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Abstract

The aim of this research was to determine the influence of tara gum and xanthan gum on rheological and textural properties
of gluten-free doughs and breads made from corn starch and potato starch. Four formulations were developed: corn starch
with xanthan gum (CS-XG), corn starch with tara gum (CS-TG), potato starch with xanthan gum (PS-XG) and potato starch
with tara gum (PS-TG) (XG and TG—0.5% of flour). Rheological and textural properties of doughs were evaluated, as well
as specific volume, alveolar structure and texture profile of breads. The results showed that the addition of tara gum increased
pasting properties of the potato starch formulation, however, in the corn starch formulations, it was not significantly differ-
ent from xanthan gum addition. All formulations showed more elastic than viscous behavior (G">G") and these viscoelastic
properties had an influence on the kinetics of dough growth during the leavening process. The formulation PS-XG presented
high specific volume, low crumb hardness, and good crumb structure, while the PS-TG showed inferior properties. In con-
trast, in the corn starch formulations, CS-XG and CS-TG presented very similar physical characteristics. The application of
tara gum in gluten-free breads is reported for the first time and depending on the starch used it showed desirable properties

for obtaining good quality products.
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Introduction

Celiac disease is defined as an autoimmune enteropathy trig-
gered in genetically predisposed individuals by the inges-
tion of peptides from gluten and other homologous proteins
found in wheat, barley, and rye [1, 2]. The intake of gluten
by celiac patients causes lesions in the epithelium of the
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small intestine leading to malabsorption of most nutrients
[3]. Statistics show that approximately 1% of the world
population suffers from this disease [2] and this prevalence
of celiac disease is increasing [1]. Although in Peru there
are no official reports of the number of celiacs, existence of
celiac disease persons is evident and are associated in the
“Asociacion de Celiacos 'y Sensibles al Gluten del Perii”. In
addition, an increase of gluten-free products for sale in major
supermarkets can be observed.

Research on gluten-free bread (GFB) has increased in
the last 10 years, with the aim to improve the nutritional
and sensory quality aspects of bakery products [2—4]. Due
to the absence of gluten, GFB cannot trap leavening gas,
resulting in low bread volume, crumbly texture, and high
crumb hardness [3]. Consequently, various ingredients and
additives are being studied to mimic the viscoelastic proper-
ties of gluten to obtain good quality bread products. Starch
is the main ingredient in gluten-free breads, and both potato
starch and corn starch are commercially available raw mate-
rials in Peru. Hydrocolloids are an alternative to increasing
the viscosity of doughs and could form sufficiently strong
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emulsions to avoid the collapse of the bread structure. The
most used hydrocolloids in the development of gluten-free
breads are xanthan gum (XG) and hydroxy-propyl-methyl
cellulose (HPMC) [5-7].

XG is an extracellular heteropolysaccharide of high
molecular weight (~ 1000 kDa) secreted by the microor-
ganism Xanthomonas campestris [8]. It consists of repeat-
ing units of D-glucose, linked to form the p-1,4-D-glucan
cellulosic backbone [5]. Recent studies indicate that con-
sumers prefer more natural ingredients and they associate
these hydrocolloids as artificial [8]. Hydrocolloids from
seeds such as guar gum, locust bean gum and tara gum are
potential alternatives for the manufacture of gluten-free
breads. These gums are constituted by galactomannans and
are energy reserve polysaccharides in endosperm legumi-
nous plant seeds [9]. Tara gum also has a high molecular
weight (1000 kDa) [10], consisting in a linear main chain of
(1-4)-b-D-mannopyranose units attached by (1-6) linkage
with a-D-galactopyranose units; with ratio 3:1 of mannose
to galactose [11]. According to some studies [12, 13], the
addition of guar gum significantly increases specific volume
of bread leading to lower crumb hardness; however, there
is less information about locust bean gum and to our best
knowledge no information on tara gum in gluten-free bread
formulation. Tara gum is a hydrocolloid indigenous to Peru
[11] and it is being used as a thickener and stabilizer in dif-
ferent semiliquid products, due to its solubility in cold water
and stability at high temperatures. Therefore, it is interesting
to investigate the potential of this hydrocolloid for use in
local production of gluten-free breads. The objective of this
research was to evaluate the influence of tara gum compared
to xanthan gum on the rheological and textural properties of
gluten-free model doughs and breads, based on corn starch
and potato starch.

