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Abstract

Obtaining gluten-free bakery products is technologically difficult and the combination of 
several ingredients and change of traditional processes is often required. The gluten free 
dough does not have the ability to retain the gas generated during fermentation and baking, 
yielding bread with low specific volume and firm and rubbery breadcrumb. Hydrocolloids, 
emulsifiers, milk products, proteins, gelatinized starch and enzymes have been used to improve 
the rheological quality of the dough, final volume, structural and textural characteristics and 
the shelf life of gluten-free breads. The objective of this study was to evaluate the effects of α - 
amylase, trehalose, sorbitol and polysorbate 80 on the technological characteristics and aging of 
gluten-free breads made from rice flour. Gluten-free breads made with different concentrations 
of sorbitol, trehalose, α - amylase and polysorbate 80 were evaluated by the following tests: 
specific volume (SV), score (1 and 48 h), hardness (1, 24 and 48 h), hardness rate (g / day), 
moisture from the crumb and crust (1 and 48 h) and hydration capacity of the crumb (1 and 48 
h). The use of α- amylase, trehalose, sorbitol and polysorbate 80 influenced the technological 
characteristics of gluten free breads. Improvement was observed in specific volume, score and 
hardness with the use of sorbitol, trehalose, α - amylase and lower concentrations of polysorbate 
80. The bread that got the best characteristics was that added with 0.1% polysorbate 80 and 
reduction of vegetable oil, presenting a great potential to expand the shelf life of gluten-free 
breads, due to low hardness and lower hardness rate, in addition to showing little variation in 
the values of crumb and crust moisture and hydration capacity of the crumb.

Introduction

Celiac disease (CD) is an autoimmune disease, 
triggered in genetically predisposed individuals, 
resulting from a permanent intolerance to gluten 
(Rodrigo, 2006). The reaction to gluten ingestion by 
patients with celiac disease is the inflammation of the 
small intestine leading to malabsorption of several 
important nutrients, including iron, folic acid, calcium 
and fat-soluble vitamins (Feighery, 1999; Kelly et al., 
2004). The toxic fraction of gluten responsible for 
the clinical manifestations of the disease is gliadin. 
It is demonstrably present in grains like wheat, rye, 
barley, triticale and possibly in oats. (Moreira, 2007).

The only effective treatment for celiac disease is 
strict adherence to a gluten-free diet for life resulting in 
clinical and intestinal mucus recovery (Kotze, 2006). 
The only cereals considered safe for celiacs are rice 
and corn, rice is the most suitable for the production 
of gluten-free products, due to features such as mild 
flavor, white color, and hypoallergenicity of proteins 
(Neumann and Bruemer 1997).

The difficulty of maintaining a gluten-free diet 

can be attributed mainly to the lack of alternative 
gluten-free ready foods, in the Brazilian market 
(Sdepanian et al., 2001). The Brazilian Celiac 
Association - ACELBRA (2013) reports that the 
gluten-free product that celiacs wish to find is bread 
(47%), followed by biscuits and crackers (21%), 
pasta (21%) and pizza (11%).

Gluten is responsible for the properties of 
extensibility, elasticity, viscosity and gas retention 
of the dough and contributes to the appearance and 
crumb structure of the bread. Therefore, obtaining 
gluten-free products becomes technically difficult 
often requiring a combination of various ingredients 
and the modification of traditional elaboration 
processes. The gluten-free dough does not have 
ability to retain the gas generated during fermentation 
and baking, yielding bread with low specific volume 
and firm and rubbery crumb (Capriles and Arêas, 
2011). According to Ahlborn et al. (2005) sensory 
attributes like crumb structure and flavor, as well as 
problems in storage have also been verified in gluten 
free baked products.

According to the legislation, RDC Resolution No. 
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263 of 22 September 2005, breads are the products 
obtained from wheat flour and / or other flours, added 
with liquid, resulting from fermentation or not and 
cooking process, and may contain other ingredients, 
as long as there is no disfiguring of products (Brazil, 
2005).

In the dough for the manufacture of bread, 
basic ingredients like water, flour, salt and yeast 
are commonly used. However, Brazilian law allows 
the use of certain auxiliary components, known as 
additives, which may be incorporated into the dough, 
to correct certain deficiencies in quality, especially 
flour. Typically, these additives act in order to 
balance the enzyme activity of the flour or the dough 
improving the strength and tolerance to baking 
process (Aquarone et al., 2001).

