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Wheat flour.

This work aims to check the rheological, physicochemical and sensory characteristics of
gluten-free bread produced with corn, rice and tapioca flours, using the hydrocolloid
seaweed agar-agar. Relatively to wheat bread, it was found that the pH was slightly lower in
gluten-free bread. In the crust only the brightness remained significantly different between
both bread types, but in the kernel, the parameters a*b* and L* diverge significantly. The
toughness as well as the force of penetration and cutting were also significantly different
between both bread types. The hedonic evaluation showed that the panellists prefered bread
with gluten but the quantitative descriptive analysis did not reveal a clear pattern. The overall
assessment pointed that bread with gluten has a greater acceptance by consumers, while
gluten-free bread is considered nice in the opinion of the penallists.
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Introduction

Coeliac disease is an autoimmune disorder of the small
intestine, occurring in genetically predisposed people of all
ages from middle infancy onward, that might cause severe
malnutrition [1,2]. Coeliac disease is caused by a reaction to
gliadin, a prolamin (i.e., gluten protein) found in wheat. Upon
exposure to gliadin, and specifically to peptides found in
prolamin, the enzyme tissue transglutaminase modifies the
protein, and the immune system cross-reacts with the small-
bowel tissue, causing an inflammatory reaction [3]. That leads
to villous atrophy, which interferes with the absorption of
nutrients, namely vitamins and minerals [4]. In Europe the
disease affects 1 in 200 people [4], being the only known
effective treatment a lifelong gluten-free diet. That is very
difficult, however, since many foods contain gluten.

Gluten is the composite of a prolamin and a glutelin,
which exist, conjoined with starch, in the endosperm of various
grass-related grains, namely in wheat. Gliadin, a water-soluble,
and glutenin, a water-insoluble, compose about 80% of the
protein contained in wheat seed. Worldwide, gluten is a source
of protein, both in foods prepared directly from sources
containing it, and as an additive to foods otherwise low in
protein.

In bakery gluten forms, as glutenin molecules, cross-link
to make a sub-microscopic network and associates with
gliadin, which contributes with viscosity and extensibility to the
mix. If such dough is leavened with yeast, sugar fermentation
produces bubbles of carbon dioxide which, trapped by the
gluten network, cause the dough to swell or rise. Baking
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coagulates the gluten, which, along with starch, stabilizes the
shape of the final product. Gluten content has been implicated
as a factor in the staling of bread, possibly because it binds
water by hydration. The development of gluten (i.e., enhancing
its elasticity) affects the texture of the baked goods. Gluten's
attainable elasticity is proportional to its content of glutenins
with low molecular weights because that fraction contains the
preponderance of the sulfur atoms responsible for the cross-
linking in the network. In general, bread flours are high in
gluten while cake flours are low. Kneading promotes the
formation of gluten strands and cross-links, so a baked product
is chewier in proportion to how much the dough is worked.
Increased wetness of the dough also enhances gluten
development. Shortening inhibits formation of cross-links, so it
is used, along with diminished water and minimal working,
when a tender and flaky product, such as pie crust, is desired.
Several attempts have been made to develop gluten-free
yeast breads. Wheat starch has often been used as a wheat
flour replacement [5,6]. Proteases have been used to
hydrolyze the small percentage of protein left attached to
starch [7]. However, many individuals are so sensitive to
gluten’s gliadin fraction that they cannot tolerate even very
small amounts of gliadin [8]. The World Health Organization
states that gluten-free foods should contain less than 1 mg
gliadin per 100-g product. Non-wheat cereal products can
alternatively be used in breadmaking. Rice flour is useful since
it lacks gluten and contains low levels of sodium and a high
amount of easily digested carbohydrates, making it desirable in
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celiac diets [9,10,11]. Corn and tapioca starches may also be
consumed by those with celiac disease, but they cause
technological difficulties in breadmaking and impart unusual
taste to bread. Gums, replacing gluten in bread formulations,
also offer substantial technological improvements [7,12].

In general, gluten free bread mixtures do not have the
same texture as wheat flour dough. These mixtures cannot
hold the carbon dioxide gas produced by yeast. Bicarbonate of
soda and tartaric acid still need to be added to the mixture to
help it rise. Gluten free breads will seem drier, harder and have
a darker texture than wheat bread. Yet, they have excellent
nutritional value and can offer a variety of flavours.

To produce gluten-free bread the replacement of that
chemical entity is based on the research of other flours such as
corn, rice, potato starch, soybean flour and arrowroot, cassava
and tapioca [13,14]. Nevertheless, the supplement of dough
without gluten additives is difficult, because its structure is
weaker than the normal dough of wheat and, additionally,
supplements can easily destroy it [14]. Some studies suggest
that the easiest way to use a supplement in bread dough to
ensure that the viscoelastic properties are maintained is the
use of hydrocolloids [14].

This work aimed to develop and characterize gluten-free
bread produced with flours of corn, tapioca and rice and
applying the hydrocolloid seaweed agar-agar (E4os) which is a
thickeners and gelling agent [15].

