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Abstract

Extensional flow properties have long been recognized as important for under-
standing the dough performance, and the experimental measurement of these prop-
erties has been the topic of many studies. Agroindustry by-products have potential
application as a source of fiber to wheat dough, bran composition, and their benefits
to human physiology have been investigated, their technological role as an ingredient
is still under study for a variety of cereal foodstuffs. This chapter provides an over-
view of functional properties and technological features concerning the breadmaking
process. Knowledge of the structural characteristics of WE-AXs cereal bran is useful
to explain the effects of cereal bran on dough properties. Also, lower arabinose/
xylose substitution of WEAXSs was in accordance with high intrinsic viscosity, and
develop higher extensional viscosity. Therefore, is important to identify the nature
of the interactions between various chemical compounds of fine bran throughout the
process of changing the flow behavior. Biaxial extensional viscosity is a rheological
parameter that determinates loaf volume and crumb firmness and is closely related to
the fiber, protein, and starch content in the flour’s bran blends. Thus, it reviews this
subject to elucidate the potentialities of these methods providing the reader with a
better understanding of the use of this technique.

Keywords: dough rheology, biaxial extension, wheat bran, viscoelastic behavior,

bran dough

1. Introduction

The most important test for product formulation of baked goods is to attain an
acceptable structure and texture [1]. Furthermore, enzymes that aim for the principal
polymers in the flour, such as amylose, amylopectin, gluten, and arabinoxylans, can
be used to influence dough and bread properties [2]. The arabinoxylans are char-
acterized as water extractable (WE-AXs) or water unextractable (WU-AXs). The
difference in their extractability accounts for various physicochemical properties. The
AXs are an important component of dough because they bind water and contribute
to viscosity. The WE-AXs play a more important structural role in dough and bread
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than the water un-extractable AXs [3]. At this point, it is worth mentioning that
arabinoxylans are the main component of wheat bran, which is also used to increase
the dietary fiber content in baked products. High content of arabinoxylans disturbs
the protein network formation during dough development and could affect the dough
properties.

Dough undergoes different stresses through the sequential stages of breadmak-
ing in which it is subjected to different kinds of deformations, fluctuating between
deformation from shear to elongation [4]. The governing deformation of dough
matrix between expanding gas cells is a biaxial stretching flow [5] and is related to
extensional viscosity information as attained from the biaxial extensional rheologi-
cal test. Conceptual considerations by van Vliet et al. [6], on strain hardening of
dough as a requirement for gas retention, have emphasized the interest in this type of
deformation for breadmaking. Biaxial extensional viscosity has been reported as an
important property for predicting loaf volume [7] and can be considered an indica-
tor of the bread quality when flour-fine bran blends are used [8]. The rheological
properties of dough and bread are importantly influenced by starch, protein, and
cell-wall matrices. The network formation of the gelatinized starch molecules plays a
vital role in crumb bread formation. Non-starch components in flour can also affect
starch gelatinization properties [9], but these properties have been considered in only
a minority of studies of flour-bran blends and bread quality [10].

Wheat bran enriched flour has an extended shelf life than whole wheat flour, yet
wheat bran has a negative effect on gluten network structure and alters the secondary
structure of glutenin changing the gluten network. This is due to changes in the physi-
cal structure and chemical bonds of dietary fibers and gluten. Deeper knowledge of
the effects of these components on gluten protein should guide the development and
production of improved flour products. In general, using wheat bran fractions can
expand the application range and improve the market appeal of wheat bran-rich flour
products [11].

2. Concepts of basic rheology

In essential rheology study the relation between forces applied to a material and
the resulting deformation as a function of time. The forces are characterized by both
size and direction; they are vectors. When stress is applied to a mechanically nonho-
mogeneous material, as many foods are, the ensuing relative deformation may vary
over the product [12]. Therefore, the change in distance between two points in the
material relative to the original distance should be taken as a quantitative measure
of the local relative deformation. This ratio is called strain. Thus, a strain is a vector
divided by a vector, resulting in a second-order tensor, and nine components are
needed to describe it completely [12].