Materials and methods
Materials

Corn starch (ARO®), potato starch (ARO®), salt (Lobos®),
soy oil (Primor®), white sugar (Cartabio®) and dry yeast
(Saccharomyces cerevisiae) (Fleischmann®) were purchased
from a local supermarket (Lima, Peru). Xanthan gum was
supplied by Frutaron®, Peru, and tara gum was provided by
Molinos Asociados SAC.

Dough and bread preparation
Four formulations were developed to evaluate the effect of
two types of gums with two different starches. The treat-

ments were: corn starch with tara gum (CS-TG), corn starch
with xanthan gum (CS-XG), potato starch with tara gum
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(PS-TG) and potato starch with xanthan gum (PS-XG) as
shown in Table 1.

The ingredients were calculated based on starch weight
(500 g). Dry ingredients such as starch, gum, and salt were
mixed for 1 min at low speed in a planetary mixer (KMX93,
Kenwood). Yeast was previously dissolved in water and
mixed with sugar. Then, water and soy oil were incorporated
into the bowl and mixed for another 3 min at high speed.
Three hundred grams of the resultant batter were poured
into an aluminum cup, fermented for 30 min in a cabinet at
30 °C and 80% humidity (Climacell EVO 111, German) and
baked at 170 °C for 55 min (Oster® Gourmet Collection,
Peru). After baking, gluten-free bread samples were allowed
to cool at room temperature for 2 h.

Dough rheological measurements
Viscoelastic properties of the dough

Viscoelastic properties of the dough were measured at 25 °C
using a controlled strain rheometer (Haake Mars 60, Thermo
Fisher Scientific, Germany) equipped with a system of par-
allel plates (diameter 35 mm, gap 2 mm). Dough samples
were prepared according to the formulations given in Table 1
without adding yeast.

First, a strain sweep test was performed with a stress
range of 0.1-100 Pa at a constant frequency of 1 Hz to iden-
tify the linear viscoelastic region. On the basis of the results
obtained, 0.1% strain was selected and the frequency sweep
tests were carried out at the range of 0.1 to 10 Hz [14].
Experimental data were described by the power law model:

G(w) =K o,

"

G//(w) — K// . wn

where w is the frequency (Hz), K', K", n', n" are the experi-
mental constants, G is the storage modulus and G” is the
loss modulus. The ratio of viscous to elastic behavior (Tan

Table 1 Gluten-free bread formulations

Ingredient (% four/ CS-XG CS-TG PS-XG PS-TG
starch base)

Corn starch 100 100 0 0
Potato starch 0 0 100 100
Yeast 3 3 3 3
Sugar 3 3 3 3
Salt 2 2 2 2
Soy oil 6 6 6 6
Xanthan gum 0.5 - 0.5 -
Tara gum - 0.5 - 0.5
Water 75 75 75 75
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0=G"/G") was also determinated according to Tun¢ and
Kahyaoglu [15]. All rheological experiments were per-
formed in triplicate.

Leavening properties

Leavening properties of the four doughs were examined by
Image Analysis following the procedure described by Conte,
Del Caro, Balestra, Piga, & Fadda, (2018) with some modi-
fications. Immediately after mixing, a portion of dough was
molded into a hollow cylinder (@ 2.7 cm) in the middle of
a Petri dish and leavened in a climate chamber at 30 °C and
90% RH for 60 min. Every 10 min, three Petri dishes were
scanned at 300 dpi with a scanner (Canon MG3610, Japan).
The increase of dough diameter (D,) was analyzed using
ImageJ 1.51j8 software (National Institutes of Health, USA)
and modeled using Gompertz equation:

D, =Dy + C - exp (—exp(—Vipa - (t = X)),

where D, is the initial diameter, C represents the asymptotic
amount of increase that occurs as ¢ increases indefinitely,
Vinax 18 the maximum diameter growth rate and X is the time
at which the absolute growth rate is a maximum.

