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1. Celiac Disease and Gluten-free Diet
Celiac disease is activated by the consumption of some
storage proteins present in cereals, which are usually
classified as prolamins, as they are soluble in 70-90 %
alcohol [1,2]. Wheat prolamins, called gliadins, together
with another storage protein glutelin, could form a
complex called gluten, which is responsible for
rheological and mechanical properties of the dough and
wheat based food. In this form the protein could be
isolated from various species of the genus Triticum
(common wheat, spelt, durum, kamut), as well as triticale.
Among other prolamins, which could be dangerous for
people with celiac disease, there are secalins, from rye,
and hordeins from barley (both from Triticae tribe).
Grains of grasses from other subfamilies then Pooideae,
do not contain prolamins with similar activity. Even oats,
which is in Aveneae tribe, is considered as a safe source of
protein for most of celiacs, especially as it contains low
amounts of prolamins [3,4,5], however immunological
reactions could be observed for some patients [6,7] or
some oats varieties [8,9,10].
Among other effects celiac disease could cause
problems with absorption of nutrients including micro and
macroelements and vitamins. The removal of wheat,
barley and rye from the diet requires changes of eating
habits, as these cereals often constitute the basis of daily
nourishment, which could be a problem for some patients
[11]. Products which have to be removed include
traditional bakery products, pasta, groats, flour based
sauces and soups, and many confectionary products and
snacks [12,13].

2. Bakery Products as the Basis of
Traditional Diet
According to the rules of rational nutrition, every diet
should be balanced and supply all necessary products:
energetic, building and regulatory. The large set of
nutritional rules is sometimes presented in a simplified
form as food pyramid, in order to indicate which groups of
products should be eaten regularly, and which only
occasionally, indicating the necessity for variety,
proportionality, and moderation [14]. There could be
many forms of food pyramid, but its basis is often build
by non-refined cereal products [15]. Despite of the fact,
that the concept of food pyramid is criticized as
misleading and wrong in many aspects [16] and that it was
recently replaced with a plate ideogram [17], the scientific

reasons for its development, as well as for the
consumption of whole meal bread are justified.
Bakery products are traditionally eaten by most people,
although over the last decades there is a trend to decrease
their consumption it is still the basis of balanced diet and
the most commonly consumed food product [18,19,20,21].
Consumption of bread supplies organism with important
nutrients and dietary constituents, because it contains not
only necessary calories but also protein, dietary fiber and
fat rich in unsaturated amino acids, as well as vitamins
(especially B), minerals, antioxidants and phytoestrogens
[18,19].
A decrease in consumption of cereal products,
including bread, seems to be inevitable in the case of
celiacs, because of the limited availability, higher price
and varying quality of gluten-free cereals [22,23].

3. Gluten-free Bakery Products
As it is necessary to remove wheat flour from glutenfree formulations, it has to be replaced with flours
naturally free of gluten such as maize or rice, or starches
of various botanical origin [24,25,26,27]. The latter group
includes also wheat starch, which can be used only after
careful removal of protein traces.
In traditional bakery products gluten provides a
network, which is responsible for water binding and
viscoelastic properties of the dough, allows gas retention
and supports final porous structure of the crumb
[28,29,30,31]. After its removal these properties have to
be supplied by other components of the dough, which are
present in native flours or could be added to starch as
admixtures [32,33,34].

3.1. Gluten Free Flours
The choice of non-wheat flours in the production of
gluten-free bakery products depends on many factors,
such as availability, price, quality attributes of the final
products. The consumers often look for the type of bread
which would most resemble traditional products available
on the local market.
Maize flour is easily available in most countries, and
could be utilized as an ingredient for the production of
gluten-free bread, however its use in such formulations is
usually limited, probably due to disctinctive flavour and
intensive yellow color [35]. Much more popular are bread
products based on rice flour [36-41]. Among the flours
which are produced in smaller quantities or available only
in certain regions of the world special attention should be
put to those of sorghum [42,43,44], millets [45,46,47],
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quinoa [48,49], amaranth [50,51,52] and buckwheat
[53,54,55,56].
The regulations, which allow to apply oats flour in
gluten-free products, give a chance to prepare new
formulations based on this raw material, which could
result in a good quality products comparable to wheat or
rye bread [45,57,58].

