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Abstract: Gluten-free products present huge advantages for individuals with gluten intolerance or
celiac disease. The most influential strategy to develop a product comparable to wheat-containing
gluten products is to promote its nutritional and sensorial attributes. Recently, rice flour and teosinte
flour were used to develop gluten-free bread. As a result, this work aimed to compare the physi-
cal/technological attributes of bread made with rice flour and teosinte flour with corn fiber fortifi-
cation and examine consumer acceptance and purchase intent. An extreme vertices mixture design
decided that a teosinte flour (43.4%), high protein white rice flour (55%), and high protein brown
rice flour (1.6%) ratio of gluten-free flour mixture for bread was best based on the sensory attributes
utilized for the desirability function methodology. After optimizing the gluten-free flour mixture, the
bread was fortified with corn fiber under 1.7 g and 3.8 g per serving, and it was evaluated to examine
its physical/technological attributes, consumer perception, liking, emotions, and purchase intent.
Incorporating fiber into gluten-free bread impacted the color and texture, giving lighter and yellower
colors with a firmer texture. Likewise, concerning health benefit claims, gluten-free bread with fiber
claims only improves the purchase intent and overall liking of bread containing 1.7 g per serving of
fiber. The flavor attribute was the main driver for consumers’ purchase decisions. This product could
be beneficial for consumers who are seeking fiber in their diet.
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1. Introduction

Celiac disease (CD) is a well-known condition that impacts roughly 1% of the world’s
population [1]. As a result, diet and health concerns the development of gluten-free
products [2]. A gluten-free diet’s benefits include progressively improving the nutrient
content of gluten-free flours and supporting the absorption of nutrients [3]. Celiac disease
has no cure, and avoiding gluten is the only solution. Celiac disease consists of activating
T-cells in the intestine’s mucosa, which can cause stomachaches when consuming gluten [4].
Every year, the percentage of people on a gluten-free diet who seek quality in texture and
flavor like wheat bread increases [5]. Nevertheless, gluten-free bread is a challenge for
developers because it does not have a gluten network, which controls the bread’s physical
and sensory attributes [6]. The lack of gluten considerably reduces the retention of carbon
dioxide that the yeast generates, obtaining a gluten-free bread with low volume and a firm
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and rough texture [7]. Gluten is beneficial in bread making because it produces an elastic,
sticky, and stretchable dough that helps form structures and gas retention [8]. As a result,
different ingredients have been used in gluten-free bakery products, such as dairy products,
legume proteins, hydrocolloids, gum, prebiotics, starches, and many combinations [9].
Starch is commonly used in food to give visual and texture features. Gelling, texturizing,
thickening, adhesion, and moisture retention are some of these qualities [10]. Hydrocolloids
can improve the texture, starch retrogradation, moisture retention, and product quality.
Among bakery products, wheat bread (WB) is the most consumed staple food for many
people worldwide. WB contains gluten protein, including glutenin and gliadin, which
are responsible for the dough’s viscoelastic and water absorption properties and fixing
fermentation gas in the liquid phase through the fermentation process. Moreover, WB
is not rich in lysine, vitamins, and minerals. The higher glycemic index of wheat causes
problems for cardiovascular and diabetes patients [11,12]. The replacement of part of gluten
flour (WF) with gluten-free flour with a nutritional profile and corn fiber (CF) results in
an increase in the nutritional content of bread. As a result, the objective of this work was
to obtain gluten-free bread with different types of gluten flours, such as teosinte, brown
rice, and white rice, and add corn fiber to analyze and compare its physicochemical and
sensory attributes to develop a gluten-free bread that meets similar standards as gluten
bread, determining purchase intent and its acceptability through the application of a survey
and consumer study.

