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Abstract:

People suffering from the celiac disease have to apply a strict gluten-free diet because this is the only effective management. Nowadays, the increasing
incidence of celiac disease promotes worldwide interests for various desirable gluten free products. As a consequence, food processing researchers have
been seeking to develop high-quality gluten-free bread. Cereals having gluten such as wheat must be removed from the diet for the clinical and histological
improvement. So, the purpose of this study was to determine the physical, chemical and sensory properties of gluten-free bread produced with barley (T1),
corn (T2) and rice (T3) flours instead of wheat flour, using the 1.5 % xanthan gum. The chemical and sensory attributes of bread were evaluated by AOAC
method and hedonic test, respectively. Obtained results showed that sample T3 had the highest contents of crude protein (7.94%), ash (2.51%) and
carbohydrate (78.31%) as compared to other samples, while fat was lower (2.01%). Regarding moisture, breads prepared with the three different flours
were not statistically different at the significance level of p<0.05. However, they differed significantly regarding the specific volume and bake loss. Data also
revealed that gluten-free bread, treatment T3 presented the best parameters, being preferred by the sensory evaluation panel, followed by treatment T
and Tz. The overall assessment pointed that the resulting breads treatment T3 was best for all physico-chemical characteristics and, in general, resulted in
good sensory behavior, indicating that it could be a promising alternative to wheat flour.
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1.0. Introduction

Celiac disease is a severe genetic autoimmune disorder, caused by a dietary intolerance to gluten proteins found in all wheat types and closely related
cereals such as barley and rye [1, 2, 3]. Celiac patients have the only effective treatment is a strict gluten-free diet throughout the lifetime [4, 5]. Therefore,
gluten-free products, especially bakery products, were initially designed for celiac patients. At present, the demand for gluten-free products keep
increasing, and is purely motivated by health concerns. As a consequence, many researchers have been carried out to develop gluten-free bakery products
in order to offer a wide variety of gluten-free products with good nutritional quality, textural properties, palatability and sensory as well as long shelf life
[6-11]. Gluten is composed of alcohol-soluble prolamins, which consist of gliadin fraction, and alcohol-insoluble glutelins, which consist of glutenin fraction,
portions that trigger the symptoms in wheat, rye, spelt, oat and barley [12]. The small ingestion amounts of gluten can have serious health problems for
celiac patients. Therefore celiac patients must avoid the oral ingestion of gluten [13] and gluten-free food products must be produced in such a way as to
provide the conditions appropriate to the legislation and the amount of gluten must not exceed the amount specified in quality assurance legislations [14].
On the other hand, the production of high-quality gluten-free products made from ingredients other than wheat flour brings together major technological
challenge and poor nutritional attributes [15]. Attempts are thus made to adopt methods that could produce cereal based gluten-free products with
technological properties comparable to their gluten-containing counterparts and minimum compromises with quality [16]. Some novel techniques; such
as usage of pseudocereals, flours of different legumes and flours of fruits and vegetables, hydrocolloids, emulsifiers, and applying different processing
techniques such as; combination of infrared-microwave baking and extrusion cooking are often used to overcome these problems and to become better
the quality of gluten-free food products [17]. Bread is considered a staple food worldwide [18, 19].

It has been regarded for centuries as one of the most popular and appealing food products both because of its relatively high nutritional value and its
unique sensory characteristics (texture, taste, and flavor) [20]. The major attributes to determine the physical quality of breads are appearance, color and
specific volume. According to Itthivadhanapong and Sangnark [21], the physical quality of breads often depends on many factors such as the ingredients
used, the aeration of batters, and the techniques applied during mixing. Wheat flour is one of the main ingredients used to produce bread. For this reason,
celiac patients are not able to consume this baked product [10]. Therefore, gluten-free breads have been commercially manufactured to resemble those
made from wheat flour [10]. In the preparation of gluten-free baked products for celiac sufferers, cassava, maize, potato, or rice starch are widely used
instead of wheat flour [22]. Gluten-free breads formulated from rice flour with gums had more bright color, mild taste, ease of digestion and hypoallergenic
property [23, 24]. The sensory parameters of gluten-free bread made from potato starch, corn starch, and corn meal with guar gum, xanthan gum, and
pectin as gluten replacers in a various amount were studied by Gambus et al. [6].Very few studies for the production of corn and barley bread as gluten-
free foods have been carried out because of corn’s own distinctive flavor [25, 26]. However, the properties of gluten-free foods obtained from corn have
similar quality attributes compared to the foods made from wheat flour. Gluten free- bread is rarely or not practiced in Bangladesh. It was very much liked
by celiac patient who do not like to have wheat bread. This may create a new image for processing of a bakery product by using various gluten free cereal
grains flour. This will have a direct impact on consumer’s food selection and will increase their awareness of the health benefits of processed bakery product
in the prevention of chronic diseases. Therefore, the aim of this research was to study the different characteristics of three gluten-free bread formulations
prepared with cereal flours (Rice, corn and barley) to develop new formulations that could substitute wheat flour, as an alternative product for celiac
sufferers.

