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ABSTRACT

Increasing demand of gluten-free breads leads to widespread researches to offer
quality goods. Gluten-free flours (amaranth, buckwheat, chickpea, millet, quinoa
and rice) themselves, in two-component blend (50% rice flour and 50% amaranth,
buckwheat, chickpea, millet or quinoa flour) and in three-component blend (60%
rice flour, 20% amaranth flour and 20% buckwheat flour etc.) were submitted
to the baking test. Satisfactory results presented the combination of buckwheat
and rice flour in portion of 50% buckwheat and 50% rice flour, thus baking test
of the blends from buckwheat 10% and rice 90% to buckwheat 90% and rice 10%
was conducted and the sample buckwheat 40% and rice 60% evaluated as the best
sample with 1.30 cm?® g specific volume, hardness of 17.1 N and any negative
effect on sensory properties. To improve the overall bread quality, eight
hydrocolloids (agar, carob bean gum, gelatine, k-carrageenan, sodium alginate,
sodium carboxymethyl cellulose, tragacanth and xanthan gum) themselves and
in two-component blend were applied to the rice flour in 0.5 and 1.0% portion
to flour weight and submitted to the baking test including hardness and moisture
content 24 and 72 hours after baking. The best results reached the rice samples
in combination with agar-cellulose 0.5%, alginate-cellulose 0.5%, alginate-
xanthan gum 1.0%, carob gum-cellulose 0.5%, carrageenan-gelatine 0.5%,
cellulose-gelatine 1.0% and gelatine-tragacanth 0.5%. The blends were
then applied into the sample of 40% buckwheat flour and 60% rice flour
(BR 4060) and baking test evaluated. The hydrocolloid blends improved loaf
specific volume from 1.30 cm?® g* to 1.85 cm® g* (BR 4060-agar-cellulose 0.5%),
improved dough and bread yield, did not significantly affect baking loss
and moisture content 24 and 72 h after baking but deteriorated hardness
24 and 72 h after baking (except for BR-alginate-cellulose 0.5%) compared
to the rice and BR 4060 samples.



ABSTRAKT

Zvysujici se poptavka po bezlepkovém pecivu vede k rozSifujici se snaze
o zlepSeni kvality téchto vyrobkii. Bezlepkové mouky (amarantova, pohankova,
cizrnova, jahlova, merlikova a ryzova) samostatné, ve dvouslozkové smési (50 %
ryzové mouky a 50 % amarantové, pohankové, cizrnové, jahlové nebo merlikove
mouky) a ttislozkové smési (60 % ryzové mouky, 20 % amarantové mouky
a 20 % pohankové mouky atd.) byly podrobeny pekaiskému pokusu.
Uspokojivého vysledku dosédhla kombinace ryzové a pohankové mouky v poméru
50 % ryzové mouky a 50 % pohankové mouky, proto byly dale testovany
kombinace od 10 % pohankové mouky s 90 % ryzové mouky, po vzorek s 90 %
pohankové mouky a 10 % ryzové mouky. Z téchto vzorkii dosihla nejlepSich
vysledkil kombinace se 40 % pohankové a 60 % ryzové mouky se specifickym
objemem bochniku 1,30 cm® g, tvrdosti 17,1 N a zaddnym negativnim vlivem
na senzorické vlastnosti vzorku. Ke zlepSeni pekaiskych vlastnosti bezlepkového
peciva bylo vybrano osm hydrokoloidd (agar, karubin, zelatina, k-karagenan,
alginat sodny, sodna stil karboxymetyl celulozy, tragakant a xantanova guma),
které byly aplikovany do ryZzové mouky samostatné a ve dvouslozkové smési
v mnozstvi 0,5 a 1,0 % (vztazeno na hmotnost mouky). U vSech vzorki byl
proveden pekaisky pokus vcetné ovéteni tvrdosti a vlhkosti stiidky 24 a 72 hodin
po upeceni. NejlepSich vysledkti dosahly bochniky s kombinacemi agar-celuloza
0,5 %, alginat-celuldza 0,5 %, alginat-xantanova guma 1,0 %, karubin-celuloza
0,5 %, karagenan-zelatina 0,5 %, celul6za-Zelatina 1,0 % a Zelatina-tragakant
0,5 %. Tyto kombinace byly néasledné¢ testovany ve vzorku se 40 % pohankove
mouky a 60 % ryzoveé mouky (BR 4060), u kter¢ho doslo ke zlepSeni specifického
objemu bochniku z 1,30 cm® g na 1,85 cm?® g (BR 4060-agar-celuldza 0,5 %)
a zvySeni vytéZnosti tésta 1 pecCiva. Ztraty peCenim a vlhkost 24 a 72 h po upeceni
nebyly statisticky vyznamné ovlivnény, ale doSlo ke statisticky vyznamnému
zhorSeni tvrdosti 24 1 72 h po upeceni (s vyjimkou vzorku s kombinaci alginatu

a celulozy v mnozstvi 0,5 %) ve srovnani s Cistym ryzovym vzorkem a vzorkem
BR 4060.
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1. INTRODUCTION

Wheat (Triticum aestivum L.) flour is functional in many applications.
Its unique characteristics absolutely differ from other cereals and can be ascribed
to the viscoelastic properties of gluten proteins. Gluten proteins represent about
80 to 85% of total wheat proteins and consist of monomeric gluten units (gliadin)
which cause viscous behaviour while polymeric gluten units (glutenin) are elastic.
When kneading and/or mixing wheat flour with water facilitate
a formation of cohesive viscoelastic dough able to retain gas produced during
fermentation. That results in typical foam structure of bread. Although the role
of other flour components is important too, it is evident that gluten protein
functionality is crucial [1-6].

Other cereal flours do not contain these key gluten proteins thus they are worse
treatable in comparison with wheat flour. Different studies claim, that the baking
quality of other cereal flours is much lower which is related to the lower gas
holding capacity of the dough [7-9]. Nevertheless, fermented pastry has been
produced not only from wheat, but the loaf formation mechanism is different.
Baking performance of, i.e. rye (Secale cereale L.) has been ascribed
to the pentosans (arabinoxylans and arabinogalactans). These polysaccharides
are thought to stabilize foams by decreasing the gas diffusion however rye pastry
will never give such volume and shape typical of the wheat bread. On the other
hand, it can improve an intake of dietary fibre and antioxidants which is far below
the recommendations [10-17]. However, in cases of celiac disease gluten must
be absolutely eliminated from nutrition because its ingestion causes serious
intestinal damage. The gluten proteins are classified as storage proteins and even
if rye does not contain gluten proteins its storage proteins (secalins) are able
to cause the allergic reaction too [18]. The intolerance is called celiac disease
and it is a chronic entheropaty characterised by an inflammation of small intestinal
mucosa that results from a genetically based immunological intolerance to gluten
[19-22]. The inadequate immunological response to gluten proteins may lead
to nutrient malabsorption. General symptoms include diarrhoea, weight loss
and fatigue and the only therapy for celiac patients is based on a lifelong gluten-
free diet [23-25].



2. CURRENT STATE OF SOLVED ISSUES

The most used material for gluten-free bread production is rice (Oryza sativa),
buckwheat (Fagopyrum esculentum Moench) and maize (Zea mays) flour. Other
flours such as amaranth (Amaranthus hypochondriacus L.), chickpea (Cicer
arietinum), quinoa (Chenopodium quinoa), millet (Panicum miliaceum), sorghum
(Sorghum bicolour), soya (Glycine max), tapioca (Manihot esculenta), teff
(Eragrostis tef) have been used recently [26-42].

