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Abstract: This work aimed to develop high-quality gluten-free bread based on maize and buckwheat
with good palatability and texture properties. Different aromatic herbs and spices were incorporated
as ingredients to evaluate whether their addition could influence the acceptability of consumers by
improving the sensory properties of the final product. The bread formulation was first optimized
through a response surface methodology. Accordingly, high specific volume, high springiness, and
low hardness provided the best theoretical bread quality. However, when developing the product,
some sensory defects were detected. Therefore, the addition of other ingredients (e.g., oil, sugar, and
yeast) was tested. Finally, five different gluten-free bread with different combinations of aromatic
herbs and spices were obtained. They were nutritionally characterized and subjected to sensory
analysis by a panel of 140 consumers. The chemical composition of all bread was very similar, with
only slight differences among them. Likewise, all of them received acceptable sensory scores (>5) from
consumers, and some combinations of herbs and spices obtained scores higher than in the control
bread (without herbs and spices). Overall, the gluten-free bread formulated with the combination of
basil and oregano was the one that consumers significantly liked the most.

Keywords: bread; gluten-free; acceptability; chemical composition; textural parameters; sensory
evaluation; experimental design; bread-making

1. Introduction

In the last decade, the development and demand for gluten-free products have experi-
enced an important increase within the food industry. This is mainly due to the increasing
prevalence and greater awareness of celiac disease, non-celiac gluten sensitivity (NCGS),
and wheat allergies. Likewise, a large number of consumers have the social perception that
a gluten-free diet is healthier because of the relationship between gluten and inflammation
of the gastrointestinal tract and caloric intake [1]. Accordingly, there has been increasing
demand for substituting wheat in foodstuffs with other gluten-free alternatives, such as
maize, sweet potato, and rice bran flour, among others. However, despite the wide variety
of gluten-free products currently available on the market, many of them do not meet the
nutritional and sensory requirements of these consumers. Hence, consumers in general
show dissatisfaction with these products, since many of them have little nutritional value,
different taste, bad texture, bad appearance, short shelf life, etc. For instance, the study
carried out by Alencar et al. (2021) about the perception of celiac consumers towards
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gluten-free products revealed that flavor and texture are among the main sensory proper-
ties that should be improved in them, as they are not like those in the gluten-containing
products [2]. For this reason, efforts are still needed within the food industry to improve
the characteristics of gluten-free products.

Among the different products, the development of gluten-free bread with suitable
sensory acceptance is one of the main challenges within the food industry. Bread is a basic
food worldwide. The main ingredients in bread making are flour, water, and, optionally,
yeast and salt [3]. It is generally made with flours from cereals that contain gluten (wheat,
rye, oats, and barley) since the gluten allows for the creation of a three-dimensional
network, which is essential in the baking and dough preparation processes. This network
improves the texture and flavor, retains water and fats, preserves the air incorporated
during kneading, and improves adhesiveness [4]. For this reason, the preparation of
gluten-free bread is not easy due to the absence of the three-dimensional network and
the viscoelastic properties provided by gluten. Moreover, it is worth highlighting that
the methodology followed to prepare gluten-free bread is different from the conventional
bread-making process. For instance, gluten-free doughs need to be placed in baking molds
and undergo longer fermentation and baking times than conventional bread due to the
higher water content [4]. Additionally, it is necessary to add ingredients that help to replace
the gluten properties to achieve characteristics similar to those of conventional bread. Thus,
hydrocolloids, such as xanthan gum and psyllium husk, are normally used to replace gluten
since they help to improve the structure, viscosity, and elasticity of the gluten-free dough [5].
On the other hand, to avoid flours from cereals containing gluten, gluten-free cereal flour
mixtures in different proportions are normally employed. Among these gluten-free flours,
the most common are those from maize, rice, and buckwheat [6]. However, despite the
industry’s efforts to improve processes, the resulting final product does not usually have
much sensory acceptability by consumers compared to conventional bread [7].

Accordingly, different strategies have been carried out to improve bread quality. For
instance, different flours from cereals and pseudocereals (spelt, quinoa, amaranth), oilseeds
(chia, sunflower, flaxseed, pumpkin), tubers (sweet potato, tiger nuts), fibers (fructans),
fruits (blueberry, apple, and grapefruit), herbs (spearmint, oregano, thyme, satureja),
spices (fennel seeds, cinnamon, clove), and even yogurt and kefir have been added as
ingredients in bread formulation [8-22]. These studies have revealed that these types of
modifications in bread formulation can lead to unexpected changes in the physicochemical
and sensory properties of the final product. Hence, the incorporation of some ingredients
in the breadmaking process, such as aromatic herbs and spices, could significantly change
and improve the final sensory properties (i.e., flavor, odor, appearance, etc.) of bread and
thus have an influence on the acceptability and consumers’ choice. Moreover, the addition
of aromatic herbs and spices as bread ingredients may increase the nutritional quality of
the final product and contribute to the intake of phytochemicals with health benefits for
consumers [22].

