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ABSTRACT

This research was aimed at investigating the effects of flaxseed enrichment on
wheat dough and bread product and exploring the application of using infrared
radiation (IR) technique to-measure the surface temperature of bread during baking.

Flaxseed enrichment was made at 10%, 15% and 20% flour weight basis. Large

deformation rheological characteristics of fresh and refrigerated dough samples (at 4°¢C
for up to 35 days) were obtained using the Kieffer-type extensibility rig. The degree of
syruping .in refrigerated dough was measured using a centrifugal technique. The
instrumental textural property of bread was determined using a texture profile analysis

(TPA) technique. The specific. volume of bread loaf was measured using rapeseed

displacement method. Bread samples were also stored at 4°C and 18°C for up to 7
days to observe the staling behavior inferred from the evolution of bread crumb
hardness. It was found that flaxseed could be added up to 15% without any significant
effect on the rheological parameters of dough including the peak load, the
deformation at peak load and the distance to rupture point, and on the textural
parameters (hardness, cohesiveness, springiness and chewiness) of bread product. A
significant reduction of specific volume of bread loaf was detectable when flaxseed
enrichment levels were 15% and 20%. In general bread crumb hardening occurred
with a higher rate at 4°C compared to that at 18°C. The addition of flaxseed could
help retard the hardening rate of bread samples. For refrigerated dough, the degree

of dough syruping was suppressed upon the addition of flaxseed. A significant



correlation between the degree of dough syruping and some physical properties of
bread including specific volume, hardness, cohesiveness, and chewiness was found. As
compared to a baking process with a fixed temperature setting, baking with a step-
change temperature setting yielded bread product with lesser weight loss. The baking
process with the temperatures of 180°C, 120°C, and 170°C for stages 1, 2, and 3,
respectively, allowed bread samples to be properly cooked. The emissivity (€) value
of bread tended to linearly decrease with the increasing surface temperature. A high
correlation between the surface and the core temperatures of bread loaf suggests the
possibility of using IR technique for a real-time, non-contact temperature measurement

to monitor and control the baking process.
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CHAPTER 1

INTRODUCTION

1.1  Rationale
Bread is the staple food that could be found in any corner of the world. Bread

has become a part of daily meals since its invention by the ancient Egyptians.

Bread has long been consumed worldwide. The bread market is currently
growing with the size of USD 208.7 Billion and is expected to continually grow at a
compound annual growth rate (CAGR) of 3.6% during 2023-2029. North America and
Europe are considered as the biggest consumers of bread, while the increasing demand
has also been reported in other emerging economic regions of the globe, primarily in

China [1].

Although bread is one of the staples of our diet and has nutritional value, we
also know that bread may contain high calories. Nowadays people are conscious of
the health and nutritional value of their food. That’s why they are developing more

nutritious bread.

Bread has different types with different shapes, colors, textures, and flavors.
Bread is also made from many materials. Bread might not be considered a healthy
food since its composition which usually made of flour with high protein content.
However, there are other kinds of bread made from whole wheat flour called whole
wheat bread. This kind of bread is better in nutritional value such as the fiber content,
vitamins, and minerals which are retained in the bran layer of the wheat in the
ingredients but in exchange for them, the bread will come with some undesirable
aspects compared to the white bread [2]. The enrichment of flaxseed as the source of
dietary fiber has been reported to have some undesirable profiles on the dough’s
characteristics and the bread. The study of the stickiness of the dough development

as well as the reduction of the bread’s loaf were investigated in the fortified bread.



There has been declared the loss of textual perception and darker color upon the

addition of flaxseed [3], [4].

Some attributes such as physical characteristics including texture, flavor, and
crust color must be archived for consumer acceptance. These characteristics could be
formed from the early stage of preparation like formulation, storing, and baking step.
Getting bread with good quality is becoming interesting for the bakers and it requires
a lot of techniques in other to achieve that goal. Choosing the right raw materials or
addition of some nutritional supplement ingredient should be helpful for the health
aspect improvement but the usage of the right quantity must be studied to avoid any

undesirable outcome on the bread product.

For the prebaking bread, the impaired appearance might usually come with the
bread product. The solution should be concerned and studied. Baking is also the vital
step since baking temperature is one of the influental factor that affect the quality of
final bread product. Optimization of baking temperature must be considered for gaining
the bread quality as well as avoiding drawbacks like weight loss. The application of
some noncontact measurements might also be required.in terms of contamination

prevention and implementation on the industrial scale.