These products with lack of gluten matrix are typical of worse technological
quality, low specific volume, high crumb hardness and short staling time [7, 43—
51]. The shelf life is influenced by moisture loss, staling conditions, and microbial
deterioration and this process involves crumb firming which is caused
by amylopectin crystallization and water redistribution [52-54].

Worse machine workability of gluten-free dough and lower final bread quality
iIs usually improved using various processes and natural substances
which are partly able to substitute the missing gluten network. The results
published by Génzle et al. [55], Katina et al. [56], Moore et al. [57], Moroni et al.
[8] showed the possibility of sourdough use for improving the gluten-free bread
quality. The studies of Gallagher et al. [58] and Nunes et al. [59] described
the effect of dairy powder. Other experiments conducted by Aguilar et al. [60]
Anton and Artfield [61], Collar et al. [62], Gallagher et al. [63], Guarda et al. [64],
Lazaridou et al. [65], Peressini et al. [66], Ronda et al. [67] Rosell et al. [68],
Sciarini et al. [9], showed the effect of different types of hydrocolloids.

To overcome the questionable viscoelastic properties of gluten-free doughs
and to obtain quality bread products, various gluten-free formulations involving
diverse approaches, such as use of maize and sorghum flour [69-71], legume
flours (soya, chickpea, pea) [60], starches (corn, potato, cassava) [64, 72],
and ingredients such as previously mentioned hydrocolloids, emulsifiers,
shortenings or combinations thereof as alternatives to gluten, to improve their
technological, sensory and nutritional properties, and also the shelf-life [73].

Studying these experiments’ conclusions, amaranth, buckwheat, chickpea,
millet, quinoa and rice flour were selected as primary material on the contrast
to previous mentioned studies that predominantly worked with starch isolates
(cassava corn, potato), and hydrocolloids agar, carob bean gum, xanthan gum,
gelatine, «x-carrageenan, sodium alginate, sodium carboxymethyl cellulose
and tragacanth were chosen for this work.



3. AIMS OF THE THESIS

The aim of the dissertation was to study the quality of gluten-free breads
and verify the correctness of the hypotheses about:

1 The effect of specific flour on final bread quality.

2 The effect of flour mixtures and different ratio of flours in the mixture
on final bread quality.

3 The effect of specific hydrocolloids on final bread quality.

4 The effect of hydrocolloid blends on final bread quality.



4. LITERATURE REVIEW

4.1 Celiac disease

Celiac disease is becoming an increasingly recognized autoimmune
enteropathy of approximately 1% of population in regions such as Europe, North
and South America, north Africa and the Indian subcontinent, thus is an important
public health issue [74]. It is a chronic enteropathy characterised
by an inflammation of small intestinal mucosa that results from a genetically
based immunological intolerance to gluten [75, 76]. The inflammation occurring
in celiac disease usually results in malabsorption of nutrients, vitamins
and minerals with diarrhoea, weight loss and failure to thrive. The most important
environmental factor in celiac disease is gluten. The harmful proteins are cereal
storage proteins such as gliadins (wheat), secalins (rye), hordeins (barley),
and avenins (oats). These grain plants containing risk proteins share a common
taxonomy: all are grasses, although oats are less related and may not be injurious
in moderate doses. These storage proteins share some repetitive sequences,
but the exact peptide sequences involved have not been identified precisely,
although peptides rich in glutamines and prolines are potent activators
of the immune response in celiac disease [19, 77, 78]. Early diagnosis
and treatment, together with regular visits with a dietician are necessary to ensure
nutritional adequacy and to prevent malnutrition while adhering to the gluten-free
diet for life. All foods and medications containing gluten from wheat, rye
and barley (in some cases oats) and their derivatives are eliminated as even small
guantities of gluten may be harmful and must be absolutely excluded
from the patient nutrition [79, 80]. The aim of the gluten-free diet is to achieve
healing and maintain health through the adaption of a well-balanced, varied diet
that avoids gluten [81].

4.1.1 Gluten-free diet

When a patient begins to consume gluten-free food, there is much more concern
and confusion as to which foods are allowed and which are not. Many foods
are naturally gluten-free, such as milk, butter and cheese, fruits and vegetables,
meats, corn, and rice [79]. But even if the demand for gluten-free products is still
rising, the most of gluten-free products available at the market are usually
of a very poor quality because gluten is predominantly present in breads, cereals,
and pastas as the main structure-forming protein of wheat flour. In bread making
it is often termed “structural” protein. It is responsible for the elastic characteristic
of dough and contributes to the appearance and crumb structure of baked products
[19]. The gluten proteins in wheat flour are embedded into other flour particles
mainly starch granules — the structure of gluten is a big complex stabilised
by intermolecular disulphide, hydrogen and hydrophobic bonds. The properties
of gluten express after hydrating flour — giving extensibility, holding gas,
providing good texture and crumb structure of baked bread [82]. Specifically,

10



gluten fraction called glutenins form rough, rubbery mass when fully hydrated,
while gliadins give a viscous, fluid mass on hydration. The result of both
Is cohesive, elastic and viscous properties of wheat dough characterized by variety
extensibility, resistance to stretch, mixing tolerance, gas-holding ability. Gluten
removal results in major problems for bakers which is the reason why baking
gluten-free breads has become focused recently and its replacement is one
of the biggest challenges in developing gluten-free cereal products. The absence
of gluten results in a liquid batter and after baking in a crumbling texture
and for example poor colour [79].

According to the Codex Standard for gluten-free foods which was adapted by
the Codex Alimentarius Commission of the World Health Organization (WHO)
and by the Food and Agriculture Organization (FAO) in 1976, amended in 1983
and revised in 2008 the gluten-free foods are described as: (a) consisting
of, or made only from ingredients that do not contain any prolamins from wheat
or all Triticum species such as spelt, kamut or durum wheat, rye, barley, oats
or their crossbred varieties, with a gluten level not exceeding 0.2 g kg, or (b)
consisting of ingredients from wheat, rye, barley, oats, spelt or their crossbred
varieties, which have been rendered gluten-free, with a gluten level not exceeding
0.02 g kg*; or (c) any mixture of two ingredients as mentioned in (a) and (b)
with gluten level not exceeding 0.02 g kg™ [83].

Recently there have been numbers of researches and development on gluten-
free products, including different approaches with the use of dairy products,
starches, gums, other non-gluten proteins, prebiotics, hydrocolloids and their
combinations to improve the texture, mouthfeel, acceptability and shelf-life
of gluten-free bakery products as gluten-free breads are usually characterised
by deficient quality characteristics in comparison with wheat breads [84]. Several
studies were conducted [7, 30, 57, 58, 63] using novel ingredients — dairy powder,
pseudocereals, sorghum, rice, starches combined with hydrocolloids to replace
gluten. All these studies showed that gluten-free bread production needs different
approach and technology. The gluten network absence results in fluid dough, very
similar to cake batters [57, 85]. Furthermore, in these batters the gas holding
IS very problematic, thus the use of gums, stabilisers and starch have been used
to provide gas occlusion and stabilising mechanism [85].

4.2 Ingredients suitable for gluten-free bread production

Currently different gluten-free flours and ingredients are under investigation
for their suitability to produce gluten-free bread of a good quality. Generally, there
are two major subclasses of plants: (a) monocotyledonous (one seed leaf) and (b)
dicotyledonous (two seed leaves). Wheat, rye, barley and oats are
monocotyledonous, while amaranth, buckwheat and quinoa are dicotyledonous
and very distantly related to grains of the monocotyledonous subclass). They
are classified as pseudocereals for their unique chemical structures [86] and their
nutritional value is closely connected to their protein content. Amaranth has
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a higher protein content than buckwheat or quinoa and about 65% of the proteins
are located in the germ and seed coat, the rest is in the endosperm. Common raw
materials in gluten-free breads and baking mixes are corn starch, potato
flour/starch, tapioca flour/starch, and rice flour. Flours from wheat, rye and barley
are fortified with vitamins, minerals, such as B vitamins and the same situation
occurs with gluten-free flours. Thompson [87, 88] found that many gluten-free
cereal products contain inadequate amounts of thiamine, riboflavin, niacin, folate,
iron and fibre due to the fortification and fact that for example amaranth, quinoa
and buckwheat are all good sources of fibre and iron. In addition, the riboflavin
content of quinoa and the niacin content of buckwheat flour compare favourably
with those of enriched wheat flour. The addition of amaranth, buckwheat
and amaranth adds value to the diet not only to patients with celiac disease [88].