The gluten-free breads are unable to develop a 
protein network similar to gluten. Therefore, additives 
such as hydrocolloids and emulsifiers, as well as dairy 
products, proteins, gelatinized starch and enzymes 
have been used to improve the rheological quality of 
the dough, the final volume, structural and textural 
characteristics and the life of the rolls (Gallagher et 
al., 2004;. Nunes et al., 2009; Onyango et al., 2009; 
Demirkesen et al., 2010; Sciarini et al., 2012).

Enzymes such as transglutaminase (Renzetti 
et al., 2008; Storck et al., 2009; Shin et al., 
2010), the α- amylase (Sciarini et al., 2012) and 
cyclodextringlycosyltransferase (Gujral et al., 2003) 
have been studied and presented positive effect on 
some properties of gluten-free breads.

Recent studies have shown that the addition 
of emulsifiers, such as polysorbate 80, can help to 
maintain the crumb softness and thus contribute to 
the extension of the useful life of gluten-free breads 
(Nunes et al, 2009; Onyango et al., 2009; Demirkesen 
et al, 2010; Sciarini et al, 2012).

The marketing period for the bread is relatively 
short, since it is a perishable food. One of the factors 
limiting the lifetime of the bread is the aging that 
occurs due to the retrogradation and that adds to the 
crumb firmness, giving a sensation of a dry product 
when ingested (Gutkoski et al., 2005). The objective 
of this study was to evaluate the effects of different 
additives on technological characteristics and shelf 
life of gluten-free breads, enabling the development 
of gluten -free products of good quality.

Material and Methods

Raw material and ingredients
The raw material used in the preparation of 

gluten-free breads was rice flour provided by Cerealle 
Indústria e Comércio de Cereais Ltda., located in the 

city of Pelotas, Brazil. The proximate composition of 
rice flour provided was as follows: 8.93% moisture, 
6.85% protein, 0.37% fat, 0.28% ash and 83.57% 
carbohydrate.

The formulation of gluten-free bread was 100 
g rice flour, 2 g yeast (Fleischmann), 5 g sugar 
(Caravelas), 2 g salt (Diana), 6 g vegetable oil (Leve), 
structural agents, 2 g of hydrocolloid methylcellulose 
(MC) Methocel A4M®, 0,5 g of transglutaminase 
enzyme (TGase) Activa WM® (81-135 Units/g) that 
were supplied by Tovani Benzaquen Industries and 
Ajinomoto Co. respectively, and 0,009 g of P.A. 
ascorbic acid (L +) used was of Synth brand.

The components tested in the formulations of 
gluten-free breads were D (+) Trehalose from Sigma-
Aldrich Company, α-amylase Termamyl 120L (500-
1000 units / mg protein) from Novozymes, sorbitan 
monooleate (Polysorbate 80, PS 80) from Oxiteno, 
and sorbitol of the Vetec brand.

Preparation of the breads
The gluten-free breads were prepared as follows: 

first, the rice flour, salt, sugar, dry yeast and oil were 
weighed on a precision balance (Marte, model AS200), 
ascorbic acid, methylcellulose, and transglutaminase 
were weighed on an analytical balance (Bioprecisa 
model FA2104N). The dry ingredients were placed 
in a planetary mixer (“Stand Mixer” 300W) for 1 min 
at medium speed, then the vegetable oil and the water 
were added and blended for 9 min and maintained 
at the same speed. The resulting dough was placed 
in a container and underwent a first fermentation for 
60 min in an stove (Biopar model S150BA) at 30°C. 
Subsequently, 175 g of dough molds were placed in 
baking forms with 13.3 × 5.5 cm base (length and 
bottom width), 15.5 × 7.4 cm of the top (length and 
top width) and height of 4.5 cm, and fermented for 
another 55 min at 30°C and then baked at 200°C for 
20 minutes in an electric oven (Fischer, Diplomat 
model).

The breads were removed from the oven as soon 
as they were baked and cooled to room temperature 
for an hour after which they were then taken for 
specific analyses. The bread used in the evaluations 
during the aging process were stored in polyethylene 
plastic containers after cooling and kept at room 
temperature (20ºC).