1.2  Objectives

The objectives of this research were:

1) To investigate the effects of flaxseed enrichment on rheological characteristics

of dough
2) To study the quality and staling behavior of flaxseed enrichment bread product

3) To investigate the effects of flaxseed enrichment on syruping behavior of

refrigerated dough

4) To explore the possibility to use infrared thermography technique to measure

the crust and crumb temperatures of bread during baking.



1.3

1.4

Scope of the Study

The effects of flaxseed enrichment on dough and bread product were studied
by adding ground flaxseed for three different levels including 10%, 15% and
20% flour weight basis. Rheological property of dough was measured using a
large deformation test with the Kieffer-type extensibility rig. Instrumental
textural quality of bread was determined using a texture profile analysis (TPA).
Staling behavior of flaxseed fortified bread was observed at two different
storage temperatures: 4°C and 18°C, for up to 7 days. The magnitude of staling
was determined from crumb hardness.

Dough refrigeration experiment was carried out at 4°C for up to 35 days. The
degree of dough syruping was measured using a centrifugal technique.

For noncontact temperature measurement, bread baking was carried out in the
temperature range of 120 - 190°C using three different three-stage temperature
settings -including 180°C-120°C-170°C, 180°C-120°C-180°C, and 180°C-120°C-
190°C. The temperature measurements were made using a thermal image

camera and an infrared sensor.

Expected Outcomes and Significance
The influences of flaxseed addition on wheat dough rheological characteristic
which could affect the processability and on bread properties which might have

adverse effects on consumer acceptability and bread shelflife.

The influences of flaxseed additional on syruping behavior of dough are crucial

information to obtain refrigerated dough with acceptable quality.

The emissivity value obtained from the temperarture measurement based on
infrared radiation is an important parameter for the application of a real-time,
noncontact temperature measurement as a tool to help controlling the final

quality of baking product.



CHAPTER 2

LITERATURE REVIEW

2.1  History of Bread

The history of bread has begun since the very first civilization of human history.
The evidence indicated the existence of bread bread-making 22,500 years ago when
people started farming and raising animals in the Neolithic Revolution. At that time,
archeological research mentioned that people started to transform the gains they
planted into food by cooking since they could not eat them raw and the methods
they might have used were sprouting, fermenting, roasting, boiling, and baking. Baking
was a better way of cooking since it could provide both nutritional value and practical
usage compared to other methods. The archaeological digs also found that systematic
starch collecting, and grinding happened a thousand years before agriculture's
inventions such as the grindstone [1]. The history of bread was also associated with
some of the country’s history like the Uruk, considered the world’s first city. The Urak
literature mentioned that bread was at the center of their concept of civilization. In
ancient Egypt, bread and beer were paired, offered to deities, and staples for daily life

as well.

2.2 Common Ingredients of Bread
Bread recipes normally consist of bread flour as the main ingredient, water, as
well as yeast as leavening argent, and other flavored substances like salt and sugar.

There are four of them which are the main ingredients for bread making [2].

2.2.1 Flour
First of them is flour which is the most important ingredient giving the bread

characteristic. Protein is the main component that could only be gotten from the



flour. The more protein content, the more gluten formation in the dough. The gluten
could only be formed from the protein when the dough is mixed. It is a stretchy
material providing dough strength and allows it to rise. The protein content varies
depending on the kind of flour used. For example, pastry flour contains around 9%,
all-purpose flour contains 10.5%, bread flour has 12.5% and high-gluten bread has 14%
of protein content. The bakers could also mix different kinds of flour in other to get
the dough with the amount of protein content they wanted. But they should consider
the outcome effects since different flour could provide their own uniqueness to the
bread. Whole wheat flour is'made of the whole kernel of wheat which also include
the bran and it could interfere with the gluten formation while mixing. It makes the
dough rise slowly and produces the bread with a denser texture, but it could provide
a nutty flavor and nutrition to the bread. Rye flour contains less gluten but more sugar
than wheat flour, this makes the dough sticky and rip apart easily. It takes more time

for baking at the low temperature used and the bread gotten is dense and gummy.