The machine workability and final gluten-free bread quality is insufficient
as gluten is the main structure-forming protein in flour and contributes
to the appearance of crumb structure. Thus, the replacement of gluten network
Is @ major challenge to food scientists and technologists that leads to application
of hydrocolloids, starches, fibre, dairy products into gluten-free bread
formulations as believed to be a promising alternative for developing the high-
quality food for celiac patients [61].

4.3 Improving gluten-free breads

In the respect of the fact, that gluten is responsible for the viscoelastic
properties of bred, its replacement has become one of the biggest challenges when
developing gluten-free cereal products. The absence of gluten network usually
results in a liquid batter that leads to crumbling texture, poor colour and other
quality defects post-baking. In recent years, there has been much research
and development on gluten-free products and testing the use of different starches,
dairy products, gums, and hydrocolloids, other non-gluten proteins, prebiotics
and different combinations of thereof. The intention is to improve the structure,
mouthfeel, acceptability and shelf-life of gluten-free bakery products [89].
Problems related to volume and crumb texture are associated with gluten-free
bread even if rice flour is used and seems to be the best raw material [84].
The use of additives has recently become common practice. They are applied
to improve dough handling properties, enhance the quality of fresh bread
and extend the shelf-life of stored bread. All hydrocolloids interact with water,
reducing its diffusion and stabilizing its presence. Xanthan, guar gum and sodium
carboxymethylcellulose (CMC) are soluble in cold water but k-carrageenan, carob
bean gum and many alginates require hot water for complete hydration. Some
hydrocolloids, such as carob bean gum and xanthan gum, may form strong gels.
As hydrocolloids can dramatically affect the flow behaviour when present at low
concentrations, most of them are used to increase viscosity, which improves
dough stabilization and bread quality [90].
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5. METHODS

5.1 Material

In this thesis six commercial flours available in the health food store were used:
amaranth flour (Amaranthus hypochondriacus L.), buckwheat flour (Fagopyrum
esculentum Moench), chickpea flour (Cicer arietinum), millet flour (Panicum
miliaceum), quinoa flour (Chenopodium quinoa) and rice flour (Oryza sativa).
All flours were used either separately or in the mixtures of at least two flours.

Eight types of hydrocolloids (Sigma-Aldriche, Merck) were used to improve
the gluten-free bread quality. These were agar, carob bean gum (hereinafter carob
gum), gelatine, «k-carrageenan (hereinafter carrageenan), sodium alginate
(hereinafter alginate), sodium carboxymethyl cellulose (hereinafter cellulose),
tragacanth and xanthan gum. Each of them was used separately in two different
portions (0.5 and 1.0% to flour weight) and in the two-component blend (0.5 and
1.0 % portion) with rice flour. Table 1 shows the samples of gluten-free flours
and their mixtures and Table 2 presents samples with hydrocolloids
and hydrocolloid blends.
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Table 1: Gluten-free flours and flour mixtures

Proportion (%o)

Sample Rice Amaranth Buckwheat Chickpea Millet Quinoa
1 100

2 100

3 100

4 100

: 100

: 100
7 50 50

8 50 50

9 50 50

10 50 50

11 50 20
12 60 20 20

13 60 20 20

14 60 20 20

15 60 20 20
16 60 20 20

17 60 20 20

18 60 20 20
19 60 20 20

20 60 20 20
21 60 20 20
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Table 2: Rice flour with hydrocolloids

Rice Proportion (%)
Agar Alginate Carob gum Carrageena Cellulose  Tragacanth Xanthan gum

0.5
1.0

o

oul
—o
ou

©CO~NOAWNF
—o
ol

—o
oul

=o

ou
= o
oul

0.25 0.25
0.25 0.25
0.25 0.25
0.25 0.25
0.25 0.25
0.25 0.25
0.25 0.25
0.25 0.25
0.25 0.25
0.25 0.25
0.25 0.25
0.25 0.25
0.25 0.25
0.25 0.25

0.25 0.25
0.25 0.25
0.25 0.25
0.25 0.25
0.25 0.25
0.25 0.25

NRERRRRERERRERE
QOO NOUIRAWNRO

NNNNNN
OOUITRWN -

N
~

0.25

WN N
O W
o
N
o1

0.5
0.5
0.5
0.5
0.5

COO0O00O0
ctoaia

0.5
0.5
0.5
0.5
0.5

OCO0O00
oo

0.5

AR WWWWWWWWW
~NOUITRRWNRFRPOOONOOITRWNE

0.5
0.5

N
(o]

0.5

g
S oo
COo0o
oo

0.5
0.5

0.5
0.5
0.5 0.5

g0
N =
coo
oo

U1 U1 g1 U1
o R W
oo
oo

15



5.2 Methods
5.2.1 Water absorption

This standard 1SO 5530-1 [91] specifies a method, using the Brabender
farinograph, or the determination of the water absorption of flours and the mixing
behaviour of the dough made from them. In this standard the word "flour" also
means "meal”. Water absorption is an appropriate volume of water required
to produce a dough with a maximum consistency of 500 farinographic units (FU),
under the operating conditions and is expressed in millilitres per 100 g of flour
at 14% (m/m) moisture content. The maximum consistency of the dough
Is adjusted to a fixed value by adapting the quantity of water added. The correct
water addition, which is called the water absorption, is used to obtain a complete
mixing curve, the various features of which are a guide to the rheological
properties of the flour.

5.2.2 Baking test

Baking test was conducted on 300 g flour samples using a straight-dough
baking formula and short fermentation time in accordance with ICC standard
No. 131 [92]. High speed dough mixing and a short fermentation time
are typical of this method. Bread loaves were evaluated in relation to yield (dough
and bread), baking loss, specific volume (ratio of bread volume and weight
in cm3 g*. Dough was prepared from flour (100%), 1.8 dry yeast, 1.5 salt,
1.86 sugar, 0.005% ascorbic acid, respectively, related to flour weight, and water
according to farinographic parameters.

5.2.3 Bread texture parameters

Texture analysis of bread crumb was performed with cylinder of 2.5 cm
diameter and 2 cm thickness using Texture Analyser TA.XT Plus (Stable Micro
Systems, Surrey, UK) which was equipped with a compression cell of 30 kg
and a matrix of 50 mm in diameter. The speed of matrix was set at 1 mm s. This
analysis was performed 24 and 72 hours after baking.

The texture analyses were carried out by two sequential compression events
(compression depth 40%, probe speed 2 mm s, trigger force 5 g). The test was
performed using a 50 mm stainless steel cylinder and the force-deformation curve
was recorded. Hardness (force needed to attain a given deformation — maximum
force during the first deformation cycle; N) was evaluated using EsxponentL.ite
software.

5.2.4 Moisture content

Moisture content was determined using a drying method at 130 °C for 90 min
according to CSN 56 0116-3 [93]. The samples were prepared from the inside part
of bread crumb (1.5 cm from bread crust). The crumb was crumbled, divided
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into three 5 g samples, put into aluminium bow! and dried. All samples were dried
24 and 72 h after baking. The sample cooled in an exsicator and then weighted.
The moisture content was calculated from the weight change:
ma
X = m—b~1oo[%]
Where ma, IS the sample weight after drying [g];
my, is the sample weight before drying [g].