These tensorial characteristics of both stress and strain make it essential to
perform rheological experiments in such a way that most of the stress and strain
components can be neglected for the calculation of a specific characteristic parameter
of the rheological behavior [13]. Although the rheology of wheat dough denotes
mechanical behavior, this comportment is a function of the chemical composition
and the spatial distribution of the components. Therefore, knowledge of a series of
disciplines is required in order to fully understand the mechanical behavior of wheat
dough. Figure 1 depicted some of the scientific disciplines that are involved in dough
rheology, including a short description of the issues that they attempt to resolve.
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Figure 1.
Picture of the disciplines related to wheat dough rheology.

2.1 Rheological classification of foods

As an initial point of the classification of foods according to the rheological
properties, we need to start mentioning the two ideal descriptions of the material,
the viscous material and elastic material. Nonetheless, these two descriptions only
serve as a point of reference, since many of the foods cannot be fully described as
either viscous or elastic, but both, and a lot of confusion exists over the term elastic
and viscous [13]. In many cases, materials are denoted elastic because of their high
deformability/extensibility. Moreover, many food’s reactions to stress or strain consist
partly of a viscous contribution and partly of an elastic one; they behave viscoelasti-
cally [13]. And a liquid is considered more viscous upon the addition of a thickening
agent, although after addition of a thickener the viscosity will have increased and
officially often the material has become relatively more elastic. To make things more
complicated, a material can be considered elastic or viscous depending on the time of
observation. Also, the length of the time the material is stressed or strained may play
a part, resulting in nonequilibrium behavior over short deformations time [14].

In the dough processing stages, such as mixing, sheeting, proofing, and baking,
dough experiences different mechanical deformations including extension or com-
pression. Extensional deformations mainly occur during the proofing and baking
process; hence, the extensional properties of dough have been seen as an important
factor to evaluate the dough baking performance [15]. Wheat dough is a non-Newto-
nian fluid, and its rheological behavior is heavily dependent on the type and strength
of stress applied. Additional, thermal processing during baking change the flow
behavior of the system [16].

2.2 The viscoelastic flow

A viscoelastic material presents a dual nature they have the properties of an
elastic (solid-like) and viscous (liquid-like) fluid simultaneously. A partial recovery
is obtained once the stress is removed. This flow behavior is also time-dependent
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and is not instantaneous [17]. Wheat flour doughs concurrently display features of a
viscous liquid and of an elastic solid and hence are classed as viscoelastic materials.
Fundamental characterization of dough viscoelasticity depends on techniques that
apply small strains, such as dynamic (oscillatory) measurements (in shear or com-
pression), to gain information on the structure of the material [18].

Nevertheless, while mechanical tests involving small deformations are very
valuable for obtaining information on the structure of gluten and flour doughs, they
barely show a clear relationship between the measured parameters and the function-
ality of wheat flour doughs throughout processing [19]. Through processing, data on
dough behavior needs the use of rheological large deformations test. Stress relaxation
and creep-recovery are suitable tools as their results may help to find links with
empirical tests. Also, these tests do not require to be performed within the linearity
range of the material, that is, at very low strain values [20]. Generally, dough presents
many experimental and conceptual challenges to the rheologist [21]. Problems such as
extended relaxation times and sample exposure to air make a consistent sample with
good reproducibility and it is awfully problematic. The viscoelastic properties are also
depended on the composition. Methods such as the water-correspondence principle
and rectifications for rheological age are really convenient in making sense of the
information collected from a series of different conditions [22].

As a polymeric material, the rheological properties of dough are the mechanical
responses to externally applied deformation, which largely reflects the structural
orientation and behavior of protein polymeric network [13]. The dough strength
or dough extensibility is governed by the number of entanglements within glutenin
molecules and the rate of gluten protein chain slippage [23]. Wheat flour dough also
exhibits strain hardening under the extensional deformation, due to the formation of
multi-branch structures in gluten network decreases the mobility of material compo-
nents, leading to an increase in the stress during deformation, being extensional stress,
the predominant deformation type occurring during fermentation and baking [24].

2.3 Bi-extensional flow

The leading deformation of dough matrix between expanding gas cells is a biaxial
stretching flow [25] and is linked to extensional viscosity data as attained from the
biaxial extensional rheological test. Theoretic considerations by van Vliet et al.,
on strain hardening of dough as a condition for gas retention, have highlighted the
interest in this kind of deformation for breadmaking [6]. Among the various methods
used for the determination of extensional properties of dough and polymeric materi-
als, lubricated squeezing flow has certainly received the most attention. The original
method involves uniaxial compression of a test piece between two circular plates at
constant force (e.g. constant stress) [26]. In a later publication, data on bi-extensional
viscosity of wheat flour doughs were related to loaf volume and crumb structure [27].

