Con-
cluded as well is that the higher the MPC protein
content, to reach the same stabilization more added

whey protein will be needed, and therefore a higher
stabilizing effect will be shown ((since in this case
samples are more unstable without any added pro-
tein).

More specifically, the responsible for this sta-
bilization are not whey proteins in general, but
only β-lactoglobulin, as α-lactalbumin, when added
alone, has no stabilizing effect.

A more theoretical conclusion can also be taken
by having verified with the data results showed that
indeed it exists a higher level of κ-casein disso-
ciation at higher pH values, contributing to form
smaller particles and to verify calcium-ion’s activ-
ity as very important in determining the stability of
the system, contributing to bigger particles formed
by denatured whey proteins and κ-casein still con-
nected with the remaining casein-micelles.

The scalability of this discovery was also tested
by supplementing SMP and MPC80 at a pH of 6.5
with 1% of WPI, and putting it through four dif-
ferent treaments: two treatments on the pilot plant
at the heat exchanger - at 90◦C for 10 minutes and
140◦C for 5 seconds (UHT), the usual water bath at
90◦C for 15 minutes in the laboratory and the au-
toclave for 121◦C for 15 minutes. Autoclave proved
to be the harsher treatment, for which only SMP
remained stable. The UHT treatment was not even
rehearsed for MPC80, since indications were present
that it would not withstand such a treatment - per-
haps a higher concentration of added whey protein
would avoid coagulation in the equipment. The
treatment at 90◦C for 10 minutes proved scale-up
to be possible, once the previous trends seen at the
laboratory were maintained.

The heat load applied is also important for the
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conclusions taken, mainly because it is quite milder,
not influencing some factors that could modify the
observed effects. This means that it is important
to have present that the conclusions taken are valid
inside the conditions applied.

8. Achievements

The major achievement of the present work was to
discover that MPCs can be stabilized during heat
treatment by simply adding β-lg. Since ingesting
more proteins is a current concern of societies and
alternatives are actively searched, adding this extra
isolate that could not only facilitate the process-
ing of the products but also increase its nutritional
content, will for sure bring increased value.

Some other components bring stability to the sys-
tem, but they are either not advisable to consume
(being the result of only laboratory research) or are
not as efficient as whey protein in stabilizing. Also,
since milk protein concentrates may be simpler to
use than skim milk powder in some applications, it
is advantageous to manage and control its proper-
ties correctly.

9. Future Work

Ideally, further development of techniques to mon-
itor changes in milk in situ during heating would
significantly advance the understanding of the heat-
induced coagulation of milk.

Different thermal treatments should be tried to
verify the validity of results, different pH values
should be tested to define ranges of behaviours, and
scale-up should be refined once it is the main final
goal. Some behaviours were slightly unequal to the
ones seen at the laboratory, and by regarding the
importance of predicting correct behaviours, more
information should be collected.

Also interesting to discover may be if the stabi-
lizing effect is due to an absolute bigger amount
of total whey proteins in solution or if indeed the
created ratio whey-caseins is more important, even
if maintaining the total protein content naturally
found in milk.
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