In this context, the aims of the present study were to develop and formulate high-
quality gluten-free bread based on maize and buckwheat flours with good physical, nu-
tritional, and palatability properties and to evaluate whether the addition of aromatic
herbs and spices could influence the acceptability of consumers by improving the sensory
properties of the final product.

2. Materials and Methods
2.1. Bread Ingredients

All bread were prepared with gluten-free and vegan maize flour (Adpan, Asturias,
Spain), gluten-free and organic buckwheat flour (Biorganic Natural Food SL, Toledo, Spain),
salt (Sal Costa SLU, Barcelona, Spain), sugar (Azucarera AB Sugar Company, Madrid,
Spain), gluten-free yeast (Maizena Unilever, London, UK), gluten-free and 100% natural
xanthan gum (Biorganic Natural Food SL, Toledo, Spain), gluten-free psyllium husk (Bior-
ganic Natural Food SL, Toledo, Spain), and extra virgin olive oil (EVOO, Aceites Coosur
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SA, Jaén, Spain). Moreover, different combinations of aromatic herbs (thyme, rosemary,
basil, oregano, coriander) and spices (cumin, anise) were used to prepare the gluten-free
bread. These aromatic herbs and spices were acquired from Mercadona (Valencia, Spain).
All ingredients were purchased and stored at room temperature until use.

2.2. Experimental Design for Bread Formulation

The response surface methodology (RSM) is a collection of techniques that allow for
the inspection of a response that can be displayed as a surface when the experiments
investigate the effect of varying quantitative factors on the values that a dependent variable
or response takes [23]. Accordingly, the bread formulation was first optimized through
an RSM in which the effect of independent variables (proportion of gluten-free flours, X;
proportion of hydrocolloids, X,; and hydration percentage, X3) was evaluated to determine
the most appropriate ratio of ingredients to obtain a gluten-free bread with desirable
physical characteristics. For this purpose, a Box-Behnken Design (B-BD) was carried out.
The Box—Behnken design is a response surface which designs place points on the midpoints
of the edges of the cubical design region, as well as points at the center, circumscribed on a
sphere. This design can be applied for the optimization of various chemical and physical
processes, where the number of experiments is determined according to the requirements
of the process [23]. Thus, experiments, performed in triplicate, were conducted using B-BD
(Table 1) with three factors (X1, Xp, and X3) at three levels (low (—1), medium (0) and high
(+1)), as follows: X;: 60% (—1), 80% (0), 100% (+1); Xa: 0% (—1), 50% (0), 100% (+1); X3:
70% (—1), 95% (0), and 120% (+1). The dependent variables studied in the 13 experiments
were the specific volume and several instrumental parameters (hardness, adhesiveness,
springiness, cohesiveness, chewiness, resilience, and color). To prepare the bread for these
experiments, the flour weight was used as a reference, considering this weight as 100%.
Accordingly, a 1.5% (based on flour weight) of both yeast and salt was set, while the
percentages of flour, hydrocolloids, and water varied depending on the experiment since
they were the factors evaluated in the experimental design.

A multi-response optimization was accomplished using a desirability function pro-
vided by XLSTAT Statistical Software for Microsoft Excel version 2021.1 (Addinsoft, Paris,
France). Desirability analysis was employed to assess if a combination of variables satisfied
the goal that was defined for the response, using a scale ranging from 0.0 (undesirable) to
1.0 (highly desirable), and finally, the design space of responses was predicted using the
regression model equation [24,25]. Experimental data were fitted to the quadratic model
using a second-order polynomial model. Coefficients (linear, quadratic, and interaction)
were determined by least squares regression. Analysis of variance (ANOVA) was used to
determine the significance and interactions of the factors (p < 0.05). The experimental data
obtained were optimized considering the higher specific volume and springiness and the
lower hardness, as these are key parameters influencing the quality of bread [26].

A second-order polynomial model provided by the Box-Behnken design relating the
responses to factors Xj, Xp, and X3 was used to optimize the responses, as follows:

Y = ap + a1X1 + a2X2 + a3X3 + a1,2X1X2 + 31’3X1X3 + a2/3X2X3 + aLlez + 32’2X22 + a3,3X32 (1)

where Y = response value, a4 = constant coefficients, and X = independent variable.

The variables individually considered to evaluate the best formulation of gluten-free
bread were used as the response (Yi): Y1, specific volume; Y3, springiness; and Y3, hardness.
The experimental conditions that independently maximized Y; and Y,, and minimized Y3
were obtained from the fitted models.
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Table 1. Box-Behnken experimental design with a three-level full-factorial subset of experiments.