Currently, common extensional tests can be separated into two categories: uniaxial
and biaxial extension tests. Devices of the uniaxial extension type include exten-
sograph, Instrons, and other mechanical testing systems [28], although examples
of biaxial extensional devices include alveographs, and squeeze flows that induce
uniaxial compression [19].

It has been used to depict the behavior of polymeric liquids through the start-up
of steady extensional flow when stress increases faster than calculated by use of the
linear theory of viscoelasticity [29]. In the instance of wheat flour dough, “strain
hardening” merely denotes an increase of stress with strain at a certain value of the
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strain rate, and there is not a reference to their linear viscoelastic behavior; generally
undetermined, the value is purely descriptive and has no clear rheological meaning,
even if the measurements were done at a constant strain rate because it depends, at
least in part, on the transitory increase of stress due to the viscoelastic behavior of
dough [30]. Furthermore, data are obtained in most cases in unstable conditions.
Nevertheless, with this wide meaning, strain hardening is used in the dough rheology
literature, and the “strain hardening” parameter has set up a widespread interest in
relationship with dough behavior during proof and oven rise. The main idea is that
rather homogeneous growing of gas bubbles in dough without premature rupture and
coalescence should be favorable to maximum bread development [30]. In 2007, Abang
Zaidel et al. reported that the extensibility parameters of gluten from strong flour
provided higher values than from weak flour. The results are supported by the higher
strain hardening properties of the strong flour gluten, which prevents early fracture
of gluten samples [31].

Large deformation of the dough can be studied under lubricated uniaxial com-
pression, and the compression test is by far the most commonly used method that is
relatively simple to perform. There is no need to grip the sample, which is a problem
for a very soft solid, such as dough [32]. Yet, the drawback of the test is the presence
of friction between the sample and the loading platens. For an incompressible mate-
rial, such as wheat dough, tested under frictionless conditions is required, otherwise,
such friction leads to a nonhomogeneous stress distribution and invalidates the data.
Lubricants can be used to reduce friction but are difficult to completely eliminate,
especially at larger strains [32].

Extensive knowledge of dough viscosity plays an important part in production
control and equipment design. Dough viscosity is related to the quality of products and
might control it in some cases [33]. Industrial processes of dough usually involve large
strain rates in shear and extensional flows, and the viscosity of wheat flour dough may
depend on the type and properties of used wheat flour, the combination of prepared
dough, mixing conditions, and rest time. For instance, if the thickness of a dough wall
between two adjoining bubbles is locally reduced at a point, the stress will be higher
at this point and its deformation will increase much more than on the surroundings,
inducing further thinning and premature rupture [30]. We can use a technique that
simulate this phenomenon, consisting of the compression of a disk of wheat flour
dough between two parallel plates under lubricated conditions—called lubricated
squeezing flow (LSF)— can be used to characterize the rheology of wheat flour dough
stressed by the breadmaking process [34]. The resultant deformation is a biaxial exten-
sion of the dough, which mimics the deformation of the dough between two adjacent
bubbles, like those observed during the baking process. The test can be performed to a
large strain provided the dough remains perfectly lubricated (perfect slippage) [35].

2.4 Mixing

It is a crucial operation during the production of wheat flour dough products. The
quality of the dough has a great impact on the successive processing and the quality
of the final products [36]. When dough is shaped, an exterior force from mixing is
required so that interaction can be made between the flour and water. Optimal water
level is essential to be used in developing a cohesive and viscoelastic dough with
optimum gluten strength. During the development process, the dough is sheared
and stretched by stirring blades. With the extension of mixing time and the continu-
ous action of external forces, a gluten network gradually forms and then becomes
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destroyed [37]. The formation of dough is accompanied by the rupture and recombi-
nation of the gluten network [38]. Under different stress types (shearing, stretching,
compression, etc.) and intensities, the dough undergoes a variety of interactions,
resulting in extremely complicated stress-strain relationship, which seriously hinders
the exploration of its mechanical behavior [39].