Evaluation of the breads
To check the influence of α- amylase, trehalose, 

sorbitol and polysorbate 80 in aging of gluten-free 
bread elaborated from rice flour, the formulations 
contained in Table 1 were prepared. They were 
evaluated through the following analyses: specific 
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volume (mL.g-1) score (1 to 48 hours after baking), 
hardness (g) (1, 24 and 48 h after baking), hardening 
rate (g/day), humidity (%) of the crumb and crust (1 
to 48 h after baking), hydration capacity of the crumb 
(1 to 48 h after baking).

The specific volume (SV) of the breads was 
determined by the 10-05 method (AACC, 2000). 
The breads were weighed on a precision balance and 
their volume determined by displacement method of 
millet seeds, where the displaced volume of seeds 
was measured in a test tube. The specific volume was 
calculated according to the ratio of the volume and 
weight of the baked bread.

Internal and external characteristics of the breads 
were evaluated by 3 trained judges according to El-
Dash (1978), which assigns a score to the bread, with 
a maximum of 100 points distributed in the volume 
parameters (SV x 3.33), color of the crust, breaking, 
symmetry, characteristics of the crust, crumb color, 
crumb cell structure, crumb texture, aroma and taste.

To evaluate the behavior of the water content 
of bread during aging moisture analysis of the 
crust and the crumb was performed separately. The 
humidity was determined according to AACC (2000) 
method No. 44 - 15A. To evaluate the hardness of 
the crumb of the bread crumb hardness analyses 
were performed in a TAXT2 texture analyzer (Stable 
Micro System, Surrey, UK). The test was performed 
according to method No. 74-09.01 of the AACC 
(2000), which consists of placing a slice of 25 mm 
thick in the Texture Analyzer TAXT2 platform center 
and compressing it with a cylindrical probe of 36 mm 
diameter under the following work conditions: pre-
test speed: 1.0 mm/s, test speed: 1.7 mm/s, post-test 
speed: 10.0 mm/s; compression: 40% ; trigger type: 
5 g.

The hardness rate (g/day) was determined as 
the difference between the final (48 h) and initial 
(1 h) hardness of the crumb divided by storage 
time (Onyango et al., 2009). According to Martin 

et al. (1991) the hydration capacity of the crumb is 
a method that consists in determining the ability to 
maintain the crumb of bread moist during the storage 
period. The analysis was performed as follows: 12.5 
g of ground bread was suspended in 75 mL of water 
for 30 minutes with gentle agitation. The mixture was 
centrifuged at 2683 G for 12 minutes. The hydration 
capacity was determined as the weight (g) of wet 
sediment per gram (dry basis) of bread crumbs. All 
analyses were performed in triplicate.

Statistical analysis
The results were statistically analyzed using 

analysis of variance (ANOVA), and compared by 
Tukey test at 5% significance.

Results and Discussion

According to Table 2, which presents the 
measures of specific volume (SV) and score (1 to 
48 hours after baking) of the breads, it can be seen 
that there is significant difference in the values of 
specific volume and score between the control bread 
and breads with the addition of sorbitol, polysorbate 
80, trehalose and α-amylase. The greater specific 
volume found was 3.5 mL/g of the bread with 0.1% 
polysorbate 80, followed by 3.38 mL/g of the bread 
with 0.001% α- amylase and 3.23 mL/g of the bread 
with 2% trehalose.

It was found that the bread with 0.001% α- 
amylase had an increase of 36% in the specific 
volume compared to the control bread. In the study 
by Sciarini et al (2012) an increase of 8.5% in the 
specific volume of gluten-free breads prepared with 
45% rice flour, 45% cassava starch, 10% soybean 
meal and addition of 0.0006% of α- amylase were 
reported, where the control bread (no α- amylase) 
had an SV of 1.98 mL/g.

As reported by Zhou et al. (2007), the addition of 
trehalose in wheat bread can decrease the hardness 
of the bread crumb and increase water retention and 
the specific volume of the bread, besides improving 
the sensory quality. As can be seen in Table 2, the 
breads with trehalose showed a specific volume 30% 
greater than the control bread. Therefore, trehalose 
has a similar effect on gluten-free breads compared 
to wheat bread.

The addition of 0.1% polysorbate 80 caused a 
41.7% increase in specific volume, causing a positive 
effect on SV of the gluten-free bread prepared 
from rice flour, but adding 0.2% of polysorbate 80 
occasioned a reduction of 15% in the specific volume, 
acting contrarily, with a negative effect, which may 
be due to the excess polysorbate 80 added.