2. Material and Method
2.1. Experimental Design

The investigation consisted of two phases, where two sensory studies were carried
out. In the first sensory study, the bread was prepared, as illustrated in Table 1. The
objective of the first sensory study was to optimize the ratios of brown rice flour with a
high protein content, white rice with a high protein content, and teosinte flour. For the
optimization, Table 1 shows how the experimental design and bread production were
conducted based on a simplex centroid mixture design (CSMD). The independent variables
were the ratios of brown rice flour with high protein (Frontiére), white rice with high
protein (Cahokia), and teosinte flour, while the dependent variables included the sensory
attributes (overall liking, flavor, texture, aroma, and color) adjusted to the cubic model.
The optimization was performed utilizing the desirability function methodology (DOM).
The optimization considered the prioritization of sensory characteristics as follows: d (Y1
(Overall Liking), d (Y2 (Flavor), d (Y3 (Texture), d (Y4 (Aroma)), d (Y5 (Color)) where
Y = the score (hedonic scale) and d = the desirability. After optimization, the optimized
formulation was used considering the corn soluble fiber addition levels (0 g [Control], 1.7 g
[T1], and 3.8 g [T2]; Table 2). The objective of the second sensory study was to investigate
the physicochemical/technological, liking, emotions, and purchase of the optimized gluten-
free bread affected by corn fiber.

2.2. Preparing the Bread

Gluten-free breads were made with tesosinte flour, high-protein brown rice flour,
and white rice flour from the ‘Frontiere ‘variety provided by Cahokia Rice (Mc-Clure, IL,
USA). The control wheat flour bread (WF) was made with all-purpose and whole wheat
flour purchased at a local grocery store. Tapioca flour, xanthan gum, and corn fiber were
purchased when shopping at a local store. All other ingredients were obtained at a local
supermarket, including yeast, water, sugar, baking powder, salt, eggs, vegetable oil, apple
cider vinegar, and lactose-free milk. For gluten-free bread, high-protein brown rice flour
(BRF) and white rice flour (WRF) alongside each of the ingredients were weighed. The two
types of gluten-free bread had the same formulation except for the rice flour ingredient.
The proportion of ingredients was yeast (1.35 g), warm distilled water (49.38 g), sugar
(4.11 g), flour mixed with corn fiber (50 g) (Tables 1 and 2), tapioca flour (22.44 g), baking
powder (0.75 g), xanthan gum (1.20 g), salt (2.25 g), eggs (14.97 g), oil (2.25 g) and apple
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cider vinegar (0.45 g). Sugar was mixed with yeast and water and set aside to activate the
yeast until bubbly. In a bowl, vegetable oil, apple cider vinegar, and egg were first mixed by
hand and then whisked at speed 2 for 1 min. The dry ingredients were whisked in a mixer
(a kitchen aid) and stirred for 30 s at speed 2. Then, the previously prepared yeast and egg
blends were added to the dry ingredients. This mixture was then whisked, and the speed
was slowly increased to a high speed for 7 min until the ingredients were homogenized
to form the dough. Mini loaf pans (15.4 x 8.6 x 4.7 cm) were greased with vegetable oil
using a small rubber spatula; the dough with an approximate weight of 150 g was added
to each pan, making sure to level the top. The loaf pans were placed in a full-sized Metro
proofing cabinet (C599-SDS-U Intermetro Industries Corporation Wilkes-Barre, PA, USA)
set at 100 °F and 90% relative humidity for 35 min. After this time, the pans were carefully
placed in the center of the rack of a Baxter oven (model OV310 G) and baked for 20 min at
345 °F. Once the breads were cooked, they were removed from the oven and left in the pan
for 5 min at room temperature. Then, the bread was removed from the pan and cooled for
an hour.

Table 1. Experimental design for bread making with a simplex centroid design.

Treatments *TF *BRF *WRF
T 100% 0% 0%
T, 0% 100% 0%
T3 0% 0% 100%
Ty 50% 50% 0%
Ts 50% 0% 50%
Te 0% 50% 50%
T 33.337% 33.337% 33.337%

*BRF—high protein brown rice flour, *TF—teosinte flour, *WRF—high protein white rice.

Table 2. Preparation of gluten-free bread with corn fiber.

Treatments Amount of Fiber Claim
Control Og No fiber
*T1 17¢g Fiber
*T2 38g Good source of fiber **

*T1 = gluten free/clean label. *T2 = gluten free/fiber content. ** According to the US-FDA.

