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Abstract: Citrus fiber has a high water absorption capacity, and its properties can be modified by
shearing. In this study, the influence of the addition of normal or shear-activated citrus fiber was
analyzed in two gluten-free bread formulations. Citrus fiber increases bread optimal hydration and
breadcrumb alveolus size due to this high water retention capacity. However, results are negative
in the formula based on starches and rice flour because specific volume is significantly reduced,
while bread quality improves in the formula based on starches (corn and tapioca). In this case, the
breads become less hard and more cohesive, elastic, and resilient, reducing staling. Baking yield
also increased due to a greater hydration and a reduced weight loss during baking, without losing
acceptability. The mechanical pre-activation of the fiber further increases optimal hydration, without
major changes in the quality of the final bread. These effects are associated with cell rupture, and
thus the formation of a three-dimensional network, including the increase of surface area and its
interaction with water. Citrus fiber increases the hydration of the dough, as well as the cohesiveness,
resilience, and elasticity of the crumb, reducing the increase in hardness during storage without
affecting acceptability or increasing it.
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1. Introduction

Bread is an essential food item for a large part of the world’s population. It is usually
made with wheat flour, as the proteins present in this cereal have the unique ability to form,
when hydrated and mechanically worked (kneading), a network (gluten network) that
gives doughs extensibility and the ability to retain the air formed during fermentation [1].
However, some people cannot eat wheat-based or gluten-containing products due to
intolerance, a wheat allergy, or coeliac disease [2].

To make gluten-free breads, starches, and flours from cereals, pseudo-cereals and other
gluten-free grains are used; in these kinds of bread, starch plays an essential role [3]. The
use of “gluten substitutes” is common in these preparations. Among these, hydroxypropyl
methylcellulose (HPMC) gives rise to the best results in terms of bread volume [4]. However,
products with HPMC have an excessively dry texture, which is harder than that of breads
with a similar volume obtained with other hydrocolloids [5]. To compensate for this defect,
it is common to mix HPMC with other hydrocolloids with greater water absorption capacity,
such as psyllium, xanthan gum, or guar gum [6]. However, in the case of adding this type
of hydrocolloids, it is necessary to modify dough hydration [7].

In gluten-free breads elaboration, the correct hydration of the dough is essential,
since the greater the hydration—and therefore the less viscous the dough—the greater the
expansion of the pieces, until they reach an excessive hydration that makes the dough fall
during fermentation or baking [8,9]. Unlike wheat flour breads, in gluten-free breads there
is no universally accepted equipment to analyze the hydration of the dough and modify
it based on changes in the recipe, such as the farinograph. That is why it is interesting to
know how breads change depending on the hydration of the doughs.

Citrus fiber (CF)—a product of the circular economy [10] mainly composed of cellulose
and pectins—is obtained from the waste of the citrus processing industry, mainly from the
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peel. This type of fiber, as well as some gums used in the production of gluten-free bread,
has a high water absorption capacity [11,12]. It also brings interesting emulsifying proper-
ties [13]. Citrus fiber reincorporation has been studied mainly in meat products [14], but in
baked products it is only limited to studies carried out by Miller [15] and Spina et al. [16]
on wheat breads. In the case of gluten-free breads, Ozturk and Mert [17] compared CF
functionality with that of xanthan gum, but their results showed that it did not optimize
dough hydration. Korus et al. [18] proposed up to 20% CF incorporation to replace starches,
in formulas that included other hydrocolloids such as pectin and guar gum that produced
good results in texture and shelf life. In this case, they did optimize hydration, based on a
dough texture test.

Some fibers from plant residues change their properties when subjected to shear
forces, such as the passage through a high-pressure homogenizer, some types of mills,
or ultraturrax [19,20]. In the case of citrus fiber, changes in its properties have also been
observed after high-pressure homogenization, and/or ball mill [21,22]. These treatments in
general lead to an increase in fiber hydration properties, which could also affect the optimal
hydration of the gluten-free bread doughs containing them.

This paper analyses how the addition of citrus fiber (6%), without or after shear forces
activation, modifies the properties of gluten-free starch and flour mixtures (hydration,
gel, and pasting properties). Then, the possibility of incorporating CF (with or without
modification) into the elaboration of gluten-free breads is studied. To this end, two basic
formulas were used: a mixture of maize starches and tapioca (Control 1), and another
based on these starches and rice flour (Control 2), to which citrus fiber was added both
without prior activation (CF) and after mechanical activation (ACF). The influence of
dough hydration on specific volume and the influence of fiber on weight loss, texture, and
acceptability of the final product was analyzed.

2. Materials and Methods
2.1. Materials

Gluten-free breads were made with rice flour (Fraga S.A., Medina del Campo, Spain),
an average particle size of 136 microns, maize starch (Tereos, Syral Iberia SAU, Zaragoza,
Spain), and cassava starch (Yoki Alimentos SA, Paraná, Brazil). The rest of the ingredients
used were refined sunflower oil (Langosta SA, Daimiel, Spain), sugar (Acor, Valladolid,
Spain), instant dry baker’s yeast (Dosu Maya Mayacilik A.S, Istambul, Turkey), hydrox-
ypropyl methylcellulose K4M (Rettenmaier Ibérica, Barcelona, Spain), Citrus Fiber Vita-
cel CF 312 (Rettenmaier Iberica, Barcelona, Spain), salt (Esco European Salt Company,
Niedersachsen, Germany), and water from the local water supply.

To activate the citrus fiber, it was mixed with the water used for measurements
and elaborations, and sheared in an ultraturrax (IKADispersor ultra-turrax T 10 Basic) at
2000 rpm for 1 min.

