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Abstract:
Laboratory-scale experiments were carried out to explore the influence of the composition of the fat phase on
mechanical and rheological properties of processed model cheeses. Cheeses made from caseinates, emulsifying
salts and a milk fat fraction liquid at 24°C, which was achieved by thermal separation, showed much lower mod-
uli than processed model cheeses manufactured with a fat fraction solid at 30°C. Processed model cheeses made
from caseinates, emulsifying salts and a hard butter with a low amount of unsaturated fatty acids were signif-
icantly higher in firmness than cheeses made with soft butter with a higher amount of unsaturated fatty acids.
In experiments using mature Gruyère and emulsifying salts, processed cheeses made from summer Gruyère
were less firm than processed winter Gruyère. The results indicate that fat composition strongly affects mechan-
ical properties of processed cheese, and a model is provided to explain structural changes during deformation.

Zusammenfassung:
Der Einfluss der Fettphase auf mechanische und rheologische Eigenschaften von Schmelzkäse wurde mit Hilfe
von Modellproduktionen im Labormaßstab ermittelt. Modellkäse aus Caseinat, Schmelzsalzen und einer bei
24°C flüssigen Milchfettfraktion, die durch thermische Fraktionierung erhalten wurde, zeichnen sich durch
wesentlich niedrigere Moduln aus als Käse, die mit der bei 30°C festen Fettfraktion hergestellt wurden.
Schmelzkäseprodukte aus Caseinat, Schmelzsalzen und harter Butter mit einem niedrigen Gehalt an ungesät-
tigten Fettsäuren erwiesen sich als signifikant fester im Vergleich zu Käsen, die mit weicher Butter produziert
wurden. Schmelzkäse auf der Basis von reifem, in der Sommerperiode hergestelltem Gruyère waren signifikant
weicher als Schmelzkäse aus in der Winterperiode erzeugtem Gruyère. Die Tatsache, dass die Fettzusam-
mensetzung die mechanischen Eigenschaften von Schmelzkäse stark beeinflusst, wird anhand eines Modells,
das strukturelle Unterschiede während der Deformation aufzeigt, erklärt.

Résumé:
Des expériences à l’échelle du laboratoire ont été entreprises afin d’explorer l’influence de la composition en
matières grasses de fromages industriels types sur les propriétés mécaniques et rhéologiques. Les fromages éla-
borés à partir de caséinates, de sels émulsifiants et une fraction de graisse de lait liquide à 24ºC, qui ont été
obtenus par séparation thermique, présentent des modules bien plus bas que les fromages industriels fabriqués
avec une fraction de graisse solide à 30ºC. Les fromages industriels élaborés à partir de caséinates, sels émulsi-
fiants et beurre solide avec un léger ajoût d’acides gras insaturés, présentent, de manière significative, une fer-
meté plus grande que les fromages obtenus avec du beurre mou et ajoût plus important d’acides gras insaturés.
Dans les expériences utilisant du Gruyère arrivé à maturité avec des sels émulsifiants, les fromages faits avec
du Gruyère d’été sont moins fermes que ceux fabriqués avec du Gruyère d’hiver. Les résultats indiquent que la
composition en matières grasses affecte fortement les propriétes mécaniques du fromage industriel, et un
modèle est présenté afin d’expliquer les changements structuraux durant la déformation.
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1 INTRODUCTION
Rheological and texture properties of cheese are
affected by its chemical composition, with the
amount of fat in dry matter and the ratio of water
to solids-non-fat being the most commonly used
parameters to determine the type of cheese (i.e.
hard, semi-hard or soft cheeses), but also by fac-
tors such as cheese-making technology or intensi-
ty of proteolysis. From a structural point of view,
cheese consists of a continuous protein matrix,

wherein the fat globules are dispersed [1]. Fat
globule size heavily depends on cheese technolo-
gy and may vary from several microns for raw milk
cheeses to below 1 µm in cheese made from
homogenized milk or in processed cheese.

In natural cheeses, fat globules occupy void
spaces in the open protein matrix thus acting as a
kind of filler in a composite [2]. At a given filler con-
centration, technology obviously influences the

© Appl. Rheol. 11, 1, 19-25 (2001)

AR •Vol 11• Nr. 1 für PDF  28.02.2001  11:05 Uhr  Seite 19

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org



24 Applied Rheology
January/February 2001

tion may prevent protein particles to interact
directly with the emusified fat [9, 28]. In these
cases, differences attributable to fat composition
may solely represent a function of the filler itself.

However, in case of natural cheese, calcium
in the Ca-paracaseinate complex is, during pro-
cessing, removed by the ion-exchange capabili-
ties of the melting salt, and insoluble paraca-
seinate is solubilised. Polyvalent anions from
emulifying salts become attached to the protein,
thus increasing hydrophilic properties [7], and
the protein may interact with new membranes
formed on the surface of the fat globules [8].
Therefore, filler-matrix interactions additionally
influence the rheological properties of the entire
system. Fig. 6 gives a presumptive model on
changes, which might occur during uniaxial
deformation by considering a different ratio of
solid to liquid fat within the fat globules. From a
deformation of a system with a soft fat fraction,
i.e., a low amount of fat crystals and a higher
amount of oil in the emulsified globules, some
rearrangement of the matrix with lateral elon-
gation may be expected. The fat globules them-
selves may easily be deformed, with the result-
ing ellipsoids filling the void spaces in the matrix.
There is only a minor contribution to the firmness
of the entire system, and the macromolecular
protein system is able to store energy by elastic
deformation. 

If a system with fat globules containing a
higher amount of solid fat crystals is subjected to

a similar deformation, the globules will obvious-
ly contribute to a larger amount to the firmness
of the system. As the globules themselves are
stiffer, they cannot be deformed easily, and tend
toward retaining their shape. This may cause
some non-destructive rearrangements, elonga-
tion and flow within the protein matrix. The
higher slope of G’ vs ω, found experimentally for
the processed model cheese with the high melt-
ing fat fraction incorporated, corresponds to
shorter relaxation time through the linear vis-
coelastic theory [29] or, in other words, to a rela-
tively higher amount of energy dissipated during
the deformation process.

For the Gruyère raw material used for
processed cheesemaking, average iodine values
were 41.7 and 32.2 for raw Gruyère manufactured
in the summer and in the winter period, respec-
tively. The difference is larger than the difference
between the fat fractions separated by thermal
treatment. This indicates that the effects
obtained by fat separation may be exceeded dur-
ing normal milk production simply by natural
variations in the feeding regime. Apart from the
differences in texture and rheological properties
of processed Gruyère from summer and winter
cheeses, which can be attributed to the proper-
ties of the fat phase, we also observed a signifi-
cantly lower firmness than in processed model
cheese. In this context, effects of proteolysis,
which lead to a partial degradation of casein into
smaller peptides, have to be considered.

Fig. 6: Schematic presenta-
tion of processed cheese

and a model for structural
changes during deforma-

tion.
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