2.3. Physicochemical Characteristics of Bread Optimized Bread

The crust and crumb color of the bread samples were measured with a BC-10 Baking
Contrast Meter (Konica Minolta) calibrated using a white calibration tile. The analysis
was carried out on three slices of each batch (three loaves) taken from the center of each
slice and on the top in three areas. The experiments were performed in triplicates. In each
experiment, 3 breads were used for each analysis in 3 regions of the bread (right, center,
and left). The texture profile analysis of the crumb was carried out on three slices per loaf
taken from the center of each slice—triplicate samples of each treatment were made and
cut into three slices. The bread was left to cool for an hour and then cut. Each slice was
obtained by cutting the bread transversely with a bread knife and ruler to obtain 2.5 cm
thick slices. Texture profile analysis was performed using a TA.XTplusC Texture Analyser
equipped with a 50 kg load cell and a 20 cm diameter aluminum cylindrical probe was
used in conjunction with the exponent test method for the bread. Height was calibrated for
a load cell of 50 Kg. The test parameters were a probe speed of 1.7 mm/s and a time of 5 s
to compress the center of the bread crumb to 40% of its original height following the AACC
method 74-09-0.1 [13] for the firmness of the bread. TPA (texture profile analysis) was
obtained with the following parameters: pre-test speed 2 mm/s, test speed 1.7 mm/s, post-
test speed 5 mm/s, and a time of 5 s. The parameters included hardness. Loaf volume was
calculated in triplicates, according to the AACC method 10-05.0 [13]. The bread volume was
measured using a seed displacement that was allowed to cool for an hour before weighing.
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The bread loaves were placed in a container, and seeds were poured in until the container
was filled. The loaf volume was determined by the amount of seeds displaced by the loaf.
The loaf-specific volume (LSV) of bread was then calculated as Equation (1):

LSV = loaf volume (cm®)/Loaf weight (g) 1)

2.4. Consumer Study

The Honduran Association of Physicians-Nutritionists (ASOHMENU) approved the
sensory studies with form # AS-ASHOMENU-010-2023. In the first sensory study, 200
novice consumers were gathered. The 9-point hedonic sensory assessment was performed
at Universidad Nacional de Agricultura (Honduras); participants were students, faculty,
and staff. After 1 day of bread baking, indicators including the color, aroma, taste, texture,
and overall linking were evaluated. The sensory study (t =8,k =3, r =7, b = 25) was
conducted using a balanced incomplete block design (BIB). In the second sensory study,
120 untrained consumers participated in the consumer, including students, staff, and
professors. Each treatment had 120 loave replications. The loaves of bread were cut into
4 slices of 2.5 cm. The attributes evaluated were crumb color, texture, aroma, softness,
moistness, flavor, and overall acceptance. Each panelist evaluated the three samples. A
9-hedonic scale was performed to measure the sensory properties of the bread. Purchase
intent was evaluated using a yes/no binomial scale. The esSense (calm, happy, good,
healthy, pleased, satisfied, wellness, unsafe, and worried) and wellSense term (wellness)
terms were obtained from the review [14]. All emotional terms were evaluated using a
5-point hedonic scale [15] (1 = extremely dislike and 5 = extremely like).

Consumers were presented and introduced to the following beneficial information
(HBI) statement(s) in Table 2. Once more, consumers evaluated their overall liking, emotion
intensities, and purchases after obtaining HBI. For both sensory studies, each panelist
received half a slice of each sample, a cup of water, and an unsalted cracker. Panelists were
asked to evaluate each sample by visual and physical appearance, overall acceptance, and
purchase intent via an online Qualtrics survey. Random three-digit numbers were used
for coding.

2.5. Statistical Analysis

The DOM optimization, contour plots, and coefficients of the special cubic model
were performed in the Minitab 17 program (2014, Minitab LLC, State College, PA, USA)
using the centroid simplex design to check the sensory characteristics of bread. A one-way
analysis of variance (ANOVA) and Tukey’s test were used in optimized gluten-free bread to
compare fiber treatments with the control samples (bread with no fiber added) on the loaf
volume, color (L*, a*, b*), and firmness. The two-sided Cochran’s Q test and the Marascuilo
and McSweeney method were used to analyze purchase intent (PI) differences among the
formulations. McNemar tests were conducted to compare purchase intent (PI) before and
after the HBI was given to consumers. Logistic regression was used to predict the odds
of purchase intent based on hedonic responses, formulations, and emotions before and
after HBI. Data were examined using the Statistical Analysis Software (SAS) version 9.4
(Statistical Analysis System, Cary, NC, USA).