Table 1. Components employees in the formulation of 
gluten-free breads

(1)Percentages calculated on the basis of rice flour.
(2)Formulations with 1% vegetable oil.
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In the study by Sciarini et al. (2012) it was 
reported that the addition of surfactant did not lead 
to an increase in specific volume, in fact, the addition 
of 1% sodium stearoyl lactate (SSL) decreased SV of 
gluten-free bread prepared from 45% rice flour, 45% 
cassava starch  and 10% soy flour when compared to 
the control bread. The SV of bread in this case was 
found in the range of 1.71 to 1.99 mL.g-1, volumes 
much smaller than those found in this study.

The bread with greater SV and the best score was 
the one added with 0.1% polysorbate 80. Among 
the food additives used in bakery, emulsifiers are 
an extremely important group because they are 
responsible for a host of benefits, ranging from ease 
of manipulation of the dough, to increases in volume 
and shelf life of the final products (Gandra et al., 
2008).

To assess the quality of bread the system of total 
score has been used, it assess the characteristics 
of bread (internal, external, aroma and flavor). 
According to Dutcosky (1996) and according to the 
parameters evaluated by the scoring (El-Dash, 1978) 
system, the bread that has a score of 81-100 can be 
classified as good quality bread, 61-80 regular, 31-
60 bad and less than 30 points is of unacceptable 
quality. Thus, analyzing Table 2, after one hour 
baking, the control bread and the breads with 0.1% 
sorbitol and 0.2% polysorbate 80 can be classified as 
regular quality bread, while the others are classified 
as breads of good quality. However, when stored for 
48 hours, only two breads showed good quality, the 
bread with 0.1% polysorbate 80 and the bread with 
1% trehalose. The other formulations showed regular 
quality, due to having lower values of the evaluated 
items shown in the quality spreadsheet.

In the study by Soares Jr. et al. (2008) scores 
between 51.59 and 83.46 were reported for wheat 
breads made from roasted rice bran, with some 
classified as regular quality and only one as poor 
quality. In Table 2, we can see that there is a 
significant difference in hardness values (1, 24 and 48 
h after baking) and hardness rate of bread. The lowest 
hardness (1 h) reported was 151.20 g for bread with 
0.1% polysorbate 80, followed by 177.16 g for bread 
with 0.01% sorbitol. The initial crumb hardness and 
hardness rate were reduced with the incorporation of 
additives, with the exception of the bread with 0.2% 
polysorbate 80. The breads that had lower hardness 
rates were the breads added with 0.001% of α- 
amylase and the bread with 1% trehalose.

It was found that the bread with 0.0005% of 
α- amylase had a 43% reduction in crumb hardness 
compared to the control bread. This confirms what 
occurred in the study by Sciarini et al. (2012) which 
reported a decrease in 31% of hardness of the gluten-
free breads prepared with 45% rice flour, 45% of 
tapioca starch, 10% soy flour and with the addition 
of 0.0006% of α-amylase, wherein the control bread 
(without the α- amylase) has a hardness of 249 g.

The hardness of the crumb of all breads increased 
with storage time regardless of the treatment as 
can be seen in Figure 1. The aging of the bread is 
detected by changes in texture, besides taste and the 
aroma. In fact, the processes that cause aging begin 
during cooling, even before the starch has solidified 
enough to cut the product. In general, during storage, 
the crumb becomes dry, crumbly and harder, and the 
crust is soft and coriaceous (Cauvain and Young, 
2009).

As previously reported, the breads with 0.2% 

Table 2. Measure de specific volume, pontuation, parameters of hardness and hardness rate of 
gluten-free breads

Mean ± standard deviation. Different lowercase letters in the same column indicate a significant difference (p <0.05). 
Different capital letters in the same row indicate a significant difference (p <0.05), for Pontuation and Hardness separately. 
C: bread control. S1: bread containing 0.01% sorbitol. S2: bread containing 0.05% sorbitol. T1: bread containing 1% 
trehalose. T2: bread containing 2% trehalose. A1: bread containing 0.0005% α-amylase. A2: bread containing 0.001% 
α-amylase. P1: bread containing 0.1% polysorbate 80 and 1% vegetable oil. P2: bread containing 0.2% polysorbate 80 
and 1% vegetable oil.
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polysorbate 80 have the lowest SV and higher initial 
hardness, differing significantly from the others, 
which led to a higher hardness rate. This can be 
explained according to the second theory of Moore et 
al. (2006) and Mezaize et al. (2009), which indicate 
that there is a strong positive correlation between 
SV and hardness of breads, justified by the greater 
compression of gas cells in bread with lower SV, that 
cause increased resistance to deformation of these 
breads resulting in higher crumb hardness. Figure 2 
demonstrates this characteristic of the breads.

