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AHEOLOGY ana FRAGTURE
MEGHANIGS ot FOODS



The main theme of this book is the rheological and fracture behavior of
foods. The focus is on the basic principles of this behavior, the determi-
nation of rheological and fracture properties, and the relation between
these properties and the structure of model food products.

People working in the field of food production have realized for quite
some time that the mechanical properties of food are essential quality
characteristics of these products. These properties play an important
role during the manufacture of food and intermediate products, their
storage, handling, and last but not least during consumption.

Initially, mainly empirical approaches were used for determining the
mechanical properties of food. This was especially the case with respect
to getting instrumentally an impression of humans’ perception of these
properties during consumption and meal preparation. Less than a cen-
tury ago, scientists generally considered sensory perception of the
mechanical properties of food during handling and consumption so sub-
jective and unreliable that it could not be studied seriously in a profound
way.

On the other hand, process engineers started to realize quite soon the
great value of determining the rheological properties of liquid and
liquid-like food products for improving existing processes of food pro-
duction and developing new ones. For this purpose, they could make
use of series of measuring methods and sets of equations describing the
flow of liquids under various conditions that were developed outside
food science and technology. However, many liquid and liquid-like foods
are structurally very complex. The description of the flow behavior of
these products turned out to be more complex than, for instance, that of
simple polymer solutions. Moreover, the relation between the rheological
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properties of foods and their sensory properties turned out to be very
complicated. Pioneering work on the rheology of food products was car-
ried out by the famous British scientist, Scott Blair, and his coworkers.

It was the valuable contribution of Alina Szczesniak and coworkers and
many other scientists that highlighted the essential role that the mechan-
ical (both rheological and fracture) properties of food (food texture)
play with respect to the appreciation of solid and solid-like food prod-
ucts. Moreover, after 1960 more and more methods became available
for determining these properties in such a way that the results obtained
were relevant for estimating the texture perception of food products.
In addition, there was a growing awareness of the importance of many
more aspects of the fracture behavior of food products for texture per-
ception of solid and solid-like foods than originally thought.

Initially, the fracture behavior of brittle (hard solid) food products was
characterized relatively simply by determining the stress at which the
product fractured. However, for soft solid products such as margarines,
butter, gels, various cheeses, jellies, dough, meat and meat products,
fracture behavior was observed to be much more complex than that of
materials usually studied in the field of fracture mechanics. Fracture
behavior was observed to depend on certain factors such as speed and
the way of deformation. It turned out that for a profound characteriza-
tion of the mechanical properties of soft solid products, concepts devel-
oped in the fields of rheology and fracture mechanics are required.

There are several good books available that discuss the rheology of
foods. Mostly they are limited to liquid and liquid-like food products.
Furthermore, there are several good books that discuss food texture and
how to measure it using instruments and/or human panels. In some of
these books, some aspects of fracture mechanics are also discussed. In
addition, there are various books on fracture mechanics of engineering
materials and/or polymer systems. However, as discussed above, for a
profound analysis of the mechanical properties of many food products,
one needs a basic understanding of rheology and fracture mechanics as
well as the ability to combine concepts from both science fields. With
this book, I have attempted to provide basic knowledge of both rheology
and fracture mechanics to enable the readers to gain a profound under-
standing of the mechanical behavior of various classes of food prod-
ucts. Moreover, a discussion is given on the relation between mechanical
properties and the structure of food products at various length scales.
In the last chapter, a short discussion is given on the relation between
rheological and fracture characteristics of foods and texture perception.

The book can be used as a course book for food science majors and
for students with a minor in food engineering. I realize that for both
purposes, a selection has to be made of the topics discussed to let the
content fit better with the background of the students following the
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course. The book is primarily written as a textbook; a second aim is
that it can be used as a reference book by people working in the field of
food research and development. I have tried to keep the mathematics at
a relatively low level (no tensor calculus). In places where a derivation is
given for a relatively complicated equation, I have tried to do so in such a
way that one can understand the most important steps in this derivation
without being able to follow the mathematics in detail.

For several chapters, I used parts of the chapter on rheology that I wrote
together with Hans Lyklema for volume IV of his book, Fundamentals
of Interface and Colloid Science. In addition, extensive use was made
of the numerous lectures that I have given as part of the courses on
rheology and fracture behavior of foods for undergraduate, graduate,
and postdoctoral students at Wageningen University and abroad and for
industries.

As mentioned above, I have made no attempt to cover all aspects of rhe-
ology and fracture mechanics of foods. Had I done so, the size of this
book would have doubled at least. Self-evidently, the selection of the
topics is colored by my experience and opinions and the extent to which
topics have been discussed in the literature. This is especially the case
for the choice of examples illustrating the relation between food struc-
ture and their rheological and fracture behavior.
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