3. Results and Discussion
3.1. Optimization of Gluten-Free Bread with Sensory Properties

Figure 1 indicates the sensory attribute contour plot according to the 9-point hedonic
scale. The highest score of aromas, texture, color, liking, and flavor (Figure 1A-E, respec-
tively) was collected from WREF bread (T3), and the lowest score was recorded for TF (T1).
It seems that TF leads to a decrease in the final acceptability for bread, and WRF was the
most acceptable treatment (Figure 1). Sensory evaluation in gluten-free bread with 10%
freeze-dried rice sourdough had the highest score for taste, and with the addition of the
higher content of the rice sourdough texture, acceptability increased [16].
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Figure 1. Effects of ingredients (BRF—high protein brown rice flour, TF—teosinte flour, and WRF—
high protein white rice) on sensory properties. Contour plot of sensory attributes (A) aroma, (B) tex-
ture, (C) color, (D) liking, and (E) flavor with BRF, TF, and WRFE.

Table 3 indicates the significant differences in the sensory evaluation. T3 (7.04 £ 1.44)
and T2 (6.95 £ 1.28) had no significant differences with the control sample (regular wheat
bread) in the aroma. T7 had no meaningful difference with the control in flavor as well as
overall liking. The lowest score in all attributes belonged to T1. T3 (WRF) had the highest
score (7.16 £ 1.15) for color among the treatments.

Table 3. Sensory attributes from the CSMD formulations.

Treatment * Aroma Flavor Texture Color Liking
T1 617 £1.83¢ 6.01+117°¢ 626+129¢ 638+187°¢ 6.07+1.80¢
T2 695+1282 653+148P 654+142P 685+1333% 656+1.29P
T3 7.04+1442 68841092 7.01+1.082 716+1152 67441573
T4 6.77 £1.03P  659+124P 651 +190P 6.86+1392P 650+1.11P
T5 683+125 670+185° 694+1.022 683+155P 671+1.36
T6 6.65+ 161 678 +181° 697+1372 699+1.022> 663+191P
T7 657 £1.72P  6934+1552 659+1.10°> 680+177P 6.67+1.362
Control ** 718 +1952 7.014+2012 695+1.262 6.884+1.083% 684+1.052

Different letters in the same column indicate significant statistical differences (ax < 0.05) * Treatments are described
in Table 1 based on the proportions of high protein brown rice flour, teosinte flour, and high protein white rice.
** Control = bread made with wheat flour.

The evaluation of the sensory attributes is shown as a graphic illustration in Figure 2,
and the percentage of three sources (TF, BRF, WRF) were optimized for bread using a
desirable function, including 43 g/100 g TF, 1.5 g/100 g BRF, and 55 g/100 g WRF. These
amounts from each ingredient are close to T5, which was made from 50% TF and 50% WRF
with an overall liking of (6.71 & 1.36). The centroid simplex mixture design (CSM) combina-
tion with ANOVA determined the FD values, which predicted that bread with a 50%:50%
formulation from TF and WRF had the highest score in overall liking experience for con-
sumers. The TF addition resulted in lower overall linking scores. Nevertheless, when TF
was used at 43.4 g/100 g with HPBRF (1.6 g/100 g) and HPWREF (55 g/100 g), it predicted
similar overall liking scores to that of wheat flour bread (control) (6.74 vs. 6.84) with a FD
value of 0.88.
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Figure 2. Desirability optimization (DOM) graph based on sensory attributes. According to DOM,
the optimal formulation is 43 g/100 g TF, 1.5 g/100 g BRF, and 55 g/100 g WRF (BRF—high protein
brown rice flour, TF—teosinte flour, and WRF—high protein white rice).

3.2. Physico-Chemical of Optimized of Gluten-Free Bread with Fiber

Color is essential for baked products because it indicates texture and aroma. Color de-
pends on the dough’s physicochemical characterization from the interaction of ingredients
and baking conditions [17]. The color (on the top) of bread made with fiber was a lighter
yellow with lower L* and a* values and higher b* values when compared to the control
samples. Typically, a lower L* value indicates a darker crust, whereas a higher b* value
correlates to higher crust yellowness. On the other hand, the color at the center of bread
made with fiber did not differ from the control samples except for a* values, which were
lower. The lighter and yellower color of bread made from fiber could be attributable to
the impact of fiber on water distribution, which affects Maillard and caramelization reac-
tions [18]. In this case, for firmness and loaf volume, the results in Table 4 show significant
differences among the formulations. The firmness of bread made with fiber was slightly
greater, whereas the loaf volume was slightly lower compared to the control samples. In
most cases, it is known that the specific volume and moisture content of bread is inversely
proportional to the rate of crumb firming [19,20]. Even though the bread with fiber showed
a lower loaf volume and higher harness; however, the difference was minimal, and the
panelist could not identify the texture difference when the sensory analysis was conducted.