Pasting properties of formulations

Pasting properties of the four formulations (without yeast)
were analyzed using a hybrid rheometer (HR-3, TA Instru-
ments, USA). The test was performed in excess water. Approx-
imately 2.8 to 3 g of samples were weighed and dissolved in
25 to 25.2 mL of water, according to the correction of sample
weights and water volume of AACC method (76 —21) [16].
The sample was initially stirred at 160 rpm for 2 min at 50 °C,
then heated to 95 °C at the rate of 6°C/min and maintained at
95 °C for 5 min. Then, the sample was cooled to 50 °C at the
rate of 5.3°C/min and finally maintained at 50 °C for 2 min.
The peak viscosity (PV), trough viscosity (TV), breakdown
(BD), final viscosity (FV), setback (SB), and peak time (PT)
were identified from the pasting curve. All samples were meas-
ured in triplicate.

Bread properties

Bake loss

The amount of water released and the material lost during
baking was calculated by differences between the initial

dough weight and the weight of the bread after cooling for
2 h, according to Horstmann et al. [17].

Weight of dough — weight of bread after cooling

Specific volume

Bread volume (mL) was measured by laser topography
(BVM-6610, Perten Instruments, Sweden) and specific
bread volume (mL/g) was calculated by dividing the vol-
ume with the bread weight.

Crumb structure

Four slices of each bread were scanned (Canon MG3610,
Japan) at 600 dpi resolution, then processed using ImagelJ
1.51j8 software (National Institutes of Health, USA). The
images were converted to 8 bits, then the width measure-
ment of the piece of bread was dimensioned, the binariza-
tion process was carried out and the elliptically shaped
particles were analyzed. The number of cells/cm?, the %
of area occupied by the cells and the average of cell area
(mm?) were calculated according to Sciarini et al. [4].

Textural properties of bread

The texture profile analysis (TPA) was carried out on
breads 2 h after baking using an Instron Universal Test-
ing Machine (Model 3365, Instron Co., USA). Cylinder-
shaped pieces (2.5 cm of diameter and 2.5 cm of height)
were obtained from the central parts of six breads. The test
was performed at a speed of 60 mm/min to compress the
bread crumb to 50% of its original height. The hardness,
cohesiveness, springiness, gumminess, and chewiness of
the crumb were calculated from the TPA curve.

Statistical analysis

Data were analyzed using Statgraphics Centurion XVII
(StatPoint Technologies Inc., Warrenton, Va., USA). A
one-way analysis of variance (ANOVA) with separation of
means by the Tukey test (p <0.05) and nonlinear regres-
sion analysis was applied to determine the rheological
and kinetic parameters of the leavening process. All the
analyses were carried out at least in triplicate and mean
values + standard deviation are presented.

% Bake loss =
‘ € oS Weight of bread after cooled

x 100.
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Results and discussion
Dough evaluation
Viscoelastic properties

The viscoelastic properties of the four formulations are
shown in Table 2. In all treatments, G' (elastic modulus)
was greater than G"” (viscous modulus), which suggests a
solid elastic-like behavior. A similar behavior was reported
in others works [6, 18]. The formulation CS-XG was the
most elastic one of all the treatments, while the formula-
tion PS-XG was the most viscous one. Doughs with tara
gum (CS-TG and PS-TG) showed lower values of G' and
G". The Tan (6), which indicates the ratio of viscous to
elastic behavior, was less than 1 for all treatments. The
formulations with xanthan gum obtained lower values of
Tan (6), while the formulation PS-TG obtained a value of
Tan (6) close to 1, which indicates a balanced relationship
between its viscous and elastic behavior. This behavior is
characteristic of the so-called weak gels and is in agree-
ment with previous observations regarding the viscoelastic
properties of gluten-free doughs [6, 19].

According to Ziobro et al. [20], it is difficult to pre-
dict the exact influence of the rheological properties of
the dough on the bread crumb structure and texture. Low
viscosity of the dough positively influences quality of the
final product, because it improves gas cell expansion dur-
ing proofing, and in this way, positively affects volume and
allows obtaining well-aerated crumb [21]. Nevertheless,
too low viscosity could lead to structure weakening, and
thus decrease gas retention and negatively influence bread
quality [22].

The results obtained in this investigation showed that
formulations with low Tan (§) (CS-XG, CS-TG, and
PS-XG) were more consistent, and therefore is expected
that these doughs could hold the gas produced during the
fermentation process.