Through mixing a large number of air cells are incorporated into the dough. Thus,
from a physical perspective, the dough can be studied as a foam. So, the stability of
the gas cells in dough is mainly affected by two physical mechanisms: disproportion-
ation and coalescence [14]. The amount to which these mechanisms affect the final
bread structure powerfully depends on the mechanical properties of the dough films
between the expanding gas cells. Subsequently, the large deformation and fracture
properties of these dough films are crucial for the quality of bread, of which an even
crumb structure and a high loaf volume are important value characteristics [14].

During the process of mixing, the dough is subjected to both large deformations,
uniaxial and biaxial, thus a continuous protein network is formed [40]. Kneaders
with spiral hooks incorporate mechanical energy typically by tension and compres-
sion, whereas shear rules in the rotating blades of high-speed mixers [41]. Generally,
in kneading processes, such as dough, the resistance to extension increases, so the
kneading energy increases and then, beyond a certain point, decreases [42]. Jekle
et al. found that, once an optimal point is passed, there is a weakening of the entire
system, because the mechanical input exceeds a certain limit, and the gluten network
is stretched too much, resulting in a weakening of the gluten network [43]. Aljaafreh
detected by stopping dough mixing nearby to the point of maximum resistance, that
high-quality bread is attained. Thus, the rheological properties of the mixed material
are related to the torque of the mixing machine [42, 44].

Cappelli et al., in a comprehensive review, conclude that enhancements to the
kneading process must initiate with an exhaustive understanding of the key process
parameters, followed by the implementation of a dedicated, real time control system
that can regulate when kneading needs to end. The final step is to apply the most suit-
able improvement strategy, as a function of production needs [45].

3. Wheat bran dough rheology

The use of by-products, such as cereal bran, in particular, wheat bran, has a great
potential to increase the dietary fiber content in breadmaking products because it is
available in most flours’ millers. It is relatively cheap and easy to use and almost does
not require pretreatment before its incorporation into the flour dough. Two major
strategies currently exist for adding dietary fiber to cereal food: extracting and puri-
fying the non-starch polysaccharides that make up the fiber and compose an intrinsic
part of cell walls in grain tissues, and directly adding grain fractions with high-fiber
content to the product. The latter strategy is more practical and easier to instrument.
Producing whole-grain products very similar to the original products and adjusting
consumer habits to foster acceptance of the new products may result in consumer
acceptance of whole-grain products that are high in fiber [46].

Using wheat bran in breadmaking process adds significant rheological problems,
primarily linked to the addition of non-starch components of the caryopsis. These
problems are due to the adverse impact of arabinoxylans, f-glucans, and other poly-
saccharides present when the development of the gluten network during the dough
mixing process [47]. Arabinoxylans, in particular, affect dough rheology and bread
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characteristics by binding water, increasing viscosity, and disturbing the formation of
the protein network during development [48]. Increased dough tenacity is the most
remarkable rheological problem related to bran addition [49], followed by a subse-
quence rise in the viscosity [50].

Therefore, there are different strategies to limit the negative effects of adding bran
to wheat flour. Numerous authors have studied the rheology of dough added with
bran, proposed methods to improve dough rheology, and enhanced bread charac-
teristics. There are several approaches to deal with these issues. Cappelli et al. 2018
relate the correct dosage of bran, middling, and dough water content [49] and the use
of enzymes, such as xylanase, amylases, glucose oxidase, and phytase [51]. Cappelli
et al. 2019 aimed to improve dough rheological parameters and bread characteristics
[45]. In particular, they present a new procedure in which the addition of bran and
middling’s during kneading is delayed, and whether this modified procedure can
enhance gluten development and improve wheat bran dough characteristics, both in
technological and nutritional terms.

3.1 Mechanical properties of wheat dough

Rheological properties of dough are not exclusively governed by the protein
composition or gluten protein network formation. The distribution of the starch
granules within gluten protein network and the interaction between starch granules
and protein branches could also impact the dough strength and dough extensibility
[15]. Bran fractions have a major influence on final characteristics of rich-bran breads
due to their effects on the development of the dough during mixing and fermentation.
High fiber incorporation had a strong impact on dough extensibility and also dem-
onstrate that water restriction (optimum amount for consistency white flour) can be
used to obtain information useful for improving our understanding of the breadmak-
ing quality of bran flours [52]. In addition, arabinoxylans structure has an influence
on the extensional viscosity of bran dough, structural differences among fine bran
WE-AXs are essential to explain the behavior of these molecules on dough behavior
and bread characteristics [53].