5.2.5 Statistical analysis

Results were analysed using one-way and analysis of variance (ANOVA)
and the appropriate test of significant difference at a significance level of p <0.05.
These tests were realized in Statistica 9 software (StatSoft, Inc.). The purpose
of analysis of variance is to test for significant differences between means [94].

The differences were tested on a = 0.05 significance level using Fisher LSD
test. Statistical analysis was performed using Statistica CZ9.1 software (StatSoft,
CR, Ltd).

5.3 Experiment

The experimental part of the dissertation was divided into several phases.
The first phase was focused on selecting the convenient material for gluten-free
products (buckwheat, rice, amaranth, quinoa, millet, chickpea), determination
of the water absorption, preparing the flour mixtures with specific ratio of gluten-
free flours, next, performing the baking test and evaluating the final bread quality.
Other phase consisted of blending the rice flour with selected hydrocolloids
and hydrocolloid blends in two concentrations, performing and evaluating
the baking test, hardness and moisture content 24 and 72 hours after baking.

Based on the results, hydrocolloid blends with the best results of baking test
were chosen, put into the mixture of 40% buckwheat and 60% rice flour
and samples evaluated.
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6. RESULTS

6.1 Quality of gluten-free breads from chosen flours

Gluten-free bread samples were prepared from amaranth, buckwheat, chickpea,
millet, quinoa and rice flour using baking test. As the rice is a very important grain
among gluten-free products, it was determined as a check sample. It has many
unique attributes as easy digestion, bland taste and hypoallergenic properties.
However, rice has relatively low amounts of proteins and most of them
are hydrophobic therefore resist swelling in water at neutral pH. Rice proteins
are also devoid of the elastic plastic properties that are key factors in wheat bread
production. The low protein contents and absence of gliadin make rice ideal
for gluten-free products, but their quality is questionable thus challenge
for improving [29, 95]. The quality parameters of gluten-free breads
are summarized in Table 3.

Table 3: Average values of gluten-free bread characteristics*

Loaf specific

Dough vield Breadyield Baking loss
Sample volume o ghy y 9 Hardness (N)
3 (%) (%) (%0)
(cm°g)
Amaranth  1.748 £0.017¢ 198.1+0.4% 157.2+04% 20.6+0.6° 43.9 +(0.4°
Buckwheat 1.671+0.015%8 193.1+18% 157.6+04% 184+25°% 309+ 1.1°
Chickpea 1.706 £ 0.0208 177.9+12° 149.4+06° 16.0+0.2° 48.9 + 4.4¢
Millet 1.436£0.002° 1622+1.1° 1334+03° 17.7+0.72 325+1.7°
Quinoa 1.479 £0.018° 2022+098 1689+1.1° 164+1.5° 31.0+1.9°
Rice 1.716 £0.0032 204.0+0.1* 166.1 £0.19  18.5+ (.42 13.9+1.22

*Values in one column with different letters are significantly different p < 0.05

To verify the influence of chosen flours on the quality of bread, loaf specific
volume, dough and bread yield, baking loss and crumb hardness 24 h after baking
were evaluated. The rice flour was chosen as a check sample and the results
revealed the same specific volume for amaranth, buckwheat and chickpea flour;
millet and quinoa had significantly lower loaf specific volume.
As presented Moore [30] and Sciarini et al. 2010 [54], all gluten-free breads
showed lower volume than wheat bread that is valid also for our results where
wheat bread reached 3.1 cm? gt (results from previous research, data not shown).
The quinoa bread reached very similar dough (202.2%) and bread (168.9%) yield
as the rice check sample (204.0 and 168.9%). Other flours had significantly
worsening influence. Almost all samples presented very similar baking loss —
in the range from 16.0% (chickpea) to 18.5% (rice). The highest significantly
different baking loss was found for amaranth bread (20.6%). The results were
published in Journal of Cereal Science: The relationship between rheological
characteristics of gluten-free dough and the quality of biologically leavened bread,
Buresova et al. [96].
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Crumb hardness was tested 24 h after baking and rice check sample had very
similar value (13.9 N) as previously tested common wheat flour (15.3 N).
The samples of gluten-free flours presented significantly higher hardness
compared to the rice check sample. These results are in agreement with BureSova
et al. [97] (except for amaranth flour) who studied the effect
of amaranth, buckwheat, chickpea, corn, millet and quinoa flour on rice bread.
In our study, the hardness varied from 30.9 N (buckwheat) to 48.9 N (chickpea).

6.2 Quality of two-component flour gluten-free bread

In comparison with rice sample, only the combination of rice and buckwheat
flour had significant improving effect on the loaf specific volume
and it is in agreement with Krupa-Kozak et al [40], Alvarez-Jubete et al. [32]
and Wronkowska et al. [39] who studied the effect of addition of buckwheat flour
to gluten-free formula. The rice-buckwheat sample also showed acceptable values
of dough and bread yield and had acceptable baking loss (23.2%) compared
to the rice check sample (18.5%). Though amaranth and quinoa are recommended
for gluten-free bread production for their nutritional and functional properties
[33], their combinations with rice flour were negatively affected by typical
amaranth aroma and taste but as indicated by Turkut et al. [98] 25% of quinoa
flour could be successfully incorporated to the commercial gluten-free bread
without any negative effect on sensory properties. The sample of rice and millet
got very dry consistency but still able to be subjected to the analyses.
This combination probably required amended baking technology. Other flours
had significantly deteriorating effect on both dough and bread yield and balking
loss. Mifaro et al. [99] studied the effect of legume flours on soya flour-based
gluten-free bread and proved that adding of chickpea flour into the formula
did not negatively affect the technological parameters and even reached the best
results of loaf specific volume and hardness among used legume flours.

6.3 Quality of three-component gluten-free bread

The crumb structure of gluten-free bread was rather wet after baking and next
day became rough and crumbly that was also reported by Torbica et al. [37].
As bread is prepared for couple of days, it is necessary to keep the sensory quality
within the staling. We decided to mix selected gluten-free flour
in a specific ratio to support the technological quality. The main part of blend was
rice mixed with two other flour in proportions of 60% rice flour and 40%
remaining two flours (20:20).

Statistical analysis showed various significant effect on bread parameters.
The biggest loaf specific volume was measured for the combination of rice with
buckwheat and quinoa (2.399 cm® g?). The increasing trend can be observed
at all samples containing buckwheat which was finally the key for the following
research. The only significantly deteriorating effect on the loaf specific volume
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had samples with quinoa flour. Concerning dough and bread vyield,
the significantly highest value reached rice check sample (204.0 and 166.2%.)
and mixing the flours did not prove any positive effect on these parameters.
The baking loss varied from 17.4 to 22% and not many significant differences
were found among these values.

6.4 Quality of buckwheat-rice bread

Since the rice-buckwheat combination gave very satisfactory results of baking
quality, hardness 24 after baking and good subjective sensory evaluation,
the samples of proportion 10% buckwheat and 90% rice flour to 90% buckwheat
and 10% rice flour were baked and tested. It is reported that rice flour is very
popular as a substitute of wheat flour in the preparation of products consumed
by wheat-intolerant celiac patients, and for its bland taste, white colour,
digestibility and hypoallergenic properties, it is the most suitable cereal grain flour
[2] together with buckwheat flour with its well-balanced amino acid composition,
high vitamin content, good source of microelements and as a potential improver
of the gluten-free nutritional and technological quality [100] could reach
satisfactory results. Buckwheat-rice blend is abbreviated as BR.