2.0. Materials and methods
The experiment was conducted in the laboratory of the Department of Food Engineering and Technology under the faculty of Engineering, Hajee
Mohammad Danesh Science and Technology University, Dinajpur, Bangladesh.

2.1. Sample Collection

Gluten-free flours were purchased from a commercial market and transported to the laboratory. Sieving of flours for the removal of physical impurities.
All other ingredients were purchased from commercial sources or directly from the suppliers, keeping the same specification in all experiments. Distilled
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water was used for all analysis. Polypropylene bags, aluminum foil paper and standard grade chemicals required for the work done were used form the
laboratory stock.

2.2. Material
The ingredients used were: rice flour, corn starch, barley starch, granulated white sugar, dried
milk, iodized refined salt, baking powder, egg, xanthan gum, yeast, distilled water and flavoring agents.

2.3. Experimental Treatments

Three formulations were prepared, namely barley flour based (Treatment T1), corn flour based (Treatment T2) and rice flour based (Treatment T3). The
basic replacing formulation for the loaf of bread was determined based on several preliminary assays. Ingredients for each formulation and their
concentrations are listed in Table 1.

Table 1. Basic formulation used for preparation of gluten-free bread.

Ingredients Composition (%)
Flour* 100

Yeast 4.5

Sugar 6.0

Salt 1.8

Xanthan gum 1.5

Milk powder 1.0

Baking powder 2.5

Egg 100
Flavoring agent 1.0

*Barley, corn or rice flour.

2.4. Baking procedure

The general technological scheme used to make the gluten-free bread is presented in Figure 1. To prepare the dough’s of gluten- free breads, ingredients
were weighed and mixed, adding first the dry ingredients, followed by yeast, shortening and water at 25+ 1°C. Kneading was done during 1min at low speed
and 3.5 min at medium speed. After homogenization, the batter was proofed at 37°C and 85% relative humidity for 45 min. The dough’s are cut into loaves,
which baked at 200°C for 30 min in an electric oven. Breads were cooled down at room temperature for 2 hours and were then sliced and wrapped up in
polypropylene bags.

Mixture of ingredients
(Kneading)

!

Dough division

!

Shaping

!

Fermentation

Baking

!

Cooling
Wrapping
Figure 1. Flow chart of bread preparation.
2.5. Analytical methods

2.5.1. Baking characteristics

Loaf volume was measured by small seeds displacement method [27]. A container was used to measure the volume using small grains. Rapeseeds were
poured into the container of known volume until the bottom was covered. The loaf was placed inside the container which was then filled to the top with
more seeds. The extra rapeseeds, which equal the loaf volume, were measured in a graduated cylinder. The specific volume of the loaf was calculated using
the following formula [28]:

Volume (cm3)

Specific volume (cm3/g) = Weight &

The initial batter weight and the weight of bread after cooling were measured, and the bake loss was calculated using the formula [28]:

Initial weight of batter — weight of bread after cooling

Bake loss (%) = X 100

Initial weight of batter

2.5.2. Chemical analyses
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Proximate analyses of the samples were carried out using official AOAC methods for moisture, crude fat, ash and crude protein [29]. A nitrogen to protein
conversion factor of 6.25 was used. Carbohydrate was calculated by difference.

2.5.3. Organoleptic properties of produced breads
Gluten free bread loaves were sensory evaluated after baking by twenty panelists according to the method described by Kramer and Twigg [30].

