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Abstract

In the manufacture of food products such as bread, pasta and noodles, the choice of the grain
(wheat) flour must aim to meet the expectations of the potential customers. Texture wise, bread,
pasta and biscuils have completely different characteristics, which relates to the choice of the
flour used in their processing. For example, in the manufacture of bread, a higher proportion
of the larger molecular weight polymeric glutenin proteins is required in the choice of the
wheat flour than for the production of biscuits. As a direct result, the focus of much of the
current science, technology and economics of food technology is the role of Molecular Weight
Distribution (MWD) of the proteins in controlling desired texture and functionality properties.
The MWD problem is an excellent example of the process of “linking mathematics to data”,
where il is the key in the utilization of modelling and simulation to answer specific questions
about real world problems. It is now widely accepted that the rheology of polymers (bio as
well as synthetic) depends on the size of the larger molecules, which they contain.

Introduction

The familiar characteristics of food relate back, in one way or another, to some unique
rheological characteristic which is being exploited, where “theology” is defined to be the
“science of flow and deformation of matter” (see Barnes et al,1989) and describes the
interrelation between force, deformation and time. The term comes from Greek “rheos” meaning
to flow. Rheology is applicable to materials, from gases to solids. The science of theology is
only about 80 years of age. It was founded by two scientists, i.e. Professor Marcus Reiner and
Proiessor Eugene Bingham, during the meeting in the late 1920’s. Their common interest,
were having the same need for describing fluid flow properties. The Greek philosopher
Heraclitus described theology as panta rei-everything flows. Translated into rheological terms
by Marcus Reiner this means everything will flow if you just wait long enough. Fluid rheology
is used to describe the consistency of different products, normally by the two components, i.e.
viscosity and elasticity. By “viscosity” is usually meant resistance to flow or thickness and by
“elasticity” usually stickiness.

Classification of Materials
Fluids are normally divided into three different groups according to their flow behaviour:

(a) Newtonian Fluids: The viscosity of a Newtonian fluid is dependent only on temperature
but not on shear rate and time. Examples: water, milk, sugar solution and mineral oil.

Bruneiana: Anthology of Science Articles 3 2002 15



(b) Non-Newtonian Fluids, time-independent: The viscosity of a Non-Newtonian time
independent fluid is dependent only on temperature but also on shear rate. Depending on
how viscosity changes with shear rate, the flow behaviour is characterised as:

+  Shear thinning-the viscosity decreases with increased shear rate

«  Shear thickening-the viscosity increases with shear rate

+  Plastic-exhibits a so-called yield value, i.e. a certain shear stress must be applied
before flow occurs

Shear thinning fluids are also called pseudo-plastic. Examples: paint, shampoo, slurries, fruit

juice concentrates and ketchup. Shear thickening fluids are also called dilatant. Examples:

wet sand and concentrated starch suspensions. Examples of plastic fluids are quark, tomato
paste, tooth paste, hand cream, some ketchup and grease.

(c) Non-Newtonian Fluids. time dependent: The viscosity of the fluid is dependent on
temperature, shear rate and time. Depending on how viscosity changes with time, the
flow behaviour is characterised as:
= Thixotropic-(time thinning, i.e. viscosity decreases with time)

*  Rheopectic-(time thickening, i.e. viscosity increases with time)

Thixotropic fluids are quite common in chemical as well as in food industry. Rheopectic fluids

are very rare. Note that some fluids show some time thinning behaviour due to breakdown of

structure. This phenomenon is sometimes known as rheomalaxis. Examples of thixotropic

. fluids are yoghurt and paint whereas an example of rheopectic fluids is a gypsum paste.

The Rheology of Food

As previously explained, most food are classified as Non-Newtonian Fluids, according to their
flow behaviour. Each food has its own unique rheological characteristic, which is being
exploited. For chocolate, it is the complex solidification phases of the cocoa butter it contains,
which gives it its unique crystalline structure. For yoghurts, buttermilks and mayonnaises, it is
the properties of gels, which determine their rheology. Whereas, for wheat-flour doughs
(biopolymers), it is the larger molecular weight glutenin proteins which control their viscoelastic
and low gas diffusivity, which are so important in guaranteeing the gas bubble stability which
determines the quality of the end product (bread, noodles, pasta, biscuits) after cooking.

The mathematics required to model and simulate the processing of these three foods must
reflect directly the particular rheological characteristic being exploited. For the chocolate, one
must understand and model the tempering process, similar but more complex than that applied
to the strengthening of steel, which leads to the formation of one of the biggest man-made
crystals. For the yoghurts, buttermilks and mayonnaises, the temperature dependence of the
gellation point, and the variation of the structure due to shearing, influence the nature of the
mathematical modelling invoked. Whereas, for wheat-flour doughs, the mathematics of polymer
dynamics is a key aspect. Some of the glutenin protein molecules in wheat-flour dough have
enormous sizes (cf Wahlund et al., 1996; Wrigley, 1996), which can have relative molecular
masses of the order of tens of millions. Because of the insolubility of such proteins in water,
special techniques must be applied, to determine their molecular weight. Such procedures
represent a direct experimental way of solving the Molecular Weight Distribution (MWD)
problem. As a direct result, the focus of much of the current science, technology and economics
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of food technology is the role of Molecular Weight Distribution (MWD) of the proteins ir
controlling desired texture and functionality properties. (cf MacRitchie, 1992).

The Molecular Weight Distribution

In many ways, from a modern macromolecular perspective, the origins of the MWD problem
can be quite precisely identified and dated. The 1953 Nobel Prize for Chemistry acknowledged
scientifically the validity of Herman Staudinger’s 1920 hypothesis that smaller molecules
combined chemically by normal valency bonding, not physically as organic colloids as had
been previously proposed, to form larger chain-like structures for which he suggested the
name “macromolecule”. (See Staudinger, 1924) In addition, Staudinger concluded (cf. “Herman
Staudinger” in a recent Encylopaedia Britannica) that

(a) Molecules could be synthesized to form (linear) higher-polymer (macromolecular)
networks such as synthetic plastics;

(b) the synthesized molecules would maintain their individuality despite chemical
modification;

(a) the viscosity of such networks was related to the molecular weight of the largest polymer
components.

The implicd universality of the properties of polymers is now widely accepted and exploited.
As cxplained in Dot and Edwards (1986), “The macroscopic properties depend only on a few
parameters specifying the molecular characteristics, and in so far as these parameters are the
samc, different systems behave the same way. An important feature of this is that if experimental
data arc plotted in a way, which eliminates the dependence of the parameters, various systems
behave in the same way. Indeed such reduced plots have been found for various physical
propertics of polymer solutions and melts.”

Such understanding has led to the development of the single (see Doi and Edwards, 1986) and
double (see Des Cloizeaux, 1988) reptation concepts for the dynamics of polymer solutions. In
the former, the individual polymer molecules reptate in their tube of influence determined by
the properties of the surrounding molecules of the solution. The key assumption is that each
molecule behaves independently of each other except for the tubes of influence they impose
on the dynamics of each individual polymer molecule. In the formulation of double reptation
model, key assumption, invoked because of a failure of the single reptation model to adequately
predict some of the experimental data (see Des Cloizeaux, 1988), is that the reptation is a two
way interaction between an individual polymer molecule and each of its neighbours
(independently). In fact, one can use conditional probability to derive the single and double
reptation models on the basis of the above assumptions (Anderssen, 1999).
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