In case of loaf specific volume, the best result presented the samples of clear
buckwheat and rice flour (1.671 and 1.716 cm® g). Comparing the increasing
amount of buckwheat in the blend, the loaf specific volume increased
with higher portion of buckwheat in the blend; from 1.100 cm?® g* (BR 1090)
to 1.467 cm® g* (BR 7030). Very similar conclusion presented Wronkovska
etal. [100] who tested the inclusion of buckwheat flour into the starch-based bread
and presented that the water-binding capacity and the buckwheat proteins
are the reasons of growing loaf bread volume.

The best results of dough and bread yield (204.0 and 166.2%) presented
the rice sample together with clear buckwheat sample. Both samples were
of a satisfactory baking quality but were not acceptable for their sensory aspects
and dry crust. Adding of buckwheat flour to rice flour had first negative effect
on baking quality — decreasing specific volume, dough and bread yield,
but positive effect on baking loss in comparison to the rice and buckwheat sample;
from 18.6 (rice) and 18.4% (buckwheat) to 10.3% (BR 2080).
But among the buckwheat-rice blends, increasing portion of buckwheat flour
caused volume, yield and baking loss improvement.

6.5 Effect of chosen hydrocolloids on quality of rice bread

Aging of gluten-free breads leads to the loss of acceptable quality
characteristics and flavour due to loss of moisture, crumb firming,
recrystallization of amylopectin and water redistribution. Although this has been
studied for a long time, gluten-free bread staling is still not clear
and it is responsible for economic losses both — baking industry
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and the customers’ [45, 54]. As the starch is the main part of the gluten-free breads
and is fully responsible for the aging we decided to verify the ability
of selected hydrocolloids to slow the aging by extending the water-binding
capacity and enhancing the technological parameters. The rice bread samples
were prepared with agar, alginate, carob gum, carrageenan, cellulose, gelatine
tragacanth and xanthan gum. Each hydrocolloid was tested in the amount
of 0.5 and 1.0% to flour weight.

The hydrocolloids in two specific portions added to rice flour gave variable
and significantly different results. Hydrocolloids’ effect on loaf specific volume
IS not easy to generally describe as it highly depends on the formulation
of the gluten-free bread, the level of hydrocolloid incorporation, the origin
and source of the gum, interactions with other ingredients and the parameters
of the process [73]. Sciarini et al. [9] who worked with, alginate, carrageenan,
carboxy methyl cellulose, gelatine and xanthan gum (in the portion of 0.5%
to flour basis) found than addition of xanthan gum reached the highest loaf
specific volume same as Anton and Artfield 2008 [61], but contrarywise
our measurements proved that the best result of loaf specific volume
(approximately 1.8 cm® g!) presented the samples with 0.5% alginate, carob gum
and sodium hydroxypropyl methyl cellulose. In his next study [101], carrageenan
addition 0.5% led to the highest loaf specific volume, followed by carboxymethyl
cellulose and breads with xanthan gum and alginate did not affect this parameter
which is not in agreement with our study where alginate reached the biggest loaf
specific volume. In our research, significantly worst results showed samples
with portion of 1.0% hydrocolloid in the formula, specifically carob gum
and xanthan gum (1.396 and 1.400 cm? g) which decreased the specific volume
by 17.6% and the same negative effect of xanthan gum in higher concentrations
proved the study of Hager and Arendt [102] and Peressini et al [66]. The results
of satisfactory loaf specific volume in the sample with added cellulose
are in agreement with Lazaridou et al. [65] who worked with carboxymethyl
cellulose, xanthan gum and other hydrocolloids.

6.6 Effect of hydrocolloid blends on quality of rice bread
(0.5 and 1.0% w/w)

To prove the effect of hydrocolloids in synergy, the hydrocolloid blends (two-
component) were prepared and applied to the rice sample in the proportion
of 0.5 and 1.0% on flour weight and the results compared with the clear rice
sample as the check. The hypothesis worked with the possibility of hydrocolloid
reaction with both, flour structures and the other hydrocolloid used in the blend.
The results were summarized and divided into 8 groups (alphabetical order).
Bread quality parameters, hardness 24 and 72 hours after baking and moisture
content 24 and 72 hours after baking were evaluated.
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The current researches present results of the effect of only single hydrocolloid
in the sample, thus the results were discussed only in the context of single
hydrocolloids. The only effect of hydrocolloid mixtures published Gambus et al.
[103] who studied breads prepared from potato starch, corn starch, corn flour
and pectin with guar gum in 1:1 mixture. And that was the basic idea of this
research, to verify the possibility of hydrocolloid interaction and their integration
to the gluten-free structures that could lead to higher improving effect
on the technological parameters of the gluten-free breads.

Based on the results of bread quality, seven specific hydrocolloid combinations
in specific portions were selected, applied to the best flour combination
(buckwheat 40% and rice 60%) and evaluated.

6.7 Final samples

Evaluation of the bread technology parameter enabled to choose the best
samples among the hydrocolloid blends that improved the results of the rice bread.
The loaf specific volume as the parameter most important for the customers was
the primary criterion, but the remaining results of the bread making quality must
have been satisfactory too, thus agar-cellulose 0.5%, alginate-cellulose 0.5%,
alginate-xanthan gum 1.0%, carob gum-cellulose 0.5%, carrageenan-gelatine
0.5%, cellulose-gelatine 1.0% and gelatine-tragacanth 0.5% were selected.
These hydrocolloid blends significantly improved the rice loaf specific volume
from 1.716 up to 1.896 cm?® g1, but any of the blends was able to positively affect
the rice dough vyield (204.0%), the values varied from 177.0 to 193.6%.
Two hydrocolloid blends (alginate-cellulose 0.5% and alginate-xanthan gum
1.0%) improved the bread yield from 166.2 to 167.8 and 166.9%, but these
differences were not significant; remaining samples diminished the bread yield,
but none of them fell under 154.0%. All samples reached very satisfactory results
of baking loss. The results of blends’ baking loss were significantly lower than
the rice check sample. Another criterion — hardness 24 and 72 h showed
acceptable values for all samples (except for agar-gelatine 0.5%) — significantly
lower than the rice check sample (24 h) and 4 samples of 7 measured 72 h after
baking and staling. The blends’ moisture content reached more than 50% (24 h
after baking) and did not fall under 49% (72 h after baking).

As the rice-buckwheat sample in the portion of 40% buckwheat and 60% rice
flour (BR 4060) was evaluated as the best of flours and flour combinations based
on the bread technological quality and subjective sensory evaluation,
the selected hydrocolloid blends in their specific portions were applied to this
sample to obtain the sample with remarkable technological parameters.
The statistic evaluation of the technological parameters is summarized
in the Table 4. For the results to be complete and for imagination, the rice check
sample was added.
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Table 4: Average values of buckwheat-rice bread characteristics prepared with selected hydrocolloid blends in specific portions

(w/w, flour basis)*

Loaf specific volume

Sample (cmigY) Dough yield (%0) Bread yield (%0) Baking loss (%)
BR 4060 1.300 + 0.0822 171.4 £0.5° 151.5+0.4° 11.6+0.2f
BR-Agar-Cel 0.5% 1.718 £0.003" 184.4 £0.3¢ 152.2 £0.3¢ 17.5+0.3°
BR-Alg-Cel 0.5% 1.850 + 0.005¢ 195.3 +£0.22 158.5+0.2° 18.9 + 0.2bcd
BR-Alg-XG 1.0% 1.788 £0.003°¢ 195.8 +£0.2° 161.2+0.32 17.7 £ 0.6
BR-CG-Cel 0.5% 1.870 £ 0.006¢ 174.3 £ 0.3¢ 142.6 = 0.3¢ 18.2+0.32
BR-Carrag-Gel 0.5% 1.767 = 0.002° 186.0 + 0.4 151.8 0.2 18.4 +£0.2%
BR-Cel-Gel 1.0% 1.828 +0.007°¢ 199.4 +£0.3° 161.4 +0.5° 19.1 + 0.4¢
BR-Gel-Trag 0.5% 1.811 £0.001¢ 198.8 +0.1° 161.0 +0.22 19.0 + 0.2¢