3.3. Sensory Properties and Emotions of Optimized Gluten-Free Bread with Fiber

One of the biggest struggles in the development of gluten-free products is to provide
good sensory attributes, especially texture [20]. Table 5 illustrates the consumer liking
scores of bread with fiber, which were significantly lower (p < 0.05) than the control bread
samples. However, sensory characteristics stood as satisfactory, with likeness scores greater
than 5.0. Liking scores for the gluten-free product greater than 6.0 could be considered
acceptable [21,22]. Compared to the control samples, the lower color-liking scores for bread
with fiber could be due to the lighter yellow color (higher L* and b*). Mahmoud et al.
(2013) [23] found similar results where it was concluded that the visual bread characteristics
of gluten-free bread affected overall liking [24]. Table 5 shows that purchase intent increased
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only in bread with a fiber content of 1.7 g per serving after the health benefits were given to
the customers. Similarly, liking scores increased in bread with a fiber content of 1.7 g per
serving when HBI was given. These results are substantiated by Wardy et al. (2018) [25],
who showed that HBI increased the purchase intent with HBI. Petrun et al. (2015) [26]
and De Magistris (2020) [27] concluded that customers are willing to pay for health claims
rather than nutrition claims.

Table 4. Color and texture properties * of gluten-free (GF) bread made with different corn fiber.

Color Control T1 T2
At the top
L 59.34 4+ 1.45P 65.80 +2.342 67.56 +1.822
a* 15.56 = 1.032 9.88 +1.39b 793 £204°€
b* 2227 +1.11P 25.59 +2.022 27.09 +2.332
At the center
L 69.73 +=1.492 70.44 +2.282 68.45+1.492
a* 1.55 4+ 0.89 2 2.61+1.65P 2.9540.88°
b* 17.34 £1.382 19.32 1562 1845 +1.532
Texture profiles
Hardness (N) 2740 +=2.032 3443 +1.82° 4243 +£2.01°¢
Loaf volume (cm?) 204.23 £5.232 183.34 + 8.12P 177.26 +=7.09 €

* Mean £ SD from three independent replications for color and ten replications for hardness and loaf volume.
Mean values in the same row followed by different letters are significantly different (p < 0.05). T1 and T2 are
described in Table 2.

Table 5. Mean consumer acceptability scores, overall liking (OL) and purchase intent (PI) A for
gluten-free bread.

Attribute Control T1 T2
Color 6.62 +1.182 6.02 +1.09" 6.04 +£1.32"b
Odor 6.81 +1.472 6.04 +1.28"P 598 +1.20b
Flavor 725+1392 599 +1.29b 584 +1.04P

Softness 623+1.072 534+ 142b 5.56 + 1.38 b

Moistness 620+ 1.192 533 +1.19b 555+ 1.29b

Stickiness 6.11 +1.44% 550 + 1.18b 562+ 1.15b

OL (Before) 6.67 £1.192 5.65+1.152 542 +1.22b

OL (After) 6.78 +£1.232 5.95+132a% 555+ 1.28"b

PI (%) *
Before 65.23 A 4274 B 37.34 B
After 70.01 2 47.67b* 39.55b

AB Mean + SD values of liking scores from N = 120 consumers rated on a 9-point hedonic scale. Mean values in
the same row followed by different lower letters are significantly different (p < 0.05). PI was based on the yes/no
scale. * There are no significant differences at 5%.

The effect of bread with fiber and HBI on panelist emotional terms is illustrated in
Table 5. Positive emotion scores such as good, happy, pleased, and satisfied and wellness
terms decreased after giving health claims. These results indicate that the possible effects of
the bread made with claims were compromised due to their less desirable sensory quality
(Table 6). Wardy et al. (2018) [25] found that HBI did not affect emotions like unsafe and
worried, and emotions could be affected by the product’s liking.