Experiment Run Order Flour Hydrocolloids Hydration
Proportion (X;) 1 Proportions (X;) 2 Percentage (X3) 3
1 1 60 0 95
2 11 80 0 120
3 8 100 50 120
4 6 100 50 70
5 4 100 100 95
6 3 60 100 95
7 13 80 50 95
8 12 80 100 120
9 10 80 100 70
10 7 60 50 120
11 5 60 50 70
12 2 100 0 95
13 9 80 0 70

1 Proportion of flours (maize and buckwheat flours), maize flour as reference (60, 80, and 100%) based on flour
weight. 2 Proportion of hydrocolloids (0, 50, and 100%), based on xanthan gum weight. 3 Hydration percentage
(70, 95, and 120%) based on flour weight. The ranges used for hydration were selected based on the amounts used
in another study [26].

2.3. Bread-Making Procedure and Gluten-Free Bread Prepared

Once the gluten-free bread formulation was optimized through RSM, the final gluten-
free breadmaking procedure was as follows: dry ingredients (maize and buckwheat flours,
sugar, aromatic herbs, and spices) were first weighed and carefully placed in a bowl.
Then, liquid ingredients (water and EVOO) were weighed and incorporated into the dry
ingredients. Finally, the hydrocolloids (xanthan gum and psyllium husk), the yeast, and the
salt were weighed and added to the rest of the ingredients in that order. The ingredients
and proportions used are indicated in Figure 1. The amount of aromatic herbs and spices
was selected by an optimization performed in the laboratory, resulting in 1.7 g of each
herb and spice to achieve enough flavor. However, in the case of anise, a larger amount
was required to be added to the bread formulation (6.8 g) in order to appreciate the flavor
of this particular spice in the product. A kneader-mixer (KitchenAid 5KPM5, Whirlpool
Corporation, Benton Harbor, MI, USA) was used to combine dry ingredients (Speed 1
for 1 min) and to subsequently mix all the ingredients (Speed 2 for 6 min) to obtain the
bread dough. Afterward, the dough was allowed to rest for 15 min and was placed into
the baking molds. Then, for the rising step, the baking molds were placed in an Anova
Precision™ Smart oven (Anova Culinary, San Francisco, CA, USA) at a relative humidity
of 70% and 30 °C for 45 min. Finally, the dough was baked at 190 °C for 40 min. At the end
of the baking process, the resulting bread was cooled at room temperature for 1 h before
analysis. For chemical composition analysis, the loafs were packaged in freezer zip bags
and stored at —20 °C until further analysis.

In total, five different gluten-free bread were prepared (Figure 1), denoted as B-CS
(bread control), B-TR (bread with thyme and rosemary), B-BO (bread with basil and
oregano), B-CC (bread with coriander and cumin), and B-A (bread with anise). All of
them were prepared in the same way, following the same bread-making procedure, and
only the combination of aromatic herbs and spices added to their composition changed
among them. The selection of aromatic herbs and spices was based on their bioactive
properties and because they are frequently used in European countries. On the other hand,
their combination was based on their compatibility when used together in some culinary
dishes without causing displeasure (e.g., basil and oregano are frequently used in Italian
dishes, sometimes even jointly).
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500 g water

286 g maize flour

139 g buckwheat flour
4.25 dry yeast

6.37 g salt

7.22 g xanthan gum
1.27 g psyllium husk

21 g extra virgin olive oil
23.8 g sugar

Thyme and rosemary
(B-TR)

. oregano Basil and oregano
sil and 1.79
+17gba ‘ (8-BO)
*1.7 g cori
9 Coriander and 1.7 g cym;
\'” Coriander and cumin
(B-CC)
“o8g an;
se
Anise
(B-A)

Control
(B-CS)

J

Figure 1. Gluten-free bread formulations prepared using different combinations of aromatic herbs
and spices.

2.4. Physical Properties of Gluten-Free Bread

Different physical properties were determined in the bread prepared, such as the
specific volume, textural parameters, and color analysis. All assays were performed in
triplicate for each bread formulation.