Determining the effects of fiber addition is quite difficult, since handling dough
containing soluble fiber is complicated, due to increased stickiness or because such
measurements are less popular than small deformation measurements [54]. Large
strain rheological measurements results, out of the linear viscoelastic range, can be
related to process behavior by means of uniaxial compression test, Cavella et al. 2008
showed that dough elongational viscosity and strain hardening index decreased when
adding up to 9% inulin, which suggests poor gas retention performance during dough
fermentation and, subsequently, lower final bread volume [55].

There are diverse explanations of the effect of fiber on dough extensibility, and
these effects may vary with the type and content of fiber. The extensibility of dough
is mostly determined by the polymerization state of the gluten protein network
[56]. Soluble dietary fiber mainly interacts with gluten protein noncovalently via
hydrogen bonds and is dominated by the hydration level [56]. Flow properties are
determined by the gliadins, and elongation testing revealed that glutenins contribute
to the strength and elastic properties of dough [57], though the development of
elasticity is fairly intricate. While helix/spiral structure can resist the intrinsic elastic-
ity of high molecular weight glutenin subunits, our understanding of the subjacent
secondary structure within the dough system elasticity is limited [57]. Belton, 1999
proposes “aloop and train model” that a higher degree of gluten hydration results in
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the formation of more ring regions governed by noncovalent molecular interaction
(mostly hydrogen bonds) [58].

Some theories have been proposed to explain how wheat bran affects the rheol-
ogy of dough; in general, dough rheology can be modified by wheat bran addition in
numerous ways through complex mechanisms: a) bran itself is very hard and can-
not be integrated with the gluten network; b) bran addition affects the structure of
the gluten network and the hydration process of gluten protein; and c¢) wheat bran
induces changes in the secondary structure of gluten protein, especially glutenin,
resulting in more sheet-like structure and less spiral-like structure [11]. Dough
extensibility predetermines the dough raising and, is an important quality parameter
in breadmaking process. Wheat bran decreased dough extensibility and resistance to
extension. Hence, the increased concentration of wheat bran in the dough formula-
tion reduced the dough strength and extensibility characteristic [59].

Most of these effects are related to the chemical composition and the structure
of the polysaccharides that constituted the caryopsis cell wall of wheat grain.
Amongst the cell wall polysaccharides in wheat and rye, arabinoxylans have been
widely studied, due to their effect on flour functionality and dough formation [60].
Often, arabinoxylans are distinguished into water-extractable (WE-AX) and water-
unextractable (WU-AX). The WE-AX is supposed to be loosely bound at the cell wall
surface, while WU-AX is associated with other arabinoxylans, proteins, or starch mol-
ecules [61, 62]. Degradation of WU-AX lowers viscosity and makes water available for
gluten or starch [63].

3.2 Xylanase use in bran dough

As previously mentioned, the addition of wheat bran to dough carries with it
certain negative effects, from a rheological perspective. However, it is a price that the
industry is willing to pay, and finally, the consumer is also willing to do so, all this for
the expectation of increasing the nutritional value of the product. The development
of functional ingredients from wheat bran has been a key area of research for cereal
scientists over the past 30 years, with a focus on the use of wheat bran to enrich prod-
ucts [11]. There is a rising awareness of the health benefits related to the consumption
of dietary fiber products [11]. Recognizing this fact, different strategies have been
developed to minimize these unwanted effects.

From a technological viewpoint, the existence of high amounts of arabinoxylans
in wheat flour is inconvenient [60, 64], as they can obstruct gluten formation in
wheat dough via several possible mechanisms. One of the proposed mechanisms is
the restriction of water in the dough limiting gluten development since arabinoxylans
compete for the water molecules [65]. Arabinoxylans from wheat bran has a high-
water affinity and are efficient in binding water, with a water holding capacity of
about five- to 10-fold higher than protein and starch [66]. It has been suggested that
wheat bran water binding is to be the greatest significant factor affecting bread qual-
ity [67], additionally, insoluble fiber may interact with the gluten protein, which has
detrimental effects on the gluten network [68].