Rice 1.716 £ 0.003" 204.0 +£0.19 166.2 + 0.1 18.6 +0.1%¢

*Values in one column with different letters are significantly different p < 0.05
B: buckwheat. R: rice. Alg: alginate. CG: carob gum. Carrag: carrageenan. Cel: cellulose. Gel: gelatine. Trag: tragacanth. XG:
xanthan gum.
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The buckwheat-rice (BR) sample reached the loaf specific volume only
1.300 cm® g that was significantly the lowest value. All hydrocolloid blends
improved the loaf specific volume to 1.718 cm® g (agar-cellulose 0.5%),
1.788 cm® g! (alginate-xanthan gum 1.0%). 1.767 cm® g (carrageenan-gelatine
0.5%), 1. 828 cm® gt (cellulose-gelatine 1.0%), 1.811 cm® g* (gelatine-tragacanth
0.5%) and 1.850 cm?® g* (alginate-cellulose 0.5%) and 1.870 cm?® g (carob gum-
cellulose 0.5%).

The lowest value of dough bread yield presented the BR sample itself (171.4%)
and all hydrocolloid blends significantly improved this result.
The highest dough yield was calculated for the BR sample with cellulose
and gelatine 1.0% (199.4%) together with gelatine-tragacanth 0.5% (198.8%).
Other remarkable results presented the combinations of alginate-xanthan gum
1.0% (195.8%) and alginate-cellulose 0.5% (195.3%). Remaining hydrocolloid
blends either significantly improved the BR dough yield but varied only
from 174.3% (carob gum-cellulose 0.5%) to 186.0% (carrageenan-gelatine 0.5%).

The BR sample presented 151.5% of bread yield. Five of the selected
hydrocolloid combinations significantly improved the BR bread yield.
The highest values were calculated for cellulose-gelatine 1.0% (161.4%),
alginate-xanthan gum 1.0% (161.2%) and gelatine-tragacanth 0.5% (161.0%).
The sample with carob gum-cellulose 0.5% presented only 142.6% bread yield
that was significantly lowest value.

The only technological parameter that was not improved by the hydrocolloid
blends was the baking loss. The BR sample presented 11.6% baking loss
and all hydrocolloid blends significantly diminished this result. The values ranged
from 17.5% (agar-cellulose 0.5%), 17.7% (alginate-xanthan gum 1.0%) through
18.2% (carob gum-cellulose 0.5%), 18.4% (carrageenan-gelatine 1.0%), 18.9%
(alginate-cellulose 0.5%) to 19.0% (gelatine-tragacanth 0.5%) and 19.1%
(cellulose-gelatine 1.0%).
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/. CONTRIBUTION TO THE SCIENCE
AND PRCTICE

Many researches have been conducted to improve the gluten-free bread overall
quality with the use of specific hydrocolloids. Though only few of them study
the possibility of supporting effect in two-component blends. One of the major
contributions of this thesis is the evaluation of the overall effect on baking quality,
hardness and moisture content 24 and 72 h after baking of prepared rice bread.
Even if there are many researches describing the effect of hydrocolloids
themselves, the samples differ in formula. Most of them deal with starch-based
gluten-free breads containing emulsifiers and shortenings. These extensive
formulae in majority of the studies led us to the basics and use of gluten-free
flours, not only isolates and starches. That means improved nutritional value
but complicated processing. It was proved that the hydrocolloid blends are able
to influence the gluten-free bread quality, but not all observed parameters were
improved. The blends were enhanced the customers’ most important value —
volume of the bread, but on the other hand, deteriorated the crumb hardness.

Concerning the practice, as the effect of hydrocolloid blends was not only
positive, their use is at least economically questionable. Understanding
the dough viscoelastic properties, using specific gluten-free flour blends
with an appropriate water amount in formula could lead to satisfactory product.

25



8. CONCLUSION

The aim of the thesis was to prove the effect of blending gluten-free flours
on baking quality of gluten-free breads and suggest the possibilities
of substitution the gluten-gliadin complex in such bread. The experiments were
conducted to verify four hypotheses. For each hypothesis following conclusions
can be drawn:

Hypothesis 1: The type of flour affects the final bread quality.

Specific gluten-free flour affects the final bread quality and specifically
amaranth, buckwheat, chickpea and rice flour reached very good loaf specific
volume, additionally, the rice bread showed the lowest hardness among all
samples. It was proved that none of the flours can be used itself for its dry crust
and crumb, unsatisfactory crumb porosity and sensory properties, but the rice
sample, for its neutral smell and taste, was selected as a check sample
for following experiments.

Hypothesis 2: The mixtures and different ratio of flours in the mixture affect
the final bread quality.

Two-component flour blends affect the final bread quality and the best loaf
specific volume was recorded for the rice-buckwheat bread. Compared to the rice
check sample, all gluten-free blends reached higher hardness. Among three-
component flour blends, it was proved that most blends positively affected
the loaf bread volume and the best result showed the combination of rice,
buckwheat and quinoa flour. Except for the blend of rice, amaranth
and buckwheat flour, all remaining samples deteriorated crumb hardness
compared to the rice check sample and the highest hardness reached all samples
with millet. The samples containing amaranth and quinoa flour proved specific
smell and taste and were excluded from remaining experiment.

Based on the results, the combination of rice and buckwheat flour was
evaluated as the best, thus blends of 10% buckwheat and 90% rice flour to 90%
buckwheat and 10% rice flour were prepared and evaluated. It can be concluded
that with increasing amount of buckwheat flour, the loaf specific volume was
increasing too up to 80% of buckwheat flour in the blend. Compared to the clear
buckwheat sample, all buckwheat-rice blends reached lower crumb hardness but
higher crumb hardness than clear rice sample. The sample of 40% buckwheat
and 60% rice flour for its satisfactory baking and sensory quality was evaluated
as the best and appropriate for following experiments.
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Hypothesis 3: The specific hydrocolloid affects final bread quality.

It was proved that the specific hydrocolloid affects final bread quality, but there
IS no evidence that higher portion of hydrocolloid in formula gives better baking
quality, additionally, 1.0% portion of hydrocolloid in formula deteriorated the loaf
specific volume compared to the samples with 0.5% of hydrocolloid. But it can
be concluded that the presence of hydrocolloid improves crumb hardness 72 h
after baking and it is able to keep satisfactory moisture content 72 h after baking.

Hypothesis 4: The hydrocolloid blends affect final bread quality.

Hydrocolloid blends partly improved final baking quality and there
IS no important evidence of increasing improving effect with increasing amount
of hydrocolloid blend in formula (0.5 and 1.0%), except for alginate-xanthan gum
blend and cellulose-gelatine blend. The most improving effect showed
the combinations with cellulose in the portion of 0.5%, specifically agar, alginate,
carob gum-cellulose blend.

The hydrocolloid blends mentioned above together with carrageenan-gelatine
and gelatine-tragacanth blends improved the final quality of buckwheat-rice
(40:60) sample, specifically loaf specific volume of agar-cellulose and carob gum-
cellulose blends, both in the portion of 0.5% reached almost 1.9 cm?® g but only
agar-cellulose sample showed satisfactory hardness.