3.4. Purchase Intent Optimized of Gluten-Free Bread with Fiber

Based on the LRA results, purchase intent before (PIB) was meaningful based on
moistness and flavor (Table 7). Other studies show that consumers also sensed taste as an
essential attribute for purchase intent [22]. After HBI, the emotions “healthy” and “guilty”
became meaningful predictors. Hartmann et al. (2018) [28] noted a willingness to spend
additionally “free-from” products among those who examined the statement and had a
more decisive choice for natural products. Furthermore, Carabante et al. (2018) [29] and
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Asioli et al. (2017) [30] concluded that the acceptability of the product was improved when
customers received health benefit information (HBI). Studies have shown that health con-
sciousness can influence purchase intent [31], and products with less health consciousness
can be driven predominantly by flavor or other sensory-related characteristics [32]. For
this reason, it is recommended that consumers understand the health benefit information
to evade misconceptions. A prior study illustrates a cognitive relationship between guilt
and pleasure; consequently, pleasure-related cognitions can be stimulated when the guilt
emotion is triggered [33]. This study corroborates that the consumer perception of healthy
products is critical to improving acceptance or purchase intent, and it is recommended to
fortify gluten-free bread with new food sources and good nutritional profiles.

Table 6. Mean consumer emotion scores # of gluten-free (GF) bread made with corn fiber.

Emotion * Control T1 T2
Calm 2.78 £1.092 242 +1.32b 245+ 1.23b
Good 3.03+1.232 254 +1.19b 2.60 £1.09P

Happy 3.13£0.972 2.60 +1.34° 252 +1.18"
Healthy 2.94 4+ 1.132 2.89 4+ 1.022 2.50 £1.22°
Pleased 335+1.252 2.64 +1.28b 225+ 1.18¢
Satisfied 336+ 1012 269 +1.05P 233+115¢
Unsafe 14340892 1.33+0.942 1.27 40872
Wellness 285+1.212 2.59 + 1.01 2 252 +1.02b
Worried 1.29 + 0.96 2 1.28 +0.952 1.20 + 0.942

A Mean = SD from 120 consumer responses based on a 5-point scale. Mean values in the same row followed by
different letters are significantly different (p < 0.05). T1 and T2 are described in Table 2. * Emotion scores were
obtained after consumers were given the HBI related to fiber.

Table 7. Combined odds ratio estimates for predicting the purchase intent of gluten-free (GF) bread
with fiber after providing health benefit information (HBI).

Purchase Intent Purchase Intent

Before After
Variables Odds Types3 Odds Type3
Ratio LRT Ratio LRT
Color 0.917 0.687 - -
Odor 1.026 0.483 - -
Flavor 1.381 0.015* - -
Aifrri‘]s;rés Softness 1.156 0.105 - -
Moistness 1.250 0.047 * - —
Calm - - 0.818 0.886
Good - - 1.954 0.263
Happy - - 1.746 0.413
Healthy - - 2.145 0.076 *
Emotions Pleasant - - 0.835 0.818
Pleased - - 0.474 0.470
Satisfied - - 2.221 0.198
Unsafe - - 0.323 0.268
Wellness - - 0.991 0.868
Guilty - - 0.105 0.071*

An analysis of maximum likelihood estimates was used to obtain parameter estimates. * The significance of
parameter estimates was based on the Wald chi-square value at p < 0.05.

4. Conclusions

Acceptance among consumers was evaluated in the development of gluten-free bread.
After adding fiber, the instrumental color and texture of the gluten-free/natural bread were
significantly influenced by lighter and yellower colors and firmer textures. Furthermore,
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regarding health benefit claims, gluten-free bread with fiber claims only improves the
purchase intent in bread containing 1.7 g per serving of fiber. However, positive emotion
scores were not improved after the health claims of bread made with fiber were given. Based
on the logistic regression analysis (LRA), taste is one of the main drivers for consumers’
purchase decisions. Because this new product is accepted by consumers according to
sensory analysis and presents good nutritional characteristics, further progress can be
made in marketing it as a new bioproduct with high nutritional importance in the gluten-
intolerant population.
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