2.2. Methods
2.2.1. Flour Characteristics (Hydration, Gel, and Pasting Properties)

Water-binding capacity (WBC) was determined using the AACC method 56-30.01 [23]
with modifications, since samples with CF absorbed all the water after centrifugation. One
point five grams (±0.1 g) of blends (rice flour, starches, and CF in the proportions shown
in Table 1) were mixed with 25 mL of distilled water in centrifuge tubes. After vortex
homogenization (MS2 Minishaker, IKA, Staufen, Alemania), the mixture was centrifuged at
2000× g for 15 min and the supernatant was removed. WBC was calculated as the amount
of water retained per gram of dry sample.
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Table 1. Formulation (in grams) of bread samples prior to the determination of their optimum
moisture content.

Ingredients Control 1 CF 1 ACF 1 Control 2 CF 2 ACF 2

Water x x x x x x
Rice flour - - - 160 160 160
Maize starch 320 320 320 160 160 160
Cassava starch 80 80 80 80 80 80
Sunflower oil 24 24 24 24 24 24
White sugar 20 20 20 20 20 20
Yeast 12 12 12 12 12 12
Salt 8 8 8 8 8 8
HPMC 8 8 8 8 8 8
CF - 24 - - 24 -
ACF - - 24 - - 24

HPMC: Hydroxypropyl Methyl Cellulose; CF: Citrus Fiber; ACF: Active Citrus Fiber.

The viscosity profile of the different samples was analyzed using a Rapid Visco
Analyser (model RVA-4C, Newport Scientific Pty. Ltd., Warriewood, Australia), following
the AACC method 76-21.02 [24].

Gels obtained from RVA analyses were kept under refrigeration at 4 ◦C for 24 h. Before
texture assay, gels were tempered for 20 min at room temperature. Gel hardness was
measured by a texturometer (model TA.XT2i Texture Analyzer, from Stable Micro Systems
Ltd., Surrey, UK), which sets a compression cycle. The texturometer was equipped with a
5 kg load and a 50 mm diameter cylindrical probe, and calibrated with a return distance of
50 mm, return velocity of 20 mm/s, and 5 g contact force. A force–time curve was obtained,
and the Positive Peak Force (N) data were selected [25].

All the samples were measured by triplicate.

2.2.2. Bread Elaboration

Bread formulations, based on the work of Sigüenza-Andrés et al. [26], are shown
in Table 1. All ingredients, except dry yeast and tap water, were mixed at speed 1 for
1 min using a KitchenAid Professional mixer (Kitchen Aid, St. Joseph, MI, USA) with
a dough hook (K45DH). The yeast was mixed previously with water for its rehydra-
tion; it was mixed with the rest of the ingredients at speed 2 for 8 min. One hundred-
and fifty-gram portions of bread dough were placed into oil-coated aluminum pans
(159 × 109 × 39 mm) and fermented at 30 ◦C and 90% RH for 60 min. Doughs were
baked at 190 ◦C in an oven (Salva, Lezo, Spain) for 40 min after fermentation. The alu-
minum pans were removed; the bread was left for 60 min so that it could reach room
temperature, and was then placed in polyethylene bags. To calculate the optimal hydration,
breads with increasing hydration were elaborated (increasing by 10% in each preparation),
and the specific volume was analyzed after 24 h. An increase in the specific volume was
observed as hydration increased until it caused the fall of the dough during fermentation or
baking. Optimum hydration was considered that which generated breads with the highest
specific volume. The curves obtained can be seen in Figure 1.

Breads elaborated with optimal hydration were stored at 22 ◦C for 7 days. They were
analyzed 24 h and 7 days after elaboration. All the bread elaborations were performed twice.
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Figure 1. Hydration versus specific volume of gluten-free breads. Control 1 (a); Control 2 (b); CF 1 
(c); CF 2 (d); ACF 1 (e); ACF 2 (f). Black dots indicate selected optimal hydration. CF: Citrus Fiber; 
ACF: Active Citrus Fiber. 1: Starch-based formula; 2: Flour and starch-based formula. 
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Water x x x x x x 

Figure 1. Hydration versus specific volume of gluten-free breads. Control 1 (a); Control 2 (b); CF 1 (c);
CF 2 (d); ACF 1 (e); ACF 2 (f). Black dots indicate selected optimal hydration. CF: Citrus Fiber; ACF:
Active Citrus Fiber. 1: Starch-based formula; 2: Flour and starch-based formula.

2.2.3. Evaluation of Dough Rheology

The rheological behavior of bread doughs with optimal hydration without yeast was
studied after a 2-min rest using a controlled strain rheometer Thermo Scientific Haake
RheoStress (Thermo Fisher Scientific, Schwerte, Germany). The constant temperature
(25 ◦C) was controlled by a Phoenix II P1-C25P water bath (Thermo Fisher Scientific,
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Schwerte, Germany), with 60 mm diameter rough-surfaced titanium plates placed in
parallel (PP60Ti). First, a strain sweep test was performed with a strain range of 0.1 to
100 Pa and a constant frequency of 1 Hz, to identify the linear viscoelastic region. With
the strain sweep, the linear viscoelastic region was determined, and a stress value (т) was
identified where G′ and G′′ remained constant (slope 0). These data were used in the
frequency sweep, from which the values of elastic modulus (G′ [Pa]), viscous modulus (G′′

[Pa]), and tan δ were obtained based on frequency values (ω [Hz]). Values of G′ and G′′ at
1 Hz were selected. Each dough was analyzed in duplicate.

2.2.4. Bread Characteristics

Bread characteristics were evaluated 24 h after baking, except for weight loss (after
1 h) and texture parameters (after 24 h and 7 days).

The weight loss of bread during baking was determined in five pieces of each bread
batch. This parameter was calculated using the following formula:

Weight loss =
dough weight− bread weight after baking

dough weight
× 100

Bread volume was measured in the same five pieces of bread of each elaboration using
a Volscan Profiler volume analyzer (Stable Microsystems, Surrey, UK). Specific volume was
calculated dividing bread volume by bread weight, and then it was expressed as cm3/g.