The functionality of rice-buckwheat flours combination in terms
of breadmaking performance, nutritional and sensory quality is evident and can
be successfully used for gluten-free bread production. The final bread quality can
be more or less influenced by the application of hydrocolloids even in very low
addition levels. The type of hydrocolloid, hydrocolloid combination
and its portion in formula, however, are the key factors also from the economic
point of view. The effect is strongly dependent on the material used for the bread
production as the gluten-free flours vary in chemical composition and different
components may interact with hydrocolloids in a different extent.
As hydrocolloids are very expensive material it should be used at the lowest level
that promises positive effect.
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SHRNUTI

Uvod

PSenice se svymi vyjimeénymi vlastnostmi zastava v potravinaiském pramyslu
mnoho funkei a jsou to visko-elastické vlastnosti, za které odpovidaji lepkoveé
bilkoviny a které se zcela odliSuji od ostatnich ceredlii. Lepkové bilkoviny
pfedstavuji zhruba 80 az 85 % ze vSech bilkovin pSenice a sestavaji
Zz monomernich jednotek (gliadin), které zpisobuji viskdzni chovani, zatimco
polymerni jednotky (glutenin) zodpovidaji za elasticitu. Béhem zpracovani tésta
podporuji vznik soudruzného visko-elastického tésta, které je schopné zadrzovat
plyn produkovany be¢hem kynuti, coz vede ktypické pénovité struktuie
pSeni¢ného peciva. I kdyz v tomto procesu hraji roli 1 dalsi sloZky, je evidentni,
ze funkce lepkovych bilkovin je zasadni [1-6].

Mouky jinych obilovin tyto kli¢ové bilkoviny neobsahuji, takze se hure
zpracovavaji a jejich pekarenska kvalita je mnohem niz8i, cozZ je izce spojeno
se zhorSenou schopnosti tésta zadrzovat plyn a vyslednou neuspokojivou kvalitou
peciva [7-9].

Nicméné, lepkové bilkoviny musi byt v pfipad€ pacientii s nesnaSenlivosti
lepku Upln€ vylouceny z vyzZivy, protoze jejich pifijem ve stravé zpisobuje
zdvazné poskozeni stfeva. Proto se pro vyzivu téchto pacientd vyuzivaji
bezlepkovée obiloviny jako ryZe, pohanka, kukufice, pfipadné mén¢ ¢asty amarant,
cizrna, merlik, proso a skrob z ¢iroku, soji, tapioky a teffu [26—42].

Bezlepkové pecivo je typické svou horsi technologickou kvalitou, nizkym
specifickym objemem, vétsi tvrdosti stiidky 1 kiirky a kratkou skladovatelnosti
[7, 43-51]. Skladovatelnost je nevice ovlivnéna ztratou vlhkosti, podminkami
skladovani a cely proces vyusti ve ztvrdnuti kirky a stfidky, zplsobené
krystalizaci amylopektinu [52-54].

ZhorSend zpracovatelnost bezlepkovych tést a nizs§i technologickd kvalita
bezlepkového peciva je obvykle zlepSovana pozménénim technologickych
procest a aplikaci ptirodnich latek, které jsou schopny alespon ¢aste¢né nahradit
lepkovou strukturu. Tim zvysi technologickou kvalitu kone¢ného produktu,
podpofti senzorickou a vyzivou hodnotu a prodlouzi jeho Zivotnost. To zahrnuje
naptiklad vyuziti Skrobd rtzného plvodu, lusténinovych mouk a zafazeni
emulgatort, tukt, hydrokoloidi a jejich kombinaci [69—73].
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Cile prace

Cilem dizertacni prace bylo urceni kvality bezlepkového peciva a ovéieni
spravnosti stanovenych hypotéz o:
1 Vlivu vybranych mouk na vyslednou kvalitu peciva.
2 Vlivu vybranych smési mouk a rizného poméru mouk ve smési
na vyslednou kvalitu peciva.
3 Vlivu vybranych hydrokoloidl na vyslednou kvalitu peciva.
4 Vlivu smési hydrokoloidii na vyslednou kvalitu peciva.

Metody
Material

Na zaklad¢ prostudované literatury a publikovanych vysledkli byly vybrany
bézn¢ dostupné mouky: amarantova, pohankova, cizrnova, jahlova, merlikova
aryzova mouka jako materialy, které by v riznych kombinacich mohly zlepsit jak
celkovou kvalitu konecného produktu, tak jeho nutricni kvalitu. Dale bylo
vybrano osm hydrokoloidii: agar, alginat sodny, karubin, k-karagenan, sodna stl
karboxymetyl celulozy, tragakant a xantanova guma, které mély ¢astecné nahradit
lepkovou strukturu, a tim podpofit jednak specificky objem produktu a jeho dobu
skladovatelnosti.

Vaznost vody

Vaznost vody byla stanovena podle normy 1SO 5530-1 [91], ktera specifikuje
vyuziti Brabenderova farinografu pro stanoveni vaznosti vody mouky a chovani
béhem hnéteni tésta piipraveného z ptislusného druhu mouky. Vaznost vody
se stanovi jako pfesny objem vody potfebny k vytvofeni tésta s maximalni
konzistenci 500 farinografickych jednotek (FU) a je vyjadiena v ml na 100 g
mouky o vlhkosti 14 %.

Pekaisky pokus

Pekatsky pokus byl proveden na 300 g vzorku mouky metodou ptimého vedeni
tésta a zkracené doby zrani v souladu s ICC standardem ¢&. 131 [92], které jsou
typické pravé pro tuto metodu. Tésto bylo ptipraveno z ptisluSné mouky nebo
smési mouk (100 %); 1,8 % suSeného drozdi; 1,5 % soli; 1,86 % cukru; 0,005 %
kyseliny citronové — vztazeno na hmotnost mouky, a vody podle farinografickych
méfeni. Bochniky peciva byly hodnoceny 24 h po upeCeni a byly sledovany
nasledujici parametry: vytéznost tésta a peciva (%), ztraty pecenim (%),
specificky objem bochniku (pomér mezi objemem bochniku a jeho hmotnosti
vemd gl).
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Texturni parametry

Texturni analyza stiidky byla provedena na vzorku o priiméru 2,5 cm a tloust'ce
2,0 cm na Texturnim Analyzatoru TA.XT Plus (Stable Micro Systems, Surrey,
UK) s vyuzitim kompresniho zafizeni a matrice o priméru 5,0 cm. Rychlost
matrice byla nastavena na 1 mm s* a tvrdost stiidky byla mé&fena 24 a 72 h
po upeceni a vyhodnocena softwarem ExponentLite.

VIhkost

Vlhkost vzorki byla stanovena podle metody CSN 56 0116-3 [93] pii 130 °C
po dobu 90 min. Vzorky byly pfipraveny z vnitini ¢asti sttidky (ze vzdalenosti
nejméné 1,5 cm od kurky). Stfidka byla rozdrobena, rozdélena na 5 g vzorky
a vysuSena v hlinikovych kelimcich. VSechny vzorky byly testovany 24 a 72 h
po upeceni. Po vysuSeni vzorky vychladly v exsikatoru, pak byly zvazeny
a vlhkost byla vypocitana z rozdilu hmotnosti.

Statisticka analyza

Vysledky byly vyhodnoceny jednofaktorovou analyzou variance (ANOVA)
na hladiné pravdépodobnosti p < 0,05 za pouziti software Statistica 9.1 (StatSoft,
Inc.). Uelem statistického vyhodnoceni bylo zjistit statisticky vyznamné rozdily
mezi vzorky. Statisticky vyznamné rozdily byly testovany Fisherovym LSD
testem.