3.2. Raw Materials for Gluten Replacement
Among the raw materials that could be added to
provide viscoelastic properties of the starch based dough,
the main group could be classified as hydrocolloids –
hydrophilic polymers of plant, animal, microbial or
synthetic origin. In the production of gluten-free bread the
most common are pectin, guar gum, xanthan gum, locust
bean gum, -carageenan and cellulose derivatives
[24,27,59,60,61,62].
Certain additions are also used in order to provide taste,
color and nutritional value. They include sugar, salt, eggs,
dairy products, fats and enzymes [27,30,32,63,64,65,66,67].
Some substances, such as peptides, organic acids,
oligosaccharides, could be provided via the application of
sourdough technology, depending on the flour origin and
starter type [68,69,70,71,72].

4. Quality of Gluten Free Bread
Production of gluten free bread is much more
complicated than traditional baking, because of time
consuming adjustment of raw materials and processing
method. The wide range of possible ingredients, including
starches of various botanical origin, and hydrocolloids,
makes it difficult to compare various formulations, which
should be further adjusted with suitable amounts of water
to give the dough with appropriate viscosity and stability,
and bread with a good volume and well structured crumb
[27,33,52,73]. Even more difficult is the choice of
nutritional additives which would be most suitable for
celiacs, and could be applied to bakery products at
reasonable amounts.

5. Nutritional Value of Gluten Free Bread
Nutritional value of gluten free bakery products
depends mostly on the source of raw materials. Due to the
presence of large quantities of starch caloric value of
gluten free bread is usually comparable with traditional
products. However the level of other components highly
vary between different formulations, which should be
taken into account by people following gluten free diet.
This is especially important in the context of obesity
problems among celiacs [74,75,76].
Properly balanced gluten-free diet should have
appropriate energetic value, but also provide certain levels
of all necessary macro- and micronutrients. Gluten free
bread is often low in protein, dietary fiber and minerals in
comparison to traditional wheat bread. At the same time it
could be high in fat, especially of plant origin, which is
used to provide porosity for the crumb, and slow down
rapid staling, caused by starch retrogradation.
Bakery product are a good medium for nutritional
supplements, which could make them functional food,

however such additions are difficult from technological
point of view, and could negatively affect quality and
product acceptance [65,77,78].
Low nutritional value of gluten free bread in
comparison to traditional bakery products prompts to
search the ways of its supplementation. It could be done
by the addition of whole and ground seeds of gluten free
plants (legumes, oil producing plants, nuts), flours from
edible tubers, as well as fiber and protein preparations,
vitamins and minerals [60,63,64,79,80,81,82].
Supplements could modify the quality of bread in a
number of ways, depending on their quantity and
properties. The application of flour-like additives is
usually much more valuable than modification of starch
blends, because they usually provide substantial amounts
of protein, fiber and antioxidants. Addition of fiber is
usually limited to several percent, because of its negative
impact on quality parameters of the crumb. In the case of
gluten-free bread it is especially important, as the structure
of such products is normally weaker than of their wheatbased equivalents [30,50,83,84].

5.1. Protein
Depending on the origin and milling technology the
content of protein may significantly vary. Generally it
cannot exceed values characterizing whole grains of
gluten-free plants, such as amaranth (12–17% protein),
buckwheat (11–12%), corn (10%), millet (8–19%), quinoa
(16–20%), rice (6–7%), and sorghum (11–13%) [85], and
decreases with the removal of outer layers and embryo.
Similar variability could be observed in the content of
selected protein fractions: albumins, globulins, prolamins
and glutelins, which depends on the botanical origin of the
plant (the latter two groups are typical for most cereals,
while pseudocereals and legumes are rich in soluble
fractions), and the place of protein biosynthesis (e.g.
cereal endosperm contains mostly storage proteins, while
aleuronic layer and embryo are rich in enzymes and
regulatory proteins). As a result, proteins present in
various plants have different amino acid composition and
structure which could influence human organism in a
variety of ways, including immunological activity.
Apart from proteins provided with the flours, gluten
free bread contains a small amount of microbial proteins,
added with yeasts and sourdough starters or synthesized
during fermentation. Proteins and raw materials rich in
them could also be added as improvers or technological
aids (milk powder, gelatin) as well as for nutritional
reasons, to overcome the deficiencies of gluten-free diet
[86].
Properties of proteins in gluten-free dough could be
modified by hydrolyzing and cross-linking enzymes,
which has a direct impact on rheology. Specifically the
presence of glutamic acid residues allows to use
transglutaminase as a structure forming agent [67,87].