Crumb texture was determined by a Texture Profile Analysis (TPA) test using a TA-XT2
texture analyzer (Stable Microsystems, Surrey, UK) with a 25-mm diameter cylindrical
aluminum probe. Fifty percent of depth, a trigger force of 5 g, 15 mm compression, a test
speed of 1 mm/s, and a 10 s delay between the first and the second compression were
the experimental conditions. Two central slices (30 mm thick) from two pieces of each
bread elaboration were analyzed. Hardness (N), springiness, resilience and cohesiveness
were calculated [27]. The increase in hardness was calculated as the difference between the
hardness on day 7 and at 24 h expressed as a percentage.

An HP Scanjet G3110 scanner (HP, Palo Alto, CA, USA) was used to obtain the
slice images.

2.2.5. Consumer Test

A hedonic sensory evaluation of the breads was conducted with 80 volunteers from
the College of Agricultural Engineering in Palencia (Spain), between 18 and 66 years old,
of various socioeconomic backgrounds. Samples were analyzed one day after baking.
For odor, texture, and taste evaluation, samples were presented in slices (30 mm thick
slice) coded with four-digit random numbers and served in a random order. For visual
appearance evaluation, a full bread of each ample was shown to the volunteers. Finally,
the overall appreciation was evaluated. In the nine-point hedonic scale, the values ranged
from “like extremely” to “dislike extremely”, punctuated from “9” to “1”, respectively.

2.2.6. Statistical Analysis

The results were evaluated by simple ANOVA (one-way analysis of variance) us-
ing Statgraphics Centurion XVII software (StatPoint Technologies, Warrenton, VA, USA).
Fisher’s least significant difference (LSD) test was used to differentiate means at a 95%
significance level (p < 0.05).

3. Results and Discussion
3.1. Starches and Flour Properties

As Table 2 shows, for both starch blends and starch and rice flour blends, the citrus
fiber incorporation increases water-binding capacity (WBC) values. This is because the
water absorption capacities of citrus fibers are higher [28] than those of starches and rice
flours. Furthermore, the activation of citrus fiber by mechanical pretreatment increases
these values even more. This increase in WBC with fiber activation has been attributed, in
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other vegetable fibers, to a breakdown of the cells and the cell walls, which leads to the
generation of a three-dimensional network [29], as well as to an increase in its surface area
and its interaction with water [30]. In the case of citrus fiber, this increment in WBC agrees
with results observed by Schalow et al. [28] with a passage through ultraturrax—a similar
treatment to that used in this study—by Su et al. [22] after high pressure homogenization,
and by Jiang et al. [21] after passage through a ball mill. In all cases, the fibers were
subjected to stress and particle breakage. Finally, it should be noted that this increase is
greater in the case of the rice flour mixture than in the case of the starch mixture, which
seems to indicate a greater interaction between the citrus fiber and the rice flour particles,
which are more irregular in shape than the starches, although larger in size.

Table 2. Properties of flour/starches/fiber mixtures.

WBC
(Water g/Solid g) Gel Hardness (N) G′ (Pa) G′′ (Pa) tanδ

Control 1 0.85 ± 0.01 a 21.58 ± 0.53 c 44.90 ± 5.01 a 81.29 ± 7.12 a 1.88 ± 0.01 c
CF 1 1.54 ± 0.03 b 14.97 ± 2.51 b 227.50 ±1.56 b 253.15 ± 2.05 b 1.16 ± 0.01 b
ACF 1 2.87 ± 0.28 d 11.97 ± 0.45 ab 56.39 ± 1.30 a 103.60 ± 2.26 a 1.97 ± 0.10 c
Control 2 1.01 ± 0.03 a 8.60 ± 3.11 a 181.25 ± 4.38 b 203.68 ± 8.17 b 1.25 ± 0.06 b
CF 2 2.15 ± 0.09 c 9.38 ± 3.19 a 323.40 ± 88.53 c 350.55 ± 61.87 c 1.15 ± 0.11 b
ACF 2 4.44 ± 0.28 e 7.92 ± 0.35 a 793.10 ± 15.27 d 603.70 ± 11.31 d 0.78 ± 0.01 a

WBC: Water-Binding Capacity; CF: Citrus Fiber; ACF: Active Citrus Fiber. 1: Starch-based formula; 2: Flour and
starch-based formula. Data are expressed as mean ± Standard Deviation of duplicate trials. Values with the same
letter do not show significant differences (p < 0.05).

RVA curves (Figure 2) show that the flour blend has lower viscosity values through-
out the curve and reaches the peak viscosity later than the non-flour blends. Sigüenza-
Andrés et al. [26] already observed that rice flour presented these differences compared to
corn starches and, especially, to tapioca starches. The incorporation of citric fiber increases
peak viscosity and, generally, the viscosity from this point on. It is known that citrus fiber
is composed mostly of cellulose and pectin, with smaller amounts of lignin and hemicel-
luloses [9]. Thus, the increase in the pasting properties of the blends may be due to the
presence of pectins—soluble fibers with high thickening capacity—as already proved by
Ma et al. [31], and celluloses, as shown by Díaz-Calderón et al. [32]. This increase is greater
when citrus fiber is activated, as in the case of WBC. In the case of mixtures with flour, the
effect of citrus fiber is also clearer, as in WBC. Therefore, both effects may be related to its
higher water absorption capacity and thickening power.

Solid black line: Temperature; Solid grey line: Control; Dashed line: Mixture with
citrus fiber; Dotted line: Mixture with activated citrus fiber.