Kinetics of the leavening process

Table 2 shows the kinetic parameters of dough growth evolu-
tion during the leavening process. The initial diameter (D,,)
of the formulation PS-TG was higher than the other treat-
ments, this is related to its viscoelastic properties, because
this dough presented a less viscous and elastic behavior than
the other formulations, therefore this dough spread more
easily once placed in the Petri dish (Fig. 1). In the same way,
since this dough was more fluid, it also experienced a higher
growth rate (V,,,,,) compared to the other formulations. The
ratio of viscous to elastic behavior of doughs (Tan §) was
negatively correlated with the necessary time to reach the
maximum growth rate of dough (X) during fermentation (r
= —0.97; p<0.05), which indicates that more elastic dough
will need a longer fermentation time. Gluten free-doughs
are usually fermented between 30 and 45 min [2, 8, 17] and
is very seldom few times, considered as a research variable.
According to Cappa et al. [23] if the fermentation time is
not controlled, the structure of the gluten-free dough could
weaken causing a collapse of the dough during the baking
process.

A good agreement between experimental data and the
Gompertz equation was observed in all treatments (corre-
lation coefficient R? between 0.89 and 0.99). With respect
to the kinetic parameters obtained, the value of C, which
represents the difference between the maximum and mini-
mum diameter achieved, was greater in the PS-GX formu-
lation than in the other formulations, which indicates that

Table 2 Viscoelastic properties of dough and kinetic parameters during fermentation

Gluten-free dough CS-XG CS-TG PS-XG PS-TG
Rheological properties G' (Pa) —1Hz 17450.00 +551.54¢ 463.20 +44.60° 1733.50+116.50¢ 309.20+ 14.29%
k' (Pa.s™) 12712.00 + 14024 350.69+21.62° 603.95 +27.78° 260.31+11.16
n 0.82+0.10¢ 0.43+0.01° 0.48 +0.03 0.66 +0.04¢
G" (Pa) —1 Hz 616.35+57.55¢ 107.86 + 16.54° 878.45 +42.75¢ 249.07 £17.45°
k" (Pas™) 519.60+22.95¢ 98.89+9.33% 234.86 +96.05° 221.78 +5.44°
n” 0.41+£0.08° 0.30+0.03? 0.52+0.11° 0.47£0.02°
Tan (§) — 1 Hz 0.21+0.08° 0.23+0.01° 0.51+0.01° 0.81+0.03¢
Kinetic parameters C 1.33+0.10* 1.41+0.23* 2.34+0.36° 1.45+0.15*
Do (cm) 3.45+0.06 4.12+0.15° 3.89+0.24* 6.18+0.24°
V (min~) 0.08+0.01° 0.08 +0.02* 0.06+0.01° 0.12+0.04°
X (min) 21.54+1.12° 19.95+4.84° 16.94 +5.60° 6.23+1.67°
R? 0.99 0.99 0.98 0.89

*Values followed by different letters in the same row are significantly different (p <0.05)
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Fig. 1 Gluten-free doughs during leavening process. CS-XG corn starch with xanthan gum, CS-TG corn starch with tara gum, PS-XG potato

starch with xanthan gum, PS-TG potato starch with tara gum

this dough achieved the greatest development during the
leavening process. According to Romano et al. [24], the
mathematical modeling of the leavening process provides
an idea of the speed and intensity of dough growth. As well
as, it can provide a general idea about the appropriate time of
fermentation of a dough, since this time depends largely on
the composition and the consistency of doughs. The results
obtained in this investigation showed that the fermentation
time is influenced by the initial rheological properties of
the dough.

Pasting properties

The results obtained for the pasting properties of the four
formulations are summarized in Table 3. Potato starch for-
mulations (PS-XG and PS-TG) exhibited higher values of
PV, TV, BD, and FV compared to the corn starch formula-
tions, which are in agreement with previous findings [17,
25]. Formulations with corn starch (CS-XG and CS-TG)
obtained higher SB values compared to potato starch formu-
lations, which suggest that the formulations with corn starch

Table 3 Pasting properties of formulations

will have a higher rate of retrogradation and syneresis in the
final product [26]. No significant differences were observed
for the pasting properties between CS-XG and CS-TG, but
between PS-XG and PS-TG. Partially, these results could be
explained by the different amount of amylose in the starches
[17], but the different effect of XG and TG on corn starch
and potato starch could not be fully clarified.