5.2. Carbohydrates
Starch is the most important component of bread, which
could not be replaced by other substances. Depending on
biological origin it could significantly vary in its granular
structure, molar mass and amylose content, which has a
direct impact on functional properties and digestibility.
Apart from native starches also physically or chemically

International Journal of Celiac Disease

modified starch could be used in bread formulations. Their
technological parameters, such as water binding,
gelatinization temperature, gelling properties are
optimized so as to facilitate dough preparation and baking
or improve dietary properties of the products
[88,89,83,90].
Typical gluten-free dough formulations contain
polysaccharide hydrocolloids, such as arabinoxylans, guar
gum, Arabic gum, xanthan gum, locust bean gum, and
cellulose
derivatives,
namely
hydroxypropylmethylocellulose
(HPMC)
and
carboxymethylcellulose (CMC). Their addition is usually
low (a few percent), which makes gluten free bakery
products deficient of dietary fiber in comparison to typical
bread, especially based on whole meal. It is possible to
supplement them in this dietary constituent by adding
various types of soluble and insoluble polysaccharides
such as inulin [91,92], and byproducts obtained during
processing of fruit and vegetables [84]. Such additions
seem to be especially important in the context of observed
deficiencies in nondigestible carbohydrates in the diet of
celiacs [78].
Nutritional status of bread depends highly on the type
of carbohydrates it supplies, as they could highly differ in
their rate of absorption and metabolism. A useful tool to
monitor this phenomena is glycemic index (GI), which
allows to classify food based on carbohydrates on the
basis of postprandial glucose level in blood [93].
The value of GI is calculated by dividing the area under
the glycemic curve obtained after consumption of the
product containing 50 g of available carbohydrates by
equivalent area measured after eating standard product
(usually glucose or white bread) containing the same
amount of carbohydrates [94,95]. Consumption of
products with low GI (< 55) results in a slow and limited
increase of glucose level in blood, while after eating
products with high GI (> 70) their digestion and
absorption is rapid, which is followed by quick growth in
concentration of glucose in serum [96,97,98].
Products with high amounts of easily digestible
carbohydrates, including starch, usually reveal high
glycemic index [99]. However there are many factors
which may modifiy its value, e.g. the presence of slow
digestable carbohydrates [100]. High viscosity non-starch
polysaccharides slow down absorption of glucose and
modify glycemic curve [101,102,103]. Additionally the
presence of fat slows down food passage through the
alimentary tract, and the presence of fat stimulates insulin
production, which both have consequences on GI [99,103].
The value of GI could be modified by manufacturers by
proper selection of raw materials and preparation method.
It depends both on type and time of food processing [99].
There is a limited number of studies on GI of glutenfree bread, which indicate that the values highly depend
on the type of processing and applied additives
[104,105,106], although the removal of gluten could
accelerate starch digestability [73]. The application of
sourdough technology seem to be promising in this aspect
[70,71,107].
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technological reasons (application of raw materials and
additives reach in above mentioned compounds), but also
reflects tendency of the manufacturers to increase
attractiveness of their products. People with celiac disease
tend to compensate limitations caused by gluten-free diet
by eating food with distinctive and attractive flavor, which
contain high amounts of fat and carbohydrates [108].
Addition of fat to gluten-free dough facilitates its
mechanical processing, by decreasing adhesion to metal
surfaces, and causes positive changes (small and evenly
distributed pores) in the structure of bread crumb. It also
interacts with amylose molecules and thus retards bread
staling caused by starch retrogradation. The amount of fat
in gluten-free bakery products is often high and may
exceed 10 % [109]. The type of applied fat (usually of
plant origin) is decisive for nutritional quality of the lipids
present in gluten-free bread.

5.4. Minerals
Diagnosis of celiac disease is often accompanied with
observed deficiencies in mineral components, caused by
the damage of intestinal epithelium. It is usually most
evident in the levels of calcium and iron. Although the
adherence to gluten-free diet restores proper absorption of
minerals, they could be lacking in many of gluten-free
products [110]. Supplementation of gluten-free bread
seems to be a good way to provide appropriate levels of
minerals [80,111], especially those which are typically
associated with the consumption of wheat bread.

6. Gluten Free Bread Availability and
Storage
Gluten free bread, similarly to other gluten-free
products, is significantly more expensive than traditional
bread and not always available in local supermarkets [112].
Thus it is especially important to extend its shelf life, and
in this way reduce the need for daily shopping and
minimize spoilage.
Fast staling is typical for gluten free bread, because the
absence of gluten promotes water redistribution between
crumb and crust and amylose retrogradation. There are
several ways to extend the shelf life: modified atmosphere
packaging (which mostly prevents microbial spoilage),
application of certain additives (organic acids, emulsifiers)
and the use of sourdough technology. Another alternative
is bake-off technology, which would allow to prepare fresh
bread directly before selling or at home. The latter method
seems to be acceptable by the consumers, especially those
who have to adhere to gluten-free diet [20].
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