As for gel hardness, the flourless mixture showed much higher values than the flour
mixture (Table 2). These are logical values since the fraction that gelatinizes and then
retrogrades the starch, which is higher in the mixtures without rice flour, compared to those
with pure starch. In addition, Bravo-Nuñez et al. [25] already observed that rice proteins
interfered with the rearrangement of amylose chains, reducing the strength of the gels.
Citrus fiber reduces the hardness of the mixes without flour and does not modify that of
the mixes with flour, regardless of whether it is activated or not. In this case, it is logical
that the reduction of the total amount of starch by incorporating another ingredient in the
mixture with less gelling capacity causes a reduction in the hardness of the gel, since starch
is the main responsible for this gelling. Although it is true that some pectins of high and
medium esterification can increase the hardness of starch gels, those of low esterification
do not [33]. The strength of citrus fiber gels has been shown to be much lower than that of
pectins [28].
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3.2. Gluten-Free Bread Characteristics

To calculate the optimum hydration of each formulation, breads were made with
increasing hydrations, starting from 90%. However, in the case of breads with CF, it was
necessary to increase this minimum in order to form a manageable dough. The curves
obtained can be seen in Figure 1. Previous works confirm that the specific volume of breads
increases as hydration does until it reaches an optimum specific volume, followed by a
collapse of the dough occurs because it cannot support the structure, and thus volume loss
ensues [7,8,25]. This is confirmed in our case viewing the curves. Unlike wheat breads, for
which equipment such as the farinograph is often used to calculate optimal hydration, in
gluten-free breads there is no evidence that a single rheology guarantees an optimum. In
fact, in previous works, changing the formulation modifies the optimal rheology of the
doughs to achieve the highest specific volume [8].

The optimal hydration of control gluten-free bread formulations (Table 3) is the same
for both mixtures (100%), with no differences in the specific volume between them. In both
cases, the optimal hydration is clearly increased by incorporating citrus fiber. This result
agrees with that observed by Korus et al. [18], who calculated the optimum hydration with
a dough texture test. It also coincides with other works that analyze the incorporation
of fibers with high water absorption capacity, such as psyllium [34,35]. In the case of the
mixture with rice flour, the incorporation of CF, or ACF, greatly reduces the specific volume
of the breads and, although the optimum is set at 160, there is an important interval where
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no significant differences are observed between the specific volumes of the breads. A very
open and irregular porosity was also observed, especially in the case of inactivated citrus
fiber (Figure 3). In this case, it was seen that after a certain hydration, the gas produced
escaped from the dough, but this did not lose volume or, at least, not as abruptly as in the
control. In the case of activating the fiber, the optimum hydration and the final specific
volume were similar and, although an irregular crumb alveolus and horizontally elongated
cells were observed, possibly indicating coalescence phenomena, this alveolus was more
closed than that of the inactivated fiber. Although the emulsifying properties of citrus fiber
in water/oil mixtures have been demonstrated [12], it seems that in the case of gluten-
free breads, which are similar to a foam and are formed by air bubbles surrounded by a
whipped dough, citrus fiber breaks this alveolar structure, promoting the coalescence of the
bubbles and gas loss. This effect is enhanced when the viscosity of the mass surrounding
the bubbles is lower [13], and therefore, hydration increases. Even when the higher values
of G′ and G′ ′ (Table 2) of the ACF mixtures seem to minimize this problem, the volume loss
remains unsolved. An increase of these values and a decrease of Tan delta of the doughs
was observed with the addition of CF, especially ACF, when the optimum hydration was
reached. However, as shown in Figure 1, it is possible to increase hydration, and therefore
reduce G′ and G′ ′ values, without a large volume loss, in contrast to other formulations.

Table 3. Specific volume and weight loss of gluten-free breads with or without CF.

Optimal Hydration (%) Specific Volume (cm3/g) Weight Loss (%)

Control 1 100 6.15 ± 0.44 c 26.38 ± 1.94 bc
CF 1 140 4.65 ± 0.13 b 23.48 ± 2.44 ab
ACF 1 180 3.72 ± 0.14 a 20.69 ± 1.32 a
Control 2 100 6.01 ± 0.23 c 28.40 ± 2.34 c
CF 2 160 3.51 ± 0.01 a 26.82 ± 0.32 bc
ACF 2 160 3.22 ± 0.15 a 26.76 ± 0.59 bc

CF: Citrus Fiber; ACF: Active Citrus Fiber, 1: Starch-based formula; 2: Flour and starch-based formula. Data are
expressed as mean ± Standard Deviation of duplicate trials. Values with the same letter do not show significant
differences (p < 0.05).

Data are expressed as mean ± Standard Deviation of duplicate trials. Values with the
same letter do not show significant differences (p < 0.05).

In a mixture consisting exclusively of starches, mostly corn starch, with smaller particle
size, and thus with a greater capacity to stabilize foams and generate products with a more
closed alveolus, partly thanks to the Pickering effect [3], the effect of CF is much lower.
The more open alveolus noticed in breads with CF confirms the negative effect on the
stabilization of the foams created by CF. However, this does not become “dangerous”,
and the structure does not collapse until a certain hydration is reached. At this point,
the viscosity of the dough surrounding the bubbles decreases and stops supporting the
weight of the structure. A significant specific volume drop is seen with optimal hydration
when incorporating CF and, to a greater extent, ACF. This agrees with Korus et al. [18],
who also used a formulation with corn starch and a tuber (in their case potato) and also
observed a similar effect on the alveolus. However, in their work, the specific volume of
the breads is much smaller than in ours. This ratifies the importance of the formulation,
since in their work, HPMC was not used; instead, a mixture of gums (pectins and guar)
as gluten substitutes were used. In fact, HPMC has a very different effect on gluten-free
breads compared to gums, greatly improving the volume of the breads [5], but being
more sensitive to differences in hydration. As in the rice flour mixture, an increase in
optimal hydration is observed; this is so because, in the case of ACF, it has higher WBC
and thickening power, and thus requires higher hydration to equalize the rheology of the
doughs. A good shape is also observed, with a higher central part, which denotes that
there has been no fall there, and although the alveolus is somewhat coarser than that of
the non-fiber mixture, it is rounded, as in the control. In starch mixtures, unlike rice flour
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mixtures, the rheology of the doughs with optimum hydration is similar in all of them,
while higher values of G′ and G′ ′ are only observed in the case of CF.