According to Table 3, crumb moisture values were 
found (1h after baking) between 52.36 and 54.69%, 
and moisture from the crust (1h after baking) between 
25.83 and 33.20%. In the breads made with the 
control formulation, mean crumb moisture values of 
52.58% and crust moisture of 25.83% were obtained. 
Similar values were found in the study by Ronda and 
Ross (2011), where the crumb moisture ranged from 
53.25 to 53.76% and the crust was between 28.70 and 

31.84% for gluten-free breads made from rice flour.
It can be seen that there was a reduction in the 

moisture of the crumb and increase in the crust 
moisture after 48 hours of storage of the bread. 
According to Pyler (1988), the aging process is 
accompanied by the migration of moisture from 
the center of the bread to the outer regions. Breads 
P1, T2 and C were those with a smaller reduction 
in crumb moisture, and the bread added with 0.1% 
polysorbate 80 showing the smallest loss. For bread 
crust moisture, the breads that had lower moisture 
gain were T1, S1 and P1. Thus, these breads were 
those with the slowest water migration rate, which 
is of interest for a better conservation of the product.

During aging of bread several changes occur 
in the properties associated with hardening of the 
crumb, including an increase in moisture crust, starch 
crystallinity, opacity and firmness, loss of taste and 
also a reduction in the crumb moisture,  of soluble 
starch and the hydration capacity of the crumb 

Table 3. Crumb and crust moisture, and hydration capacity of the crumb of gluten free breads

Mean ± standard deviation. Different lowercase letters in the same column indicate a significant difference (p <0.05). Different 
capital letters in the same row indicate a significant difference (p <0.05), for Crumb Moisture, Crust Moisture and HCC separately. 
C: bread control. S1: bread containing 0.01% sorbitol. S2: bread containing 0.05% sorbitol. T1: bread containing 1% trehalose. 
T2: bread containing 2% trehalose. A1: bread containing 0.0005% α-amylase. A2: bread containing 0.001% α-amylase. P1: 
bread containing 0.1% polysorbate 80 and 1% vegetable oil. P2: bread containing 0.2% polysorbate 80 and 1% vegetable oil. 
ML: moisture loss. MG: moisture gain. HCC: hydration capacity of the crumb.

Figure 1. Hardening of the crumb during storage Figure 2. Relationship between specific volume and 
hardness of breads
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(D’Appolonia and Morad, 1981; Martin et al., 1991).
Observing Table 3, which presents the hydration 

capacity of gluten-free bread crumbs (1 to 48 h 
after baking), it can be seen that the results showed 
agreement with the literature, as there was a reduction 
of up to 24.29% in hydration capacity of the crumbs 
after 48h of storage. The breads that showed greater 
preservation of crumb hydration capacity (CHC) 
after 48h bread were control (C) and the bread added 
with polysorbate 80 (P1 and P2).

The sorbitol, trehalose and α-amylase showed no 
positive effect on this characteristic of the crumb, a 
minor loss of CHC was only found with the addition 
of polysorbate 80. Trehalose, the α- amylase and 
polysorbate 80 were influential in the initial CHC, 
all caused a reduction compared to control bread, 
probably due to interaction of the additive with the 
damaged starch granules. According to Martin et 
al. (1991), during baking, monoglycerides and fats 
interact with the starch molecules and reduce their 
swelling. Because the starch granules swell less, the 
solubility of the starch molecules is lower and the 
hydration capacity of the bread crumb is lower too.

Conclusion

The use of added components influenced the 
technological characteristics of gluten free breads. 
Improvements were observed in specific volume, 
hardness and score with the use of sorbitol, trehalose, 
α- amylase and lower concentrations of polysorbate 
80 used.

The bread that got the best features was that added 
with 0.1% polysorbate 80 and reduction of vegetable 
oil, presenting a great potential to expand the shelf 
life of gluten-free breads, due to low hardness and 
hardening rate, besides showing little variation in 
moisture values in the crumb and the crust, and in the 
crumb hydration capacity.
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