Experiment

Mouky byly testovany jak samostatné, tak ve dvou a tfisloZkovych smésich.
Z vysledkt testovani samostatnych mouk vyplynulo, Ze nejvhodnég;si zdkladnim
materidlem pro dal$i experimenty bude ryzova mouka. Tedy dvouslozkové
vzorky byly michédny v poméru 50 % ryZzové mouky a 50 % amarantové,
pohankové, cizrnové, jahlové nebo merlikové mouky. Ttislozkové vzorky byly
michany vzdy tak, ze 60 % tvofila ryZova mouka, 20 % pak amarantova a 20 %
pohankova mouka. Dalsi vzorek byl opét 60 % ryzova mouka, 20 % amarantova
a 20 % cizrnova mouka atd., viz Table 1.

Pro dobr¢ vysledky kombinace ryZové a pohankové mouky byla otestovdna
kompletni fada pohankovo-ryZzové smési. Od vzorku s 10 % pohankové a 90 %
ryZzové mouky, po vzorek s 90 % pohankové a 10 % ryzové mouky.

Hydrokoloidy byly nejdiive testovany na vzorku ryzové mouky,
a to v mnozstvi 0,5 a 1,0 % vztazeno na hmotnost mouky. Dale byly smichany
do dvouslozkové smési v poméru 50:50 a tato smés opét testovana na vzorku
ryzové mouky v mnozstvi 0,5 a 1,0 %; viz Table 2.

Z vysledki bylo vybrdno 7 smési hydrokolodi ve specifickém mnoZstvi,
které byly aplikovany do vzorku se 40 % pohankové a 60 % ryZové a mouky.
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U vsSech vzorkl byla vyhodnocena technologicka kvalita vysledného peciva,
tvrdost a u vzorku obsahujicich hydrokoloidy 1 vlhkost 24 a 72 h po upeceni.

Vysledky a zavér

Cilem dizerta¢ni prace bylo ovéfit vliv bezlepkovy mouk a jejich michéani
na kvalitu bezlepkového peciva. Déle navrhnout moznosti alespon Castecné
nahrady glutenin-gliadinového komplexu v tomto pecivu. Experimenty mély
provétit spravnost 4 hypotéz a pro kazdou z nich je mozné stanovit néasledujici
zavery:

Hypotéza 1: Druh mouky ovliviiuje vyslednou kvalitu peciva.

Druh mouky ma vliv na vyslednou kvalitu peciva a konkrétné vzorky
amarantové, pohankové, cizrnové a ryzové mouky dosdhly velmi dobrého
specifického objemu bochniku. Navic, ryZzovy vzorek dosahl nejnizsi tvrdosti
mezi vSemi testovanymi moukami. Bylo prokazano Ze Zadna z vybranych mouk
neni vhodna pro pouziti samostatné kvili suché kiirce, nedostate¢né porovitosti
sttidky a senzorickym vlastnostem. Vzorek ryzové mouky byl pro svoji neutralni
chut’ a viini zvolen jako kontrolni vzorek pro dalsi experimenty.

Hypotéza 2: Smési a mouk a specificky pomér mouk ve smési ovliviiuje
vyslednou kvalitu peciva.

Dvouslozkové smési mouk ovliviiuji vyslednou kvalitu peciva a nejlepsiho
specifického objemu bochniku doséhl vzorek kombinace ryZzové a pohankové
mouky (50:50). Ve srovnani s kontrolnim ryzovym vzorkem, vS§echny bezlepkové
smési mély tvrdsi stiidku.

Bylo prokéazano, Ze téméf vSechny tiislozkové smési mély vétsi specificky
objem bochniku nezZ ryZzovy vzorek a nejlepSiho vysledku doséhla kombinace
se 60 % ryzové, 20 % pohankoveé a 20 % merlikové mouky. S vyjimkou smési
ryzove (60 %), amarantove (20 %) a pohankové mouky (20 %), vSechny zbyvajici
smési mély horsi tvrdost stfidky ve srovnani s kontrolnim ryzovym vzorkem
a nejvySSi tvrdosti dosahly vzorky s obsahem jahlové mouky. Vzorky
s amarantovou a merlikovou byly kvili své specifické vini a chuti vylouceny
Z dalSich experiment.

Kombinace ryzové a pohankové mouky byla na zéklad¢ vysledkli vyhodnocena
jako nejlepsi, tudiz byly dale testovany vSechny kombinace — od 10 % pohankové
a 90 % ryzové mouky ve smési, po 90 % pohankové a 10 % ryZzové mouky.
Se zvySujicim se podilem pohankové mouky ve smési se zvétSoval 1 specificky
objem bochniku, az po 80% podil pohankové mouky. Ve srovndni s pohankovym
vzorkem mély vSechny pohankovo-ryZzové kombinace mék¢i stiidku, ale tvrdsi
ve srovnani s ryzovym vzorkem. Vzorek s podilem 40 % pohankoveé a 60 %
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ryzové mouky dosdhl uspokojivé pekaiské a senzorické kvality
a byl tak vyhodnocen jako nejvhodnéjsi kombinace pro kone¢né experimenty.

Hypotéza 3: Vybrany druh hydrokoloidu ovliviuje vyslednou kvalitu peciva.

Bylo prokazano, ze vybrany druh hydrokoloidu ovliviiuje vyslednou kvalitu
peCiva, ale neexistuje zadny dikaz o zvySujicim se pozitivnim efektu
se zvysujicim se podilem hydrokoloidu v receptufe. Navic, 1,0 % hydrokoloidu
(vztazeno na hmotnost mouky) v receptufe prokazatelné zhorSilo specificky
objem bochniku ve srovnani se vzorky s mnozstvim 0,5 % hydrokoloidu. Obecné
lze shrnout, Ze pfitomnost hydrokoloidu zlepSuje tvrdost stiidky 72 hodin
po upeceni a udrzi uspokojivou vlhkost vzorku taktéz, 72 h po upeceni.

Hypotéza 4: Smés hydrokoloidii ovliviiuje vyslednou kvalitu peciva.

Smési hydrokoloidl zlepSily vyslednou kvalitu peciva, ale nebylo prokazano,
Ze se zvysSujicim se mnozstvim smési v receptuie se zvysuje 1 vysledny pozitivni
efekt, svyjimkou smési alginatu-xantanové gumy a celulozy-zelatiny,
kde mnozstvi 1,0 % v receptufe prokazalo lepsi vysledky. Nejvice zlepSujici efekt
prokézala celuloza, a to ve smési s agarem, alginatem a karubinem v mnoZstvi
0,5 %.

Vys$e zminéné kombinace hydrokoloidl spolecné se smési karagenanu-zelatiny
a zelatiny-tragakantu (oboji v mnozstvi 0,5 %) zlepsily i vyslednou kvalitu
pohankovo-ryzového (40:60) peciva. Konkrétné vzorky s kombinacemi agaru-
celulozy a karubinu-celulozy, oboji v mnozstvi 0,5 % dosahly specifického
objemu bochniku témé&f 1,9 cm® g?, ale pouze vzorek s agarem-celul6zou
(0,5 %)dosahl uspokojivé tvrdosti stiidky.

Vyznam pohankovo-ryZzovych smési ve smyslu jejich zpracovatelnosti,
nutricni a senzorické kvality je nezanedbatelny a mohou tak byt velmi uspokojiveé
vyuzivany pro vyrobu bezlepkovych produkti. Kvalita vysledného pe€iva miize
byt vice ¢i méné ovlivilovana pouzitim hydrokoloidi uz ve velmi malém
mnozstvi. Nicméng&, druh hydrokoloidu, jejich kombinace a mnoZstvi v receptuie
jsou klicovymi faktory také z ekonomického hlediska. Jejich vysledny vliv totiz
velmi zavisi na materidlech pouzitych pro vyrobu bezlepkovych produkti a jejich
chemickém slozeni, protoze kazda slozka mize s pouzitym hydrokoloidem
reagovat jinak a v rizném rozsahu.
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