Foods 2023, 12, x FOR PEER REVIEW 9 of 13 
 

 

CF: Citrus Fiber; ACF: Active Citrus Fiber, 1: Starch-based formula; 2: Flour and starch-based for-
mula. Data are expressed as mean ± Standard Deviation of duplicate trials. Values with the same 
letter do not show significant differences (p < 0.05). 

 
Figure 3. Images of gluten free breads. Control 1 (a); Control 2 (b); CF 1 (c); CF 2 (d); ACF 1 (e); 
ACF 2 (f). 

Data are expressed as mean ± Standard Deviation of duplicate trials. Values with the 
same letter do not show significant differences (p < 0.05). 

In a mixture consisting exclusively of starches, mostly corn starch, with smaller par-
ticle size, and thus with a greater capacity to stabilize foams and generate products with 
a more closed alveolus, partly thanks to the Pickering effect [3], the effect of CF is much 
lower. The more open alveolus noticed in breads with CF confirms the negative effect on 
the stabilization of the foams created by CF. However, this does not become “dangerous”, 
and the structure does not collapse until a certain hydration is reached. At this point, the 
viscosity of the dough surrounding the bubbles decreases and stops supporting the 
weight of the structure. A significant specific volume drop is seen with optimal hydration 
when incorporating CF and, to a greater extent, ACF. This agrees with Korus et al. [18], 
who also used a formulation with corn starch and a tuber (in their case potato) and also 
observed a similar effect on the alveolus. However, in their work, the specific volume of 
the breads is much smaller than in ours. This ratifies the importance of the formulation, 
since in their work, HPMC was not used; instead, a mixture of gums (pectins and guar) 
as gluten substitutes were used. In fact, HPMC has a very different effect on gluten-free 
breads compared to gums, greatly improving the volume of the breads [5], but being more 
sensitive to differences in hydration. As in the rice flour mixture, an increase in optimal 
hydration is observed; this is so because, in the case of ACF, it has higher WBC and thick-
ening power, and thus requires higher hydration to equalize the rheology of the doughs. 

Figure 3. Images of gluten free breads. Control 1 (a); Control 2 (b); CF 1 (c); CF 2 (d); ACF 1 (e);
ACF 2 (f).

Another important point to highlight is that, when CF is incorporated, the amount
of water in the formulas increases, and yet no greater loss of moisture is observed during
baking; in the case of mixture with starches, it is even reduced with ACF. This is due to
the high water absorption capacity of the fibers already discussed, which seems to be
preserved after baking. Belorio and Gómez [5] reported a lower weight loss in breads made
with hydrocolloids, with high water absorption capacity, versus those made only with
HPMC, with lower water absorption capacity. However, the lower moisture loss may also
be due to the smaller volume of the breads, and thus their lower surface and exchange
area [7]. Therefore, breads with CF and ACF, with much higher hydrations, will exhibit
higher moisture, and thus juiciness. This is important because one of the typical problems
of gluten-free breads is their drier texture [6,36], something that CF and ACF may solve,
at least in part. However, this higher moisture may also reduce bread shelf life due to
microbiological problems brought about by the higher water activity of the breads, an
aspect that needs to be studied.

Regarding the crumb texture of the breads (Table 4), it can be seen that the addition of
CF or ACF increased hardness on breads made with starch and flour mixtures. This effect
may be due to the lower specific volume of breads with fiber, something that is in keeping
with results observed in various studies [7,26,37]. However, in the case of starch mixtures,
despite the lower specific volume of breads with fiber, no significant differences in hardness
were observed. In these cases, it seems that the negative effect of the specific volume may
be compensated by the lower gel strength of the mixtures with fiber, or by their lower final
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viscosity values in the RVA curves, already commented. It is also important to note that
the evolution of hardness is much lower in the case of breads with CF and ACF, in both
formulations, a result that agrees with those observed by Korus et al. [18]. This point is very
important, since rapid staling is one of the main problems of gluten-free breads compared
to those made with wheat flour. These differences are mainly due to the higher mobility of
water in gluten-free breads [38], and therefore, to the loss of this water in storage. Hence,
the reason for this reduction in hardness is related to the high water holding capacity of
CF, and thus the maintenance of a “juicier” and less hard texture. This effect coincides
with that observed in other studies that incorporated products with high water absorption
capacity [39].

Table 4. Textural parameters of gluten-free breads with or without CF.

Hardness (N) Cohesiveness Resilience Elasticity (N) Hardness Increase
(%)

Control 1 4.86 ± 0.06 bc 0.31 ± 0.0052 a 0.11 ± 0.0011 b 0.98 ± 0.01 a 227.23 ± 12.58 b
CF 1 4.25 ± 0.05 b 0.49 ± 0.0071 d 0.24 ± 0.0025 e 2.44 ± 0.04 c 73.62 ± 4.89 a
ACF 1 5.26 ± 0.03 c 0.49 ± 0.0071 d 0.23 ± 0.0026 d 1.69 ± 0.09 b 50.83 ± 51.14 a
Control 2 3.31 ± 0.05 a 0.30 ± 0.0061 a 0.10 ± 0.0046 a 0.96 ± 0.00 a 415.49 ± 17.20 c
CF 2 6.87 ± 0.13 d 0.43 ± 0.0018 c 0.12 ± 0.0006 bc 2.69 ± 0.11 d 82.07 ± 20.85 a
ACF 2 7.42 ± 0.62 d 0.33 ± 0.0081 b 0.12 ± 0.0018 c 1.63 ± 0.01 b 52.80 ± 21.84 a

CF: Citrus Fiber; ACF: Active Citrus Fiber; 1: Starch-based formula; 2: Flour and starch-based formula. Data are
expressed as mean ± Standard Deviation of duplicate trials. Values with the same letter do not show significant
differences (p < 0.05).