2.4.1. Specific Volume

Bread volume was determined by using the seed displacement method [27,28]. Ac-
cordingly, a 2 L test tube was filled with flax seeds, and then the bread was submerged.
The volumetric difference observed before and after the bread submersion was measured
and corresponded to the bread volume. Afterwards, the specific volume was calculated
according to the following equation:

Specific volume (cm?®/g) = bread volume/bread weight

2.4.2. Textural Parameters

Texture profile analysis (TPA) is a common test for determining the textural prop-
erties of food [29,30]. Accordingly, a TPA was carried out on bread slices of 20 mm and
30 x 30 mm in size using a 25 mm cylindrical probe. The bread textural parameters (hard-
ness, adhesiveness, springiness, cohesiveness, chewiness, and resilience) were measured
with a texture analyzer (TA-XT2 Stable Micro Systems, Godalming, United Kingdom). Test
conditions were established according to Belorio et al. [26]: deformation 50%, test speed
1 mm/s, and time between compression 10 s. Textural parameters were calculated from the
force-time curve generated by the test using the manufacturer’s software and standard
equations [29,30] (Supplementary Figure S1).
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2.4.3. Color Analysis

The crumb color of the bread was determined with a colorimeter (CR-400 Konika
Minolta, Tokyo, Japan). For this purpose, the L*a*b* color dimensions defined by the
Commission Internationale de I'Eclairage (CIE) were used. Accordingly, the L* coordinate
indicates the lightness (ranging from 0 value (black) to 100 value (white)), a* coordinate
corresponds the redness/greenness (positive values indicate red, whereas negative values
indicate green), and b* coordinate indicates the yellowness/blueness (positive values
indicate yellow, whereas negative values indicate blue) [31].

2.5. Proximate Chemical Composition

The moisture, dry matter, ash, free lipid fraction, crude fiber, and protein contents
were determined in all the final gluten-free bread samples prepared (B-C, B-TR, B-BO, B-CC,
B-A) using the standard methods established by AOAC [32-34], as described by previous
authors [35,36]. Accordingly, moisture and dry matter were determined by gravimetry after
an oven-drying process. Ashes were also determined by gravimetry, but after dry mineral-
ization using a mulffle furnace. The free lipid fraction was determined gravimetrically with
the Randall method based on a hot extraction with petroleum ether. The crude fiber content
was determined by performing two consecutive acid and basic hydrolysis. The protein
content was estimated as Kjeldahl N x 5.70 (nitrogen conversion factor for cereals) [32-34].
The carbohydrate content was estimated by difference (subtracting from 100 g the sum of
lipids, proteins, and ashes) [36]. All values (except moisture) were adjusted for dry matter.
Each parameter was measured in triplicate in each bread sample.

2.6. Sensory Evaluation by Consumer Panelists

Sensory evaluation was carried out to assess consumer acceptance of the different final
gluten-free bread formulations (B-C, B-TR, B-BO, B-CC, B-A). Accordingly, sensory analysis
was performed by a total of 140 panelists, of which 55% were women and 45% were men
with different age ranges (91% between 18 and 30 years, 3% between 31 and 42 years,
4% between 43 and 56 years, and 2% between 57 and 70 years). These panelists were
recruited both from the database of the Gastronomic Innovation Center of the Community
of Madrid (Spain) and from among the students and staff of the Universidad Rey Juan
Carlos (Méstoles, Spain). Accordingly, 81% of them were students, 12% were workers,
and 6% were both students and workers. All participants were declared to be regular
bread consumers. Likewise, all of them were informed about the test and provided their
informed consent to participate. The sensory tests were exempt from ethical committee
review. Sensory evaluation of the baked loaves was carried out following cooling to
room temperature. The bread loaves of each of the five bread formulations were cut into
30 x 30 mm slices, including crumb and crust. The samples were coded with a random
digit code. All formulations were presented at the same time to the panelists along with
water (Figure S2). Panelists were asked to evaluate each slice for appearance, odor, taste,
texture, and overall liking through a nine-point scale: dislike extremely (1), dislike very
much (2), dislike moderately (3), dislike slightly (4), neither like nor dislike (5), like slightly
(6), like moderately (7), like very much (8), and like extremely (9). Values >5 indicated
that panelists accepted the product, while values between 1 and 4 indicated that panelists
rejected the product. Additionally, the panelists were asked to sort the bread samples based
on their preference, placing the bread they liked the most in the first place and the one they
liked the least in the last place. The questionnaire presented to the panelists to collect their
answers was created with the Sensesbit software (Tastelab, Spain), so they could access it
through their mobile phones with a QR code. Thus, the answers provided by the panelists
were collected digitally through this software.

2.7. Data Processing and Statistical Analysis

Statistical analysis of the data obtained from the proximate chemical composition
and sensory evaluation was performed using SPSS 28.0.1.0 software (IBM, Chicago, IL,
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Y; (specific volume) = 1.62 + 6.58X; — 0.02X; + 4.75X3 + 0.12X;% — 2.2X; X — 0.13X; X3 — 2.67X;2 — 0.02X,2 +

Y, (springiness) = 0.8 + 0.03X; + 0.02X, + 0.06X3 — 0.06X;2 + 0.02X;X, — 0.04X1X3 — 0.06X2 + 0.07XX3

USA). One-way analysis of variance (ANOVA), post hoc Tukey, and post hoc Duncan
multiple range tests were conducted to determine significant differences among samples.
The significant level was established at p < 0.05.