2.2.2. Rising Agent

It is the ingredient that makes the dough rise because of fermentation. They
could be yeast, preferment made with yeast, and starters that contain bacteria and
wild yeast. The most common we could normally be found in the bakery is yeast in
different forms such as fresh yeast, active dry yeast, and instant yeast. Fresh yeast is
a block consisting of active yeast cells in a sugar-water casing. It is preserved by
refrigeration with a shelf life of two weeks or could be frozen for a few months. It can
be added to the flour or crumbled onto the dough later in the mixing process with
the amount of two to four times more than the use of dry yeast. Active yeast is easier
to find and much more convenient than fresh yeast but there are detrimental effects
on bread dough. It comes in small packets or in a jar in the form of small granules
which contain mostly dried yeast. It could be kept in a sealed package for over a year
without refrigeration. Once open, it could be stored in the refrigerator for months.
Before usage, it needs to be mixed with warm water in other to activate it. Adding it

to cold water could kill the yeast since it is sensitive to cold, and it could then release



a chemical called glutathione that provide a bad effect on gluten. The last type is
instant yeast which is commonly used in the bakery. It is developed in the
combination of the convenience of active dry yeast and the quality of fresh yeast. It
is the little granules of yeast cells encased in a sugar coating and dried with a special
process, so it is also just like the dried yeast. Unlike active dried yeast, it is not sensitive
to cold, and it does not need to be activated before usage. It could be added to the

flour or sprinkled onto the dough during the mixing process.

2.2.3 Water
The simplest ingredient among others is water. Though it has important
characteristics for dough forming.  Water works as the solvent hydrating all the

ingredients and-enabling the molecule to move about in the dough.

224 Salt

Salt is normally noticed to give the salty flavor to the bread but there is more
to it. Salt can dehydrate the bacteria and work as a preservative to prolong the shelf
life of the bread. It also dehydrates the yeast and slows down the fermentation
reaction in the dough which gives a longer time for the fermentation process and
allows more flavor development. Furthermore, it could also make the gluten structure

become stronger by stabilizing the gluten network in the dough.

2.3  Wheat dough

The various texture of baked products is created from the structure of dough.
It is composed of three important elements including water, flour’s gluten proteins,
and its starch granules to create an integrated, cohesive mass. Dough is a mixture of
water and flour. Flour is generally presents more than water in dough and it is stiff
enough to be manipulated by hand. Water is used to bind with gluten proteins and
to the surface of the starch granules to form a semisolid gluten-water matrix. This

structure is temporary until it is heated or cooked, starch granules absorb water



creating a solid permanent solid structure in the form of a sponge-like network of
starch and proteins filled with millions of tiny air pockets called “Crumb”. While the

outer surface became dry and dense in texture called the “Crust”.

Gluten is a complex mix of some wheat proteins that don't dissolve in water
but do form associations with water molecules and each other. Proteins are long,
chain-like molecules developed from smaller molecules called amino acids. The
majority of the gliadins and glutenins, which make up the gluten proteins, are about a
thousand amino acids long. Glutenin proteins are long chains, while gliadins are shorter
and slobular. Glutenin is responsible for the elasticity of dough, while gliadin is
responsible for the extensibility— the dough’s ability to stretch without ripping [2]. A
short chain of the gliadins only binds to each other or to glutenin proteins. As the
glutenin bound to one another in a variety of ways, creating a vast, tichtly knit network.
Sulfur-containing amino acids can form strong sulfur-sulfur bonds with the same amino
acids at the ends of other glutenin chains. The availability of oxidizing agent-oxygen
in the air is required for the binding as well as certain substances produced by yeasts
or dough improvers. Most of the amino acids in the coiled middle stretch of the
glutenin molecule form weaker, temporary bonds with similar amino acids (hydrogen
and hydrophobic bonds). Glutenin chains thus link up with each other end-to-end to
form super-chains a few hundred glutenins long, and coiled stretches along their
lengths readily form many temporary bonds with similar stretches along neighboring
gluten proteins, resulting in an extensive interconnected network known as the
"Gluten”. Because the gluten is both elastic and plastic, it could withstand pressure
and return to its original form when the pressure is released. This makes it could
extend to consolidate the carbon dioxide gas created by yeast and oppose the

breaking point by the air pocket walls expension [3].