It should also be noted that the addition of CF or ACF allows for increased cohe-
siveness, resilience, and elasticity in both formulations, although in general, this effect
is greater with CF. Matos and Rosell [40] have already related these parameters to the
hydration properties of crumbs. Therefore, this effect may be due to the higher water
retention capacity of citrus fiber.

As for the acceptability test (Table 5), breads with a mixture of starches and rice
flour and fiber were not included in this test due to their low specific volume. In all the
parameters analyzed, with the exception of odor, the breads with rice flour obtained worse
evaluations than the breads made with starch mixtures. The addition of fiber did not
change visual appearance ratings, despite the lower volume and coarser crumb alveolus,
nor did it change the taste ones. However, tasters found a slightly different aroma in breads
with fiber, which reduced the rating on this point. In contrast, the fiber breads showed
better texture ratings. This may be related to the fact that gluten-free breads stand out
negatively for the sensation of dryness, hardness, and crumbliness (easy to break in the
mouth), generating a grittier sensation in contrast to wheat breads [36] The lower hardness,
higher moisture, and higher cohesiveness of fiber breads can minimize these negative
effects. The values obtained in this work are similar or even higher than other previous
works with gluten-free breads obtained with a similar scale and number of evaluators [41].

Table 5. Acceptability of gluten-free breads with or without CF.

Visual
Appearance Odor Texture Taste Overall

Acceptability

Control 1 6.72 ± 1.55 b 6.63 ± 1.57 b 6.20 ± 1.63 b 6.41 ± 1.66 b 6.50 ± 1.25 b
Control 2 5.29 ± 1.78 a 6.26 ± 1.46 ab 4.99 ± 1.85 a 5.58 ± 1.78 a 5.51 ± 1.58 a
CF 1 6.77 ± 1.28 b 5.90 ± 1.51 a 6.73 ± 1.38 c 6.29 ± 1.79 b 6.56 ± 1.23 b
ACF 1 7.11 ± 1.41 b 5.84 ± 1.72 a 6.76 ± 1.49 c 6.21 ± 1.79 b 6.72 ± 1.36 b

CF: Citrus Fiber; ACF: Active Citrus Fiber; 1: Starch-based formula; 2: Flour and starch-based formula. Data are
expressed as mean ± Standard Deviation of duplicate trials. Values with the same letter do not show significant
differences (p < 0.05).
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4. Conclusions

The incorporation of CF increases the hydration needs of gluten-free formulas, im-
proving dough yield. However, the effect on bread characteristics changes depending on
the formula used. In a starch-based formula, it can reduce hardness and staling, improving
cohesiveness, resilience, and texture perception without reducing overall acceptability.
Fiber activation by shear forces further increases hydration needs and dough yield but
may slightly change some of these characteristics. Therefore, in this work we show that
some aspects related to these fibers, such as formulation, pretreatment, and probably the
way the ingredients are mixed, have a great influence on the results obtained. Moreover,
with the addition of an adequate amount of citrus fiber, the nutritional claims “source of
fiber” (3 g/100 g or 1.5 g/100 kcal) or “high fiber” (6 g/100 g or 3 g/100 calories) could
be used. In addition, the incorporation of CF improves the perception of the texture by
consumers and does not reduce the overall acceptability, and even improves it (flour and
starch-based formula).

Author Contributions: R.B. and M.G. were responsible for the bibliographic search and writing
original draft preparation. R.B. was responsible of analysis. M.G. was responsible for supervi-
sion, writing—review and editing. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by Junta de Castilla y León, Spain, (VA177P20) cofounded
with FEDER.

Institutional Review Board Statement: Consumer test was carried out according to the proto-
col previously approved by the Committee of Tests and Research from the Hospital Rio Carrión
(Palencia, Spain).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Shewry, P. What Is Gluten-Why Is It Special? Front. Nutr. 2019, 6, 101. [CrossRef] [PubMed]
2. Biesiekierski, J.R. What is gluten? J. Gastroenterol. Hepatol. 2017, 32, 78–81. [CrossRef]
3. Roman, L.; Gómez, M.; Martínez, M.M. Mesoscale structuring of gluten-free bread with starch. Curr. Opin. Food Sci. 2021, 38,

189–195. [CrossRef]
4. Sabanis, D.; Tzia, C. Effect of hydrocolloids on selected properties of gluten-free dough and bread. Food Sci. Technol. Int. 2011, 17,

279–291. [CrossRef] [PubMed]
5. Belorio, M.; Gómez, M. Effect of hydration on gluten-free breads made with hydroxypropyl methylcellulose in comparison with

psyllium and xanthan gum. Foods 2020, 9, 1548. [CrossRef]
6. Roman, L.; Belorio, M.; Gómez, M. Gluten-free breads: The gap between research and commercial reality. Compr. Rev. Food Sci.