2.6. Statistical Analysis
Results were analyzed by analysis of variance (ANOVA) and least significance difference (LSD) using the general linear models procedure of Statistical
Analysis System (SAS, 8 version). LSD values were used for comparison of sample data and evaluations were based on a significance level of p <0.05.

3.0. Results and discussion

3.1. Baking characteristics

Baking characteristics of gluten-free breads are shown in Table 2. Loaf specific volume is considered as one of the most important criteria in evaluating
bread quality since it provides quantitative measurements of baking performance [31]. According to He and Hoseney [32], the capability to retain gas can
be expressed in terms of bread volume. The changes in volume values are reflected in specific volume [33]. Table 2 indicates that the specific volume was
lower (p < 0.05) in T2 than in Ty and Ts recipes and showed a significant difference only for rice flour (Ts) with the highest value 3.31 cm3/g. Differences in
bread volume can also be observed in Figure 2. The results were harmonized to others found by Abou-Zaid et al. [34]. However, specific volumes of gluten-
free breads containing rice flour showed higher value than the findings reported by Matos et al. [10] in which their rice-based breads incorporated with
different protein sources had specific volume of 1.54 cm3/g. This finding shows that rice flour could be a good flour substitute for wheat flour in producing
gluten-free bread. Generally, volume depends on gas formation, which depends on many factors, such as yeast, fermentable sugars, baking powder and pH,
and gas retention. The presence of emulsifiers also affects bread volume [28, 35]. However, these values of specific volume were not satisfactory when
compared to the specific volume obtained for an ordinary thin loaf prepared with plain flour, for which the mean value was 6.00 cm3/g, according to
Machado [36]. Some special bread exhibited specific small volumes (cm3/g), that is, they were denser and more compact, although these characteristics
did not interfere with their acceptability by the consumers, according to Matz [37]. The barley flour bread (T1) and corn flour bread (Tz) presented lower
volumes than rice flour breads (Ts), but no significant differences (p > 0.05) were seen between samples.

Table 2. Baking characteristics of bread.

Baking characteristics

Treatment Code . Bake loss Moisture
Loaf specific volume (cm3
p (cm?/g) (%) %)
T1 2.66+1.5P 14.69+1.0° 42.1241.52
T2 2.5340.2b 13.87+1.22 41.06%0.22
Ts 3.31£0.22 13.114+0.72 41.30%0.22

Mean value + standard deviations of three replicates. Values labeled with a different letter in the same column are significantly different (p < 0.05). Barley
flour based: T1; Corn flour based:T2; Rice flour based: Ts.

Moisture content is the main parameter of food products that influence their shelf life. According to Rakcejeva et al. [38], the shelflife of products with high
moisture content is shorter than that with lower moisture. Gluten free bread with the share of xanthan gum not exceeding 1.5%, revealed comparable
moisture (40-45%) and similar to the previous findings [39]. No significant differences (p > 0.05) were found in moisture content values of the three breads
analyzed.

Figure 2. Gluten-free dough and bread of different treatment. Barley flour based: T1; Corn flour based: T2 and Rice flour based: Ts.
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Bake loss is another important parameter related to bread quality because it is highly related with the firming process in starch-based systems [28].
Regarding to bake loss, Tz and T3 had lower values, 13.87 and 13.11, respectively, because of the low initial % of water and the high % of fiber contained in
corn and rice flour, which absorbs water and helps to its retention during baking. The total baking loss of gluten-free bread developed in this study was
lower than that of gluten-free bread developed by Pastuszka et al. [39].

3.2. Chemical analysis

The proximate contents of barley flour (T1), corn flour (T2) and rice flour (Ts) bread are presented in Table 3. There was important significant differences
(p<0.05) among the proximate composition of all the gluten free bread samples. This table indicates that, the carbohydrate, protein and ash content of
treatment T3 were higher than those of treatment T1and Tz. The results are agreement to the results of Hussein et al, Jancurova et al. and Abugoch et al.
[40-42]. In this study, the gluten-free breads shows the great variation in the nutrient composition, being starchy based foods low in proteins and fat
content and high in carbohydrate content. The protein contents of the composite breads ranged from 6.78-7.94%, was found to be the highest in Ts while
T2 showed the lowest values. This increase in the protein content must be associated to the presence of milk powder and egg proteins in the formulation,
since those ingredients are used as protein sources in gluten free breads [43, 44]. Hegazy et al. [45] also found higher amount of protein content in rice
flour and corn starch gluten-free bread formulations when compared to wheat flour control bread probably due to the addition of defatted soy and chickpea
flours substituting part of wheat flour in yeast leavened bread making.