Varied types of enzymes can be used as substitutes to the chemical improving
ingredients, that is, some hydrocolloids and emulsifiers, and those types used in bakery
applications can be acknowledged by the single word “enzymes,” a term which many
consumers perceive as natural and clean label compared to additives named by their
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Flourtype  Aim/objective of work Dough rheology Main conclusion Reference

properties

White Explain dough behavior Dough-mixing The increase of soluble Steffolani
and bread quality to properties. uniaxial pentosans promoted by ME, etal.
make a contribution to extensibility xylanase, increased dough 2010 [73]
the knowledge of enzyme viscosity and extensibility,
mechanism in foodstuffs. improved bread quality.

Bran flour Produce AXOS enriched Dough stickiness. The breadmaking process Damen B,
breads using xylanase The force (g) can be used to introduce etal. 2012
technology without required for AXOS in the diet since AX [74]
impairing dough separating the are naturally present in
manageability and final probe from the the traditional bread raw
loaf volume. dough surface was materials.

recorded.

Bran flour Study the different Mixing properties By-products can strongly Hemdane S,
enzyme labels and its using Farinograph. differ in chemical etal. 2015
effect on wheat bran composition, enzyme [67]
on breadmaking by activity levels and physical
using the properties and properties, inducing clear
functionality of different changes in dough behavior.
wheat milling by-products.

Bran flour Investigate the effects Biaxial extension Enzyme treatment exerted =~ Messia MC,
of lactic acid bacteria using the alveograph.  apositive influence on etal. 2016
fermentation and AX solubility in the [75]
enzymatic treatment dough, allowing a better
on AX solubility distribution of the water.
and technological
characteristics of dough
and bread.

Whole Investigate the effect of Shear stress and Xylanase containing Ghosha G,

wheat flour  xylanase extracted from uniaxial extensibility.  bread exhibited greater etal. 2017
Penicillium citrinum on the extensibility and less [76]
rheological properties of resistance to extension
whole wheat dough and as compared to control
its effect on flow behavior samples, and makes the
of dough under small and dough softer.
large deformations.

Brandough  The effect of a-amylase, Mixing propertiesby =~ The combination of LiuW, et al.
xylanase and cellulase on Mixolab, extension enzymes had a synergetic 2017 [77]
the rheological properties test using textural effect on the dough
of the bread dough with analyzer Kieffer test.  rheology due to the
15% content of wheatbran ~ Dough stickiness interactions among enzyme
compared to regularbread ~ Chen-Hoseney’s activities and their coupled
dough without wheatbran ~ method reactions.

Bran flour Wheat bran modificationby ~ thermomechanical The modified treatment Zhang H,
semi solid-state fermentation ~ properties were effectively alleviated the etal. 2018
and enzymatic hydrolysis. obtained from the damage of wheat bran [78]
Effects of treatment on the results of Mixolab. to the gluten network.

nutritional value of wheat
bran, thermomechanical
properties of dough and
thiol disulfide bonds (SS)

contents

However, the modification
did not improve the
thermal stability of gluten.
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Flourtype  Aim/objective of work Dough rheology Main conclusion Reference

properties

Bran flour Investigating the dry Mixing properties The study shows the ZhangL,
fractionation process to using the potential of AX-enriched etal. 2019
extract arabinoxylans- farinograph. fractions to be [79]
enriched fractions supplemented to bread to
evaluating the bread improved nutritional value,
baking performance of while maintaining high
the dry-fractionated bran quality.
fractions using xylanase on
bread quality.

Bran flour Investigates the effect The dough That cocktail enzymescan ~ Xue, etal.
of xylanase and extensibility test be used as more efficient 2020 [80]
arabinofuranosidase onthe  was conducted enzymatic improver that
rheological properties of using an extender can enhance the nutritional
the bread dough with15%  JMLD150, measure and technological
content of wheatbranand  dough resistance to functionality of WB for
their textural and sensory extension. improving the quality of
properties of final steamed WB rich products
bread.