Food Saf. 2019, 18, 690–702. [CrossRef]
7. Mancebo, C.M.; Martínez, M.M.; Merino, C.; de la Hera, E.; Gómez, M. Effect of oil and shortening in rice bread quality:

Relationship between dough rheology and quality characteristics. J. Texture Stud. 2017, 48, 597–606. [CrossRef]
8. Sahagún, M.; Gómez, M. Assessing influence of protein source on characteristics of gluten-free breads optimising their hydration

level. Food Bioprocess Technol. 2018, 11, 1686–1694. [CrossRef]
9. Marin, F.R.; Soler-Rivas, C.; Benavente-Garcia, O.; Castillo, J.; Pérez-Álvarez, J.A. By-products from different citrus processes as a

source of customized functional fibers. Food Chem. 2007, 100, 736–741. [CrossRef]
10. Lundberg, B.M. Using highly expanded citrus fiber to improve the quality and nutritional properties of foods. Cereal Foods World

2005, 50, 248–252.
11. Lundberg, B.; Pan, X.J.; White, A.; Chau, H.; Hotchkiss, A. Rheology and composition of citrus fiber. J. Food Eng. 2014, 125, 97–104.

[CrossRef]
12. Qi, J.R.; Song, L.W.; Zeng, W.Q.; Liao, J.S. Citrus fiber for the stabilization of O/W emulsion through combination of Pickering

effect and fiber-based network. Food Chem. 2021, 343, 128523. [CrossRef]
13. Fernández-López, J.; Fernández-Gines, J.M.; Aleson-Carbonell, L.; Sendra, E.; Sayas-Barbera, E.; Pérez-Álvarez, J.A. Application

of functional citrus by-products to meat products. Trends Food Sci. Technol. 2004, 15, 176–185. [CrossRef]
14. Stauffer, C.E. Functional Additives for Bakery Foods; Van Nostrand Reinhold: New York, NY, USA, 1990.

http://doi.org/10.3389/fnut.2019.00101
http://www.ncbi.nlm.nih.gov/pubmed/31334243
http://doi.org/10.1111/jgh.13703
http://doi.org/10.1016/j.cofs.2020.12.003
http://doi.org/10.1177/1082013210382350
http://www.ncbi.nlm.nih.gov/pubmed/21917639
http://doi.org/10.3390/foods9111548
http://doi.org/10.1111/1541-4337.12437
http://doi.org/10.1111/jtxs.12270
http://doi.org/10.1007/s11947-018-2135-0
http://doi.org/10.1016/j.foodchem.2005.04.040
http://doi.org/10.1016/j.jfoodeng.2013.10.021
http://doi.org/10.1016/j.foodchem.2020.128523
http://doi.org/10.1016/j.tifs.2003.08.007


Foods 2023, 12, 1357 12 of 12

15. Miller, R.A. Increased yield of bread containing citrus peel fiber. Cereal Chem. 2011, 88, 174–178. [CrossRef]
16. Spina, A.; Brighina, S.; Muccilli, S.; Mazzaglia, A.; Fabroni, S.; Fallico, B.; Rapisarda, P.; Arena, E. Wholegrain durum wheat bread

fortified with citrus fibers: Evaluation of quality parameters during long storage. Front. Nutr. 2019, 6, 13. [CrossRef] [PubMed]
17. Ozturk, O.K.; Mert, B. The use of microfluidization for the production of xanthan and citrus fiber-based gluten-free corn breads.

LWT 2018, 96, 34–41. [CrossRef]
18. Korus, J.; Juszczak, L.; Witczak, M.; Ziobro, R. Effect of citrus fiber on the rheological properties of dough and quality of the

gluten-free bread. Appl. Sci. 2020, 10, 6633. [CrossRef]
19. Chen, Y.R.; Wu, S.J. Effects of high-hydrostatic pressure and high-pressure homogenization on the biological activity of cabbage

dietary fiber. J. Sci. Food Agr. 2022, 102, 6299–6308. [CrossRef] [PubMed]
20. Huang, X.; Yang, Y.; Liu, Q.; He, W.Q. Effect of high pressure homogenization on sugar beet pulp: Physicochemical, thermal and

structural properties. LWT 2020, 134, 110177. [CrossRef]
21. Jiang, Z.M.; Mu, S.N.; Ma, C.L.; Liu, Y.; Ma, Y.; Zhang, M.H.; Li, H.Y.; Liu, X.Q.; Hou, J.C.; Tian, B. Consequences of ball milling

combined with high-pressure homogenization on structure, physicochemical and rheological properties of citrus fiber. Food
Hydrocoll. 2022, 127, 107515. [CrossRef]

22. Su, D.B.; Zhu, X.D.; Wang, Y.; Li, D.; Wang, L.J. Effect of high-pressure homogenization on rheological properties of citrus fiber.
LWT 2020, 127, 109366. [CrossRef]

23. AACC International Approved Methods. Method 56–30.01. Water Hydration Capacity of Protein Materials; American Association of
Cereal Chemists: St Paul, MN, USA, 2012.

24. AACC International Approved Methods. Method 76–21.02. General Pasting Method for Wheat or Rye Flour or Starch Using the Rapid
Visco Analyzer; American Association of Cereal Chemists: St Paul, MN, USA, 2012.