3. Results and Discussion
3.1. Physical Properties of Bread and Optimization of the Bread Formulation through
Experimental Design

Textural parameters and specific volume values obtained for the different bread
prepared according to the experimental design are shown in Table S1. It is observed
that the conditions of experiment 2 (80% maize flour, 20% buckwheat flour, 0% xanthan
gum, 100% psyllium husk, and 120% hydration) obtained the highest specific volume
value. These conditions presented the lowest hardness value, although they did not show
significant differences with the conditions of experiment 13. The conditions of experiment
7 (80% maize flour, 20% buckwheat flour, 50% xanthan gum, 50% psyllium husk, and 95%
hydration) provided the highest springiness values.

The regression model analysis was applied to analyze the experimental data regarding
the specific volume and textural parameters (in Table S1) and to evaluate the relationship
between the responses (specific volume, springiness, and hardness) and the independent
variables, which are represented by the following second-order polynomial equations:

8.33XyX3 — 0.14X32 @

— 0.009X52 ®)

Y; (hardness) = 1980 — 852Xy — 422X, — 1353X3 + 1911X32 + 1261X1 X5 + 296X X5 + 138X52 — 254X, X5 + 2310X52  (4)

Regarding Y; (specific volume) and Y, (springiness) models, the most significant
coefficients (p < 0.05) were hydration and maize proportion. On the other hand, hydration,
maize proportion, and xanthan proportion were the most significant (p < 0.05) for Y3
(hardness). These adjusted models explained 70%, 73%, and 97% of the variability of Y7,
Y5, and Y3, respectively.

Figure 2 presents the results of fitting the experimental data to the model of Equation (2)
for Y1, Equation (3) for Y5, and Equation (4) for Y3. The three-dimensional response surface
graphs outlined the combined effect of the independent variables (proportion of maize and
buckwheat as gluten-free flours, proportion of xanthan, and hydration percentage) on the
dependent variables studied. The plots are constructed as a function of two variables while
keeping the third variable constant (at the central value). Figure 2a shows that springiness
values were higher at higher hydration and higher xanthan proportions, with similar results
found for specific volumes (Figure 2b). However, hardness decreased as the hydration
percentage increased, and it can be observed that there was no significant change as the
xanthan percentage increased (Figure 2c). The interactions of maize flour and hydration
at 50% xanthan are shown in Figure 2d—f. Springiness increased with low to intermediate
maize proportion values and with high hydration levels (Figure 2d). Specific volume in-
creased as maize proportion increased and also with high to intermediate hydration values
(Figure 2e). Hardness decreased with both maize proportion and hydration intermediate
values (Figure 2f). Regarding the effect of maize and xanthan percentage, springiness
increased with intermediate values (Figure 2g), specific volume increased with a high
maize proportion and high and low values for xanthan (Figure 2h). Hardness decreased as
the maize proportion increased, and very small changes were observed with the xanthan
proportion (Figure 2i). In general, springiness and specific volume values were higher at
higher hydration levels, while hardness was higher at lower hydration levels.
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Figure 2. 3D response surface graphs of the effect of hydration and xanthan percentage on (a) springi-
ness, (b) specific volume, (c) hardness; effect of maize proportions and hydration on (d) springiness,
(e) specific volume, (f) hardness; effect of maize proportions and xanthan percentage on (g) springi-
ness, (h) specific volume, (i) hardness.
Table 2 shows the results of the optimization of the variables (specific volume, springi-
ness, and hardness) by desirability function. The maximum predicted response for specific
volume was 1.728 using 100% maize, 100% psyllium husk, and 102.41% hydration, with a
desirability of 0.844, while the predicted responses for springiness and hardness were 0.841
and 1561.066, respectively, both with a desirability of 1.
Table 2. Optimization of variables (specific volume, springiness, and hardness) by desirability function.
Xq Xz X3 . .
. . o3t Predicted E 1
Parameter (Maize Flour (Xanthan Gum (Hydration Desirability Rrees ltfrtlese xp\sar;lr:\eesnta % Error *
Proportion) Proportion) Percentage) P
Specific volume (cm®/g) 100.00 0.00 102.41 0.84 1.73 1.45+0.07 16%
Springiness 67.23 86.60 117.66 1.00 0.84 0.73 £0.02 13%
Hardness (g) 7511 78.33 98.89 1.00 1561 2944 + 109 88%

* %Error = 100 x (experimental value-predicted value)/predicted value.