Whole Evaluate the influence Dough extensional Xylanase must be Both J, et al.

wheat flour  of different micronized properties by implemented carefully, the 2021 [81]
whole wheat flour particle  textural analyzer. improvement in fiber-rich
sizes and different bread texture is necessary
xylanase contents to expand consumer
on dough properties acceptance of nutritional
and breadmaking by and functional foods
using response surface
methodology.

White-rye That enzymatic hydrolysis ~ Uniaxial extensional ~ doughs prepared witha MeusY, et al.

flours of WE-AX and/or WU-AX  viscosity using an modified water content 2021 [81]
influences the linear and ARES-G2 rheometer.  supported the hypothesis
nonlinear extensional that the observed decrease
rheology of white flours in dough extensional
dough and mixed doughs viscosity values resulted
prepared from various from release of water
blends of white and rye previously bound by AX.
flour.

Table 1.

Xylanase use on wheat dough, effects on arabinoxylans and dough rheology.

chemical composition. As consumers demand bakery products with more natural-
sounding ingredients, the commercial use of enzymes has increased in recent years [51].
An enzyme that catalyzes the hydrolysis of any non-starch polysaccharides can be
called hemicellulases, and xylanases are being used for some time now. Xylanase is
widely known to improve the dough and properties of flour, with beneficial effects,
such as softening the dough, increasing loaf volume, improving crumb structure,
and decreasing staling rate. Of these enzymes, endoxylanases are commonly used
in breadmaking [69]. Additionally, there are some efforts with the combination of
enzymes, for example, Laurikainen et al. (1998) studied the effect of three enzymes
(hemicellulolytic culture filtrate, xylanase, and a-amylase) on breads added with 5%
rye bran. They found a significant improvement in the bran bread with the enzymes
compared with its contra part not treated. The improvement in baking quality was
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attributed to changes in the cell wall polysaccharides caused by the enzymes [70].
Also, Katina et al. (2006) study the effects of sourdough and enzymes (a-amylase,
xylanase, and lipase) on bread added with 20% wheat bran. Sourdough and enzymes
combination results in loaves with crumb texture similar to the control, and also
showed the lowest rate of staling. The outcomes were attributed to degradation of cell
wall components that results in an enhanced gluten network, changes in the water
migration during staling, and reduced starch retrogradation [71].

Nowadays, there are many strategists with different approaches to address the
challenges of the bran addition to the flour dough and, the foods technologies, cereal
industry, and researchers have to tackle these issues. Thus, preprocessing treatment,
extraction method, and processing parameters affect AX properties and functional-
ity, so differences in the raw materials and methods used in different studies make it
difficult to draw solid conclusions, and more research is required around the interac-
tions between processing, molecular structure, and functionality of arabinoxylans
from the cell walls of wheat bran [72].

In the past decade, there are many efforts to dilucidated the importance of ara-
binoxylans in bread making and its effects on dough rheology, with an increased
tendency to add cereal bran and its fractions to the dough. Table 1 summarizes
several works that related the use of enzymes, xylanase in particular, with the dough
rheology added with cereal bran.

All these efforts are focused on solving the problems associated with the addition
of bran to wheat dough, in order to obtain products that are as similar as possible
to the original product, which is white bread. However, the consumer is willing to
sacrifice some attributes, with the expectation of obtaining a healthier product, since
the presence of cereals bran increase the fiber content.

4. Conclusion

The chapter examines the current research status on the cereal industry on this
matter, mostly from a food technology perspective. Extensional viscosity is a valu-
able tool for evaluating the rheological properties of bran dough and can provide
useful data for investigations to improve the process. With the gradual increase in the
consumption of bran added to bread, it is to be expected that the cereal industry will
look for new ways to increase the offer of new products and, it is here that the use of
enhancers such as enzymes, especially xylanases, can gain relevance in the develop-
ment of new products rich in wheat bran and, maintaining as much as possible, the
characteristics of a refined product. Nevertheless, even with the growing evidence
of the beneficial effects on health of the consumption of dietary fiber and, therefore
its use in the cereal industry, is important to be prudent in the claims made with
respect if the potential health benefit of the consumption of the high fiber products.
The reason for this, from the writers view, is because scientific terminology is not
understood entirely by the consumer and, the food industry may abuse this lack of
communication to abuse in advertising and, often put in front profit before consumer
wellness.
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