The formulation PS-TG had highest PV and BD, fol-
lowed by the formulation PS-XG. These results indicate
a strong interaction between the galactomannan from tara
gum and the starch from potato. According to the literature,
the increase in peak viscosity can be interpreted assum-
ing that the system is biphasic, with the gum located in the
continuous phase and its concentration is greatly increased
due to swelling of the starch granules during gelatinization
[27-29]. Chaisawang and Suphantharika [28] evaluated the
behavior of native and anionic tapioca starch granules dur-
ing gelatinization by SEM and noted that guar gum did not
entrap envelop the starch granules, but formed a sheet struc-
ture in the continuous phase; therefore, the starch granules
can swell freely before physical breakdown, which results in

Formulation Peak viscosity (Pas) Trough viscosity (Pas) Breakdown (Pas) Final viscosity (Pas) Setback (Pas) Peak time (min)
CS-XG 1.913+0.00° 0.819+0.00° 1.094+0.01* 1.915+0.01* 1.095+0.01*  8.40+0.0*
CS-TG 1.910+0.02° 0.793 +0.00° 1.116 £0.02° 1.854+0.01° 1.060+0.01*  8.30+0.0*
PS-XG 3.338+0.01° 1.249+0.01¢ 2.090+0.00° 2.033+0.00" 0.784+0.00° 6.05+0.2°
PS-TG 3.732+0.09¢ 1.179+0.02° 2.558+0.07¢ 2.015+0.11* 0.841+0.09®  6.30+0.0°

*Values followed by different letters in the same column are significantly different (p <0.05)
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an increase in peak viscosity. Similar results were reported
by Rodriguez-Sandoval et al. [30] who evaluated the effect
of guar gum and a mixture of guar gum/HPMC on the past-
ing profile of a tapioca starch—precooked corn flour mixture.

In the case of xanthan gum, it is well documented that
the incorporation of this gum decreases the viscosity past-
ing properties of the starches, because the starch gran-
ules are completely entrapped by a tight gum layer which
causes restricted swelling at high temperatures, limiting the
increase in viscosity and subsequently retarding gelatiniza-
tion of starch granules [8, 28, 31]. With respect to FV, all the
formulations showed similar values so it is expected that the
springiness of the final products will be very similar [32].

As already mentioned before, gluten-free doughs should
be sufficiently viscous so that they can retain the gas pro-
duced during the leavening process, but it is also desired
that the viscosity of the dough is stable during the baking
process. Although the formulation PS-TG can achieve a high
viscosity during the heating process, it experiences a high
breakdown, which suggests a low stability during the bak-
ing process.

Bread evaluation

Bake loss, specific volume, and crumb structure
of gluten-free bread

Table 4 shows the bread properties obtained for the four
studied formulations. Regarding to bake loss, it was evident
that the formulations with tara gum (CS-TG and PS-TG)
lost more water than the formulations with xanthan gum,
this result is related to the way in which the gum interacts
with the starch. As mentioned earlier, galactomannans are
dispersed in the continuous phase allowing complete gelati-
nization and subsequent retrogradation of the starch, there-
fore the water absorbed by the starches is ready to evapo-
rate. In contrast, xanthan gum entraps the starch granules
thus delaying evaporation of water during baking. This is

largely advantageous because it can slow down bread stal-
ing by delaying formation of amylopectin recrystallisation
during storage [31]. Additionally, these results may be due
to the negative charge of the xanthan gum molecule. It is
known that the groups of acetic and pyruvic acids available
in the chemical structure of the xanthan gum molecule allow
higher water absorption through hydrogen bonds [33], com-
pared to the neutral charge presented by galactomannans [8].

The formulation PS-XG achieved the highest specific
volume followed by CS-TG, CS-XG, and PS-TG. Specific
volume was highly correlated with the number of cells/cm?
and the % area occupied by the alveoli, demonstrating that
the bread with higher specific volume had better alveolar
structure.

In gluten-free breads made from PS-TG, the crumb col-
lapsed (see Fig. 2), therefore, it was not possible to measure
the crumb structure. According to Sciarini et al. [4], this
effect is characteristic to systems with a rapid water loss. The
collapse of the crumb can also be caused by the coalescence
of the alveoli during the early stage of baking as a result of
a too rapid expansion of the CO, bubbles [34]. This baking
result was not unexpected because the dough presented low
viscoelasticity and a rapid growth rate during the leaven-
ing process. The collapse of the crumb might be avoided
by decreasing the water content of the formulation or by
inclusion of protein sources that have a high water absorp-
tion, another possibility could eventually be reducing the
fermentation times of the dough. The average cell area was
very similar in all formulations. According to Sciarini et al.
[4], if the cell area ranges between 2.00 and 10.00 mm?,
they are considered large alveoli or cells, which lead to the
formation of a spongier crumb.