Table 3. Chemical composition of gluten-free bread.

Chemical composition (%)

Treatment Code Protein Fat Ash Carbohydrate
T1 7.6140.52 2.64+1.52 1.8+1.3¢ 74.14+1.1¢
T2 6.7840.9> 2.67+1.22 2.31+0.2b 76.2610.90
Ts 7.9440.22 2.01+1.1b 2.51+1.22 78.311+0.72

Mean value =+ standard deviations of three replicates. Values labeled with a different letter in the same column are significantly different (p < 0.05). Barley
flour based: T1; Corn flour based:Tz; Rice flour based: Ts.

Treatment T3 presented the lowest values of fat content (2.01%), which agrees with the absence of fat ingredient in the formulation. Conversely, T> showed
the highest fat value (2.67%), due to the contribution of the vegetable oil in these gluten-free bread formulations. Slightly variations were observed in ash
contents that ranged from 1.80 to 2.51%. Treatment Ts had the highest ash content, mainly derived from the level of salt. Bilgicli [46] also found an ash
amount increase in buckwheat flour, corn starch and rice flour pasta formulations when compared to wheat flour control pasta. The total carbohydrate
content of gluten-free bread varied from 74.14 to 78.31%, was found to be the highest in T3 while T1 showed the lowest values probably due to use the rice
flour and barley flour, respectively. The different proximal composition of gluten-free bread commercial samples studies could be affected by many factors
such as the wide range of complex ingredients added and their combinations, besides the additives used to improve the structure, mouth feel, acceptability
and shelf-life of these products [43,47].

3.3. Sensory evaluation

The sensory analysis showed significant differences (p < 0.05) among the different experimental breads for the different attribute like color, flavor, texture,
taste and overall acceptability (Table 4). Results highlighted that the addition of hydrocolloids (Xanthan gum) and whole egg improved the sensorial quality
of gluten-free breads in most of the cases. In fact, the sensorial data showed that the treatment T3 with the use of rice flour bread presented the best results,
higher color, flavor, texture and taste, followed by barley and corn flour, as shown in Table 4. According to Machado [48], the texture is considered one of
the most important aspects of bread quality, which is influenced by the granulation or structure of the crumb. With regard to the overall acceptability, T3
sample was the more acceptable to the panelist, while T: and Tz samples were the lowest acceptable sample. However, the bread prepared with corn flour
was considered good as taste and overall acceptability and barley flour bread was considered better as color.

Table 4. Sensory evaluation of the breads by consumer’s test.

Sensory attributes

(0) 11
Treatment Code Color Flavor Texture Taste vera .
Acceptability
T1 7.57+1.12 6.89+1.52p 5.7+1.6° 5.6+1.3b 4.84+1.1°
T2 6.46+1.2b 6.6+1.5b 6.46+1.60 6.9+1.32a 5.8+1.12
Ts 7.71+£1.32 7.7£1.72 7.61+1.72 7.21+1.62 6.1+1.2a

Mean value + standard deviations of three replicates. Values labeled with a different letter in the same column are significantly different (p < 0.05). Barley
flour based: T1; Corn flour based: T2; Rice flour based: Ts.

4.0. Conclusions

The results of the current study show that it is possible to formulate gluten-free breads with good baking characteristics, while the use of rice flour (T3) in
the recipe leads to breads with good quality specific volume, ideal moisture and low bake loss. Bread with rice flours showed good chemical characteristics
and an adequate sensory profile. Corn flour generated batter with good sensory properties, however its breads generally presented poor characteristics.
For rice flour breads (T3) good results were obtained, in all parameters studied indicating that these ingredients could be a promising alternative to wheat
flour. The approach demonstrated in the present work could also serve as a stepping stone to the production of other gluten-free bakery products such as
cake and muffins. Further microbial and rheological research is needed to complete the application study of different flours on gluten-free breads. However,
regarding the current increasing awareness of celiac disease due to superior diagnostic methods, more comprehensive researches in the field of gluten-
free cereal-based products are necessary.
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