At those optimum formulations, the theoretical or predicted values of all dependent
variables were estimated using the second-order polynomial equations developed (Table 2).
The average values obtained experimentally for the specific volume were 1.45 cm3/g,
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springiness had a mean value of 0.73, and hardness presented 2944 g. A variation of 16,
13, and 88% was observed between the predicted maximum value and the experimental
maximum for these variables, respectively. The results for specific volume and springiness
had some agreement with respect to the predicted values from the optimization analysis
using the desirability function. However, in the case of hardness, they did not confirm
the adequacy of the response model, and it did not achieve the expected optimization.
Based on these results, the final conditions that allowed the production of bread with
greater springiness were selected, since this was the variable that presented the lowest
percentage of error. In this sense, based on the results obtained from the optimization of
the experimental design, the final bread formulation selected was the following: 67% maize
flour, 33% buckwheat flour, 87% xanthan gum, 13% psyllium husk, and 118% hydration
(Table 2). This formulation was called B-ED.

However, despite obtaining gluten-free bread with good springiness, some sensory defects
were detected that could affect the acceptability of the product. Therefore, the formulation
was modified in order to obtain the best springiness based on the information described by
other authors [13], which revealed that many gluten-free bread products are also formulated
with other ingredients, such as oil and sugar, as well as with a higher percentage of yeast
than that initially used in the first experiments (1.5%). Therefore, two new bread formulations
were proposed: oil bread control formulation (B-CO), including EVOO (5%) and a greater
amount of yeast (increasing the content from 1.5 to 3%), and sugar bread control formulation
(B-CS), including EVOO (5%), sugar (5.6%), and a greater amount of yeast (increasing the
content from 1.5 to 3%). These two new formulations were carried out experimentally and
analyzed in triplicate. Afterward, the physical properties of the original formulation (the one
obtained with the experimental design, called B-ED) and the two new formulations (B-CO
and B-CS) were statistically compared (values in Table 3). As can be observed, no significant
differences were found for springiness or specific volume. On the other hand, B-CO and B-CS
formulations presented better results for hardness (lower values) without significant differences
among them. However, B-CS obtained the highest specific volume and the lowest hardness, so
this formulation was finally selected as the optimal formulation to produce gluten-free bread.
Other physical properties of these formulations were also determined (Table 3). Regarding the
color properties, parameter b* values indicated that the yellow color continued to predominate
in B-CS and B-CO (Table 3), although in a lower intensity than in the previous experiments
evaluated (Table S2), possibly due to the lower percentage of maize flour in B-CS and B-CO.
On the other hand, higher luminosity values (L*) and lower a* values were observed in B-CS
and B-CO compared to B-ED (Table 3), but they were similar to those obtained in the rest of the
bread made during the experimental design (Table S2).

Table 3. Physical properties of the gluten-free bread formulations (B-ED, B-O and B-S).

FOTEETSiOH Sl?::rllg./;o‘. Hard. (g) Adh. (g.s) Spring. * Cohesiv. * Chew. * Res. * L ** a** b **
B-ED 1.80 £0.012 1788 +130 2 —160 +48° 0.72 £0.02° 047 +0.022 605 + 512 0.19 £0.012 56 4+2P 1.9+03P 274+£05%
B-CO 1.99 +0.01° 949 4 200 ® —27 4272 12+082 0.44 +0.042 539 £3912 0.19 £0.022 62+1P 1.6 +02° 27.8+042
B-CS 211+0.022 860 +19° —66 412 1.0+072 05+01°% 485 + 4262 034012 628 +09? 1.0+03P 264 +£09°?

Specific volume (Specif. Vol.); Hardness (Hard); Adhesiveness (Adh.); Springiness (Spring.); Cohesiveness
(Cohesiv.); Chewiness (Chew.); Resilience (Res). * Dimensionless. ** Results are the means =+ standard deviation.
Values in the same column with different superscript letters are significantly different (p < 0.05) (post hoc
Tukey test). B-ED: Bread formulation from the experimental design, B-CO: oil bread formulation, B-CS: sugar
bread formulation.

Hence, based on the results described above, once the bread formulation B-CS was se-
lected as optimal, different types of gluten-free bread were prepared using this formulation,
including the combination of different aromatic herbs and spices, as indicated in Figure 1, in
order to evaluate the effect that the addition of these ingredients can have on the chemical
composition and the organoleptic characteristics of the product. The amount of aromatic
herbs and spices added was selected by testing different proportions. First, 0.8% based on
the flour weight of each herb/spice was added, but it was observed that this amount was
too much when mixing all the ingredients, and the flavor was excessive. Therefore, lower
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percentages (0.6 and 0.4%) were evaluated. A 0.6% was still too much, but a 0.4% was fine
when all the ingredients were mixed and a suitable flavor was achieved. Therefore, this
percentage (0.4%, corresponding to 1.7 g) was finally selected for the addition of herbs and
spices. However, in the case of anise, a larger amount was required. It was observed that
by adding the same amount of anise as other herbs and spices (1.7 g), no flavor of anise was
detected in the bread when tasting it. Therefore, the amount was first doubled (3.4 g), but it
was still not enough to achieve a suitable flavor. Thus, it was necessary to add 4 times more
anise (6.8 g) than the other herbs and spices to appreciate the flavor of this particular spice.