25. Bravo-Nuñez, A.; Sahagun, M.; Gómez, M. Assessing the importance of protein interactions and hydration level on protein-
enriched gluten-free breads: A novel approach. Food Bioprocess Technol. 2019, 12, 820–828. [CrossRef]

26. Sigüenza-Andrés, T.; Gallego, C.; Gómez, M. Can cassava improve the quality of gluten free breads? LWT 2021, 149, 111923.
[CrossRef]

27. Gómez, M.; Ronda, F.; Caballero, P.; Blanco, C.; Rosell, C.M. Functionality of different hydrocolloids on the quality y shelf-life of
yellow layer cakes. Foods Hydrocoll. 2007, 21, 167–173. [CrossRef]

28. Schalow, S.; Baloufaud, M.; Cottancin, T.; Fischer, J.; Drusch, S. Orange pulp and peel fibers: Pectin-rich by-products from citrus
processing for water binding and gelling in foods. Eur. Food Res. Technol. 2018, 244, 235–244. [CrossRef]

29. Pickardt, C.; Dongowski, G.; Kunzek, H. The influence of mechanical and enzymatic disintegration of carrots on the structure and
properties of cell wall materials. Eur. Food Res. Technol. 2004, 219, 229–239. [CrossRef]

30. Redgwell, R.J.; Curti, D.; Gehin-Delval, C. Physicochemical properties of cell wall materials from apple, kiwifruit and tomato.
Eur. Food Res. Technol. 2008, 227, 607–618. [CrossRef]

31. Ma, Y.S.; Pan, Y.; Xie, Q.T.; Li, X.M.; Zhang, B.; Chen, H.Q. Evaluation studies on effects of pectin with different concentrations on
the pasting, rheological and digestibility properties of corn starch. Food Chem. 2019, 274, 319–323. [CrossRef] [PubMed]

32. Díaz-Calderon, P.; MacNaughtan, B.; Hill, S.; Foster, T.; Enrione, J.; Mitchell, J. Changes in gelatinisation and pasting properties of
various starches (wheat, maize and waxy maize) by the addition of bacterial cellulose fibrils. Food Hydrocoll. 2018, 80, 274–280.
[CrossRef]

33. Xie, F.; Ren, X.L.; Wu, H.M.; Zhang, H.; Wu, Y.; Song, Z.B.; Ai, L.Z. Pectins of different resources influences cold storage properties
of corn starch gels: Structure-property relationships. Food Hydrocoll. 2022, 124, 107287. [CrossRef]

34. Fratelli, C.; Muniz, D.G.; Santos, F.G.; Capriles, V.D. Modelling the effects of psyllium and water in gluten-free bread: An
approach to improve the bread quality and glycemic response. J. Funct. Foods 2018, 42, 339–345. [CrossRef]

35. Mancebo, C.M.; San Miguel, M.A.; Martínez, M.M.; Gómez, M. Optimisation of rheological properties of gluten-free doughs with
HPMC, psyllium and different levels of water. J. Cereal Sci. 2015, 61, 8–15. [CrossRef]

36. Puerta, P.; Laguna, L.; Villegas, B.; Rizo, A.; Fiszman, S.; Tarrega, A. Oral processing and dynamics of texture perception in
commercial gluten-free breads. Food Res. Int. 2020, 134, 109233. [CrossRef] [PubMed]

37. Martínez, M.M.; Gómez, M. Rheological and microstructural evolution of the most common gluten-free flours and starches
during bread fermentation and baking. J. Food Eng. 2017, 197, 78–86. [CrossRef]

38. Carini, E.; Curti, E.; Fattori, F.; Paciulli, M.; Vittadini, E. Staling of gluten-free breads: Physico-chemical properties and H-1 NMR
mobility. Eur. Food Res. Technol. 2017, 243, 867–877. [CrossRef]

39. Fjljpcev, B.; Pojic, M.; Simurina, O.; Misan, A.; Mandic, A. Psyllium as an improver in gluten-free breads: Effect on volume, crumb
texture, moisture binding and staling kinetics. LWT 2021, 151, 112156.

40. Matos, M.E.; Rosell, C.M. Relationship between instrumental parameters and sensory characteristics in gluten-free breads. Eur.
Food Res. Technol. 2012, 235, 107–117. [CrossRef]

41. Steffolani, E.; De la Hera, E.; Perez, G.; Gómez, M. Effect of chia (Salvia hispanica L) addition on the quality of gluten-free bread. J.
Food Qual. 2014, 37, 309–317. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1094/CCHEM-11-10-0161
http://doi.org/10.3389/fnut.2019.00013
http://www.ncbi.nlm.nih.gov/pubmed/30815437
http://doi.org/10.1016/j.lwt.2018.05.025
http://doi.org/10.3390/app10196633
http://doi.org/10.1002/jsfa.11980
http://www.ncbi.nlm.nih.gov/pubmed/35531767
http://doi.org/10.1016/j.lwt.2020.110177
http://doi.org/10.1016/j.foodhyd.2022.107515
http://doi.org/10.1016/j.lwt.2020.109366
http://doi.org/10.1007/s11947-019-02258-2
http://doi.org/10.1016/j.lwt.2021.111923
http://doi.org/10.1016/j.foodhyd.2006.03.012
http://doi.org/10.1007/s00217-017-2950-y
http://doi.org/10.1007/s00217-004-0960-z
http://doi.org/10.1007/s00217-007-0762-1
http://doi.org/10.1016/j.foodchem.2018.09.005
http://www.ncbi.nlm.nih.gov/pubmed/30372945
http://doi.org/10.1016/j.foodhyd.2018.02.023
http://doi.org/10.1016/j.foodhyd.2021.107287
http://doi.org/10.1016/j.jff.2018.01.015
http://doi.org/10.1016/j.jcs.2014.10.005
http://doi.org/10.1016/j.foodres.2020.109233
http://www.ncbi.nlm.nih.gov/pubmed/32517905
http://doi.org/10.1016/j.jfoodeng.2016.11.008
http://doi.org/10.1007/s00217-016-2801-2
http://doi.org/10.1007/s00217-012-1736-5
http://doi.org/10.1111/jfq.12098

	Introduction 
	Materials and Methods 
	Materials 
	Methods 
	Flour Characteristics (Hydration, Gel, and Pasting Properties) 
	Bread Elaboration 
	Evaluation of Dough Rheology 
	Bread Characteristics 
	Consumer Test 
	Statistical Analysis 


	Results and Discussion 
	Starches and Flour Properties 
	Gluten-Free Bread Characteristics 

	Conclusions 
	References