Textural properties of gluten-free bread
The results of TPA are shown in Table 4. The lowest hard-

ness was found in formulation PS-XG, the highest in for-
mulation PS-TG, basically due to the collapse of the crumb

Table 4 Quality characteristics

Quality parameters CS-XG CS-TG PS-XG PS-TG

of gluten-free bread

formulations based on starch Baking loss (%) 16.64+2.5° 18.77+1.5° 15.85+0.7 17.67 +0.7%
Specific volume (mL/g) 2.24+0.04° 2.41+0.01° 2.77+0.05¢ 1.93+0.03*
N° cells/cm? 52.48+5.3 46.40+10.9* 83.50+8.5° -
% Area of cells 31.04+2.8% 28.11+3.9° 33.20+3.0° -
Average cell area (mm?) 2.83+0.3% 2.69+0.5% 2.87+0.3% -
Crumb hardness (N) 2.37+0.25° 2.42+0.04° 1.90 +0.00* 12.64+0.17¢
Cohesiveness 0.01 +0.00% 0.01+0.00* 0.04 +0.00° 0.01+0.09*
Springiness 0.01+0.00* 0.01+0.00* 0.01+0.00* 0.01+0.00*
Gumminess (N) 1.40+0.12% 1.44+0.01 7.50+0.30° 6.41+£0.24°
Chewiness (N) 1.37+0.12% 1.33+0.03* 7.38+0.32¢ 6.45+0.29°

*Values followed by different letters in the same row are significantly different (p <0.05)
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Fig.2 Representative images of gluten-free breads. CS-XG corn starch with xanthan gum, CS-TG corn starch with tara gum, PS-XG potato
starch with xanthan gum, PS-TG potato starch with tara gum. The white bar represents 1 cm

and consequent agglomeration. Negative correlations were
observed between crumb hardness and specific volume (r =
- 0.81, p<0.05), N° cells/cm? (r = — 0.85, p<0.05) and %
area of cells (r = — 0.98; p<0.05). Similar results have been
reported by Horstmann et al. [8] who found that gluten-free
breads made from potato starch and xanthan gum were softer
than breads made from potato starch and locust bean gum.

In the case of cohesiveness, the formulation PS-XG was
more cohesive than the formulations with corn starch. Accord-
ing to Demirkesen et al. [35] and Liu et al. [31], it is desirable
that gluten-free breads have moderate cohesiveness values
because breads with too low cohesion are susceptible to frac-
ture and crumble. Elasticity of the formulations with xanthan
gum (CS-XG and PS-XG) was very similar, however, a lower
elasticity value was obtained in formulation with tara gum
(CS-TG). The formulation PS-XG obtained the highest gum-
miness and chewiness values, while no significant difference,
of these parameters, was observed in the formulations with
corn starch (CS-XG and CS-TG).

Conclusions

In this study, it was possible to evaluate the effect of tara
gum and xanthan gum on the rheological properties of
the doughs and physical quality parameters of gluten-free
breads made from corn starch and potato starch. It was
found that tara gum significantly affected the pasting prop-
erties of the formulations with potato starch. The viscoe-
lastic properties were different for all the formulations.
The kinetics of dough growth during the leavening process
was modeled correctly using the Gompertz equation, and it
was demonstrated that fermentation time was influenced by
the viscoelastic properties of the doughs. With respect to
the physical quality parameters, when using potato starch,
a gluten-free bread with high specific volume, good crumb
structure, and desirable textural properties was obtained
after addition of xanthan gum, but not when adding tara
gum. In the corn starch breads, addition of xanthan gum
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as well as tara gum produced breads with very similar
physical characteristics. Therefore, the influence of the
type of hydrocolloid used for the preparation of gluten-
free breads depends to a large extent on the starch used.
In corn starch, tara gum is a potential additive to improve
the rheological and textural characteristics of gluten-free
bread formulations.
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