3.2. Proximate Analysis of Gluten-Free Bread Prepared with Aromatic Herbs and Spices

The chemical composition of the gluten-free bread prepared with the optimal formula-
tion and including aromatic herbs and spices is shown in Table 4.

Table 4. Proximate composition of gluten-free bread samples.

Bread Moisture Protein * Fat* Ash * Fiber * Carbohydrate *
Formulation (%) (%) (%) (%) (%) (%)
B-CS 44 £ 42b 9.06 +£0.012 4440279 28+02¢ 0.562 + 0.002 2 84452
B-TR 40 +4° 90+0.1° 46+033 2.7 4+ 0.1 ab¢ 0.596 =+ 0.001 P 84422
B-BO 43 4 4 9.0+ 022 3.97 +0.052 26+0.12 0.572 4+ 0.001 2 84422
B-CC 43 443 8.89 +0.012 411 £ 0.052P 251+ 0.042 0.58 + 0.02 2P 84422
B-A 47 £ 4P 89+ 022 45+06P 2840.1Pb¢ 0.529 + 0.003 2 84422

Mean scores in columns with the same superscript letter are not significantly different (p < 0.05), as determined by
Duncan’s multiple range test. * Data expressed on dry weight basis (DM).

The results obtained were very similar among the different bread samples, with
slight differences. The moisture content of the samples ranged from 40 to 47%, which are
values comparable with the published data for other gluten-free bread [37]. No significant
differences were found in this parameter among the different bread, except between B-TR
and B-A. On the other hand, carbohydrates were the main nutrient in the bread samples,
followed by proteins, fats, and ashes in terms of dry matter. No differences were observed
in the content of carbohydrates, and the values were similar to the ones reported by other
authors [35,38]. Within carbohydrates, the content of crude fiber ranged from 0.529 to
0.596%, being significantly higher in the case of B-TR. These variations could probably be
attributed to differences in the aromatic herbs and spices used. Nonetheless, the values
were in the range of those reported in other works [35,36]. Regarding the protein content,
no differences were observed among the bread samples. However, the average value was
9%, which is lower than the data reported for other gluten-free bread made with other
pseudocereal flours (e.g., teff, amaranth, quinoa) [37]. One possible reason for these results
is that amaranth and quinoa seeds have more proteins in their chemical composition than
buckwheat [39]. On the other hand, the fat content was also very similar among the bread
samples, with only slight differences observed between samples B-BO and B-A. The fat
values were higher than the ones reported by previous authors [35,37]. This was mainly
attributed to the addition of EVOO as an ingredient in the bread formulation. Finally,
the ash content varied from 2.51 to 2.8%, with slight differences among the samples that
were attributed to the aromatic herbs and spices used. Nonetheless, these values were
comparable to those reported in previous works by other authors [35,36].

3.3. Sensory Evaluation of Gluten-Free Bread Prepared with Aromatic Herbs and Spices

The sensory profiles obtained through the affective hedonic scale test of the different
gluten-free bread prepared with the optimal formulation and including aromatic herbs
and spices are shown in Figure 3. As can be observed, all the sensory attributes evaluated
in the bread samples (appearance, odor, taste, and texture) received mean scores above 5.
Therefore, these results indicated that the panelists accepted all the bread formulations
prepared. In general, both appearance and odor were the sensory attributes best valued in
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the five types of gluten-free bread evaluated, of which B-BO and B-A bread were the best
rated for these attributes. Regarding the different bread formulations, appearance was best
rated in the B-CC and B-A bread, while odor was the attribute best valued in the B-TR and
B-BO bread. In the control (B-CS sample), both appearance and odor were the attributes
best rated. Nonetheless, it is worth noting that sensory scores for odor, taste, and texture
were higher in the bread formulations with aromatic herbs and spices (except bread B-TR)
than in the bread control. This suggests that the incorporation of aromatic herbs and spices
improves some of the sensory aspects of gluten-free bread, as predicted by the panelists.
On the other hand, the texture was the lowest sensory attribute valued in B-CS, B-TR, and
B-BO bread, whereas in B-CC and B-A, the taste was the attribute with the lowest score. It
is worth highlighting that all bread received similar ratings regarding the taste attribute,
except the B-BO, which significantly stood out, obtaining the highest score, while the B-TR
bread received the lowest score in the taste attribute. In fact, the B-BO bread obtained the
highest score in all the sensory attributes evaluated (except appearance). Accordingly, the
results obtained for the global assessment suggested that the B-BO bread was the one that
the panelists liked the most as a whole, followed by the B-CC and B-CS samples, which
received the same overall liking score, and then the B-A bread. For the latter, it should be
noted that most of the panelists indicated that, due to the anise, the product reminded them
more of a sponge cake than of bread since the odor and taste suggested sweet sensations.
On the other hand, the B-TR was the formulation that the panelists liked least.