2.4  Dough Preparation

Mixing all of the ingredients is the first step in making bread. When flour and

water meet, a number of things happen. Water is absorbed by broken starch granules,



and enzymes break down the exposed starch into sugars. Alcohol and carbon dioxide
are produced by the yeast cells as they consume the sugars. The first strands of gluten
are formed by the coils of neighboring molecules that form many weak bonds with
one another after the glutenin proteins absorb some water and spread out into their
elongated coils. The dough takes on a semblance of a fibrous appearance, and we
can feel it joining together. When it is stirred, the protein aggregates join together to
form visible filaments. Simultaneously, numerous substances in the flour cause breaks
in and blocking of the end-to-end bonds of the gluten molecules, and so an initial
shortening of the gluten chains. The gluten molecules begin to bond end-to-end and
form long chains as the oxygen from the air and oxidizing compounds from the yeast

enter the dough.

The development or kneading of the dough-is the next step. The dough is
stretched, folded over, and compressed numerous times during this step. The sluten
network is strengthened by this manipulation. It unfolds the proteins further, orients
them side by side, and encourages the development of many weak bonds between
neighbors. Additionally, strong end-to-end bonds are formed between the slutenin
molecules, resulting in a cohesive network of extensive gluten chains. The dough
becomes ‘gradually stiffer, more difficult to work with, and has a fine, satiny
appearance.  Kneading also aerates the dough.  Pockets of air are trapped and
squeezed under pressure into smaller, more numerous pockets as it is repeatedly
folded over and compressed.. The final bread will have a finer texture as more pockets
are created during kneading. A large portion of the air pockets are integrated as the
mixture arrives at its maximum stiffness. The dough will then move on to the next
stage of fermentation, which will enable it to rise through the production of gas. At
temperatures around 35°C, yeasts produce the most carbon dioxide, but they also

produce larger quantities of sour and unpleasant-smelling byproducts.

For a relatively short rising time of a few hours, it is frequently recommended

to ferment at a temperature of 27°C. Lower temperatures may extend fermentation



times by an hour or more and with them the generation of desirable yeast flavors. In

the end, the dough could be baked to provide the bread as the final product [3].

2.5 Bread Baking

Baking is one of the most essential parts of the process of breadmaking. Since
the bread quality could be defined from the baking step, choosing a good condition
to bake the bread should be a concern for the bakers. The temperature could be the
main parameter concerned for baking because it is the important factor affecting the
baked product in any food processing. Cooking food at too low temperature could
make the food uncooked, but the too high temperature could overcook or burn the
food as well. In breadmaking, the appropriate baking temperature could provide the
bread with good quality since the optimum temperature is needed for each step of

the cooking mechanism in the baking process.

According to [4] the baking of bread normally devided into 3 stages. Each stage
of baking, there’s specific mechanism as well as the reaction happens and it had been
demonstrated as follows. At Zone 1, the bread should be baked by varying the
temperature to stay-in a range of 180° to 210°C, letting the temperature at the center
of the bread or core temperature started increasing until it reaches around 40°C. At
this temperature; it allowed the creation of an enzymatic reaction inside the bread as
well as the growth of yeast activity releasing carbon dioxide. The volume of bread
was expended. For the baking in the Zone 2, the core temperature should stay around
40°C to 60°C. For archiving this, the bread should be baked at the temperature in a
range of 90°C to 120°C. At this temperature, some activities of enzymes are still
occurring as well as the growing of yeast like the first stage of baking. For Zone 3, the
temperature at the center of the bread should start increasing from 60°C to 98°C and
stay stable for a period. The evaporation of moisture and gelatinization actively
happened at the temperature of 98°C to 99°C. At this core temperature, the surface
temperature was in the range of 150°C to 205°C allowing the browning reaction to

occur on bread surface. The temperature should be set stable for about 10 min to
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make the browning reaction happen as well as to evaporate some organic compounds

producing the bread’s smell.

2.6  Bread Staling

Staling is the physical-chemical changes occurring during bread storage that
lead mainly to an increase of crumb firmness and loss of freshness. The process of
Staling, which takes place in the days following baking and appears to involve the loss
of moisture, results in a dry, hard, and crumbly interior to the bread. It turns out that
bread will stale even when there’s no net loss of maisture from the loaf. When
cooked starch iis then cooled, it hardens as a result of starch retrogradation,
recrystallization, migration of water out of the granules, and other processes. The
simple straight-chain amylose molecules undergo retrogradation during the initial
firming of freshly baked bread, which is nearly complete wit