Appearance Appearance Appearance
5.40
Odor Overall liking oo Odor Overall liking Odor
_"\
Taste Texture Taste Texture Taste
Appearance Appearance
d) e)

6.4

00 £oo

Overall liking Odor Overall liking Odor
Texture Taste Texture Taste

Figure 3. Sensory evaluation of gluten-free bread: (a) control, (b) thyme and rosemary, (c) basil
and oregano, (d) cumin and coriander, and (e) anise. Scale: dislike extremely (1), dislike very
much (2), dislike moderately (3), dislike slightly (4), neither like nor dislike (5), like slightly (6), like
moderately (7), like very much, (8) like extremely (9). Although it is a 1-to-9-point scale, the figure
only shows the scale adjusted to the range of 5.20-7.20 points due to the great similarity of the results
obtained among the different bread, so that the differences between the samples could be better
appreciated and discussed.

Likewise, the results obtained in the affective test of preference ordering agreed with
the ones obtained in the affective hedonic scale test. The preference order was as follows:
B-BO > B-CC > B-CS > B-A > B-TR. According to this ordering test, the bread that the
panelists liked the most was the B-BO, while the B-BR was the one the panelists liked the
least. These results were subjected to an ANOVA test (p > 0.05) to determine if there were
significant differences in the preference of the gluten-free bread prepared. The F statistic
value was 8.86, which was larger than the critical F value (2.38), so there were sample
averages significantly different from each other, and these differences could not reasonably
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be due to random chance alone. Therefore, the results were statistically significant, but the
test did not specify among which samples these significant differences occurred. Thus, a
post hoc Duncan multiple range test was conducted to determine significant differences
among samples. The results obtained indicated that the B-BO sample was significantly
preferred by consumers over the rest of the bread evaluated. However, no significant
preference differences were observed between the B-CC, B-CS, and B-A samples. It was
confirmed that the B-TR was the bread least preferred among the panelists, although no
significant differences were observed in terms of their preference compared to the B-A bread.
Overall, it can be concluded that the gluten-free bread formulated with the combination
of basil and oregano was the one that most sensibly pleased consumers. Therefore, the
incorporation of these aromatic herbs during breadmaking can be a useful approach to
developing more appealing gluten-free bread that are attractive to consumers. Moreover,
the addition of these aromatic herbs can contribute to the incorporation of phytochemicals
with antioxidant properties that provide health benefits to consumers, as reported in
previous works [22,40].

4. Conclusions

In this study, different gluten-free bread with good palatability and texture properties
were successfully prepared and evaluated. The experimental design carried out allowed
to obtain an optimal formulation to prepare a gluten-free bread based on maize and
buckwheat with good quality and nutritional value. Significantly better bread quality was
observed by using higher percentages of hydration, leading to higher specific volume,
greater springiness of the crumb, and lower crumb hardness in bread. The proximate
chemical composition of the gluten-free bread prepared was very similar, with only slight
differences among them that only could be attributed to the different aromatic herbs and
spices used in their formulation. In terms of dry matter, carbohydrates were the main
nutrient in the bread samples, followed by proteins, fats, and ashes. Regarding the sensory
evaluation, all the sensory attributes evaluated in the bread samples (appearance, odor,
taste, texture, and overall liking) received mean scores above 5, indicating that the panelists
accepted all the gluten-free bread prepared. The gluten-free bread formulated with a
combination of basil and oregano was the one that consumers significantly liked the most.
This combination (basil and oregano), along with that of cumin and coriander, received
higher sensory scores than those obtained in the control bread (without herbs and spices).
Thus, these results suggest that the incorporation of these aromatic herbs and spices as
bread ingredients can significantly change some sensory properties and contribute to
improving consumer acceptance of gluten-free bread by making them more appealing and
attractive to consumers.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/app14083348/s1, Figure S1: The force-time curve obtained from the TPA
test for control gluten-free bread; Figure S2: Presentation of the codified gluten-free bread samples
for sensory analysis; Table S1: Specific volume and textural parameters values obtained from the
experimental design; Table S2: Color parameters values obtained from the experimental design.
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