Materials and Methods

Bread with gluten was produced adding 1 kg of wheat
flour (Continente Tes), 2% salt and 70% water. The dough was
kneaded in a mixer (Santos) for 15 minutes, being the yeast
(4%, from Continente) incorporated in the last 5 minutes. After
mixing, the dough was putted on a board, previously dusted
with flour, in an oven (Rekena Flektro-Proof) at 35°C for 15
minutes. After removal from the oven, the dough was handled
and divided into parts, which were again placed on trays
dusted with flour and placed in an oven at 35°C for 45 minutes.
A final shape was therefore given to the mass, being putted
into a rectangular shape and moistened by sprinkling water.
After being in the oven, at 230°C for 30 minutes, it was
unmold.

For the gluten-free bread, to define the degree of
hydration of the mixture of maize, rice and tapioca flours (1:1:1,
wiwiw), the moisture was measured in a sample of 10 g with a
moisture meter OHAUS MB200, being establish 11.4% water.
Thereafter, following [16], the hydration coefficient of the
mixture was determined using a farinograph Brabender OHG
DUISBURG being obtained the value of 78.5%. The flour
mixture was therefore mixed with 2% salt and 78.5% water
(added in in two parts). The kneading was made as to whether
the bread with gluten, but 0.5% agar-agar seaweed (SEARA)
and the yeast was added in the last 10 and 5 minutes of
beating, respectively. After mixing the dough was putted on a
board, previously greased with butter and sprinkled with corn
flour, in the oven at 35°C for 30 minutes. Thereafter the dough
was turned and placed again at 35°C for 45 minutes. The
mass was further therefore moistened with sprinkling water
and, after being in the oven at 230°C for 30 minutes, it was
unmold.

The bread moisture followed [17]. The pH was determined
by potentiometry using the electrode penetration (Metrohm,
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Switzerland). The colour analysis of the crust and crumb was
carried out using the colorimeter Minolta CR-300 (Minolta,
Osaka, Japan) and considered the parameters L*, a*, and b*.
The L* scale ranges from 0 black to 100 white; the a* scale
extends from a negative value (green hue) to a positive value
(red hue); and the b* scale ranges from negative blue to
positive yellow.

The toughness and the force of penetration and cutting
was carried out using a Texture Analyser Model TAHD (Stable
Micro Systems, Godalming, UK), in bread slices of 25 mm
thickness. A cylindrical probe of 20 mm diameter was applied
for the test of penetrometry and a trial probe for cutting, with
distance of 10 mm (40% of slice thickness) and velocity 1.7
mm/s [18].

For sensory analysis quantitative descriptive and hedonic
tests were performed. Through the quantitative descriptive
analysis the products were characterized by a selected and
trained panel, in accordance with requirements listed in
[19,20]. The expert panellists had: experience in the
recognition of basic tastes, good health without oral or nasal
infections, and did not wear dentures or orthodontic
appliances; had normal appetite; demonstrated ability to
replicate trials; had good sensory memory; did not have an
aversion to bread. By the hedonic tests the products were
qualified to obtain the degree of appreciation by the judging
panel. Both tests were performed in test rooms according to
[21], with 12 and 16 panelists, respectively. The proof sheet
contained a list of sensory descriptors (crust and crumb color,
characteristic aroma and taste, crust firmless, moisture,
adhesiveness, crum softness and breakdown, persistence,
residual taste and global evaluation).

For sensory analysis hedonic tests were performed to
obtain the degree of appreciation by the judging panel of 30
panellists, with a 9 points scale. The sensory quantitative
descriptive analysis was performed in a linear, unstructured,
with 10 cm, anchored at both ends with the words none and
very strong, with 12 trained panellists [22,23].

Statistical analysis was carried out with STATISTICA 6.0
software Copyright StatSoft, Inc. with comparison of means
and standard deviations in the ANOVA and analysis of
variance according to the Scheffé test (p <0.05).

Results and Discussion

Hydrocolloids are widely used in the bakery industry to
impart texture and appearance properties to cereal-based
foods. The improving effect of several hydrocolloids on bread
based on gluten-free formulations [24,25], as well as on wheat
flour breads [25-29] has been reported. In this context,
although gluten present in wheat-containing bread slows the
movement of water [30], the slightly higher value of the
moisture found in gluten-free bread (Table 1) can be attributed
to the water retention properties of hydrocolloids, because of
their hydrophilic nature. Moreover, the pH of bread with gluten
remained 8.22% higher than the gluten-free bread (Table 1),
which might have affected the colour and firmness
characteristics of the different bread types.

Considering the colour of the crust (Table 1), parameter
a* indicated that the samples were near the center of the
red/green axis, somewhat tending to red, while parameter b*
showed that the samples highlight the brownish yellow.
Regarding the brightness, it was found that both bread types
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had a light tint, but the gluten-free bread remained more clear
because the value of the L* parameter 10.66% higher. Within
this process, the lower L* values in the crust of bread with
gluten were expected due to Maillard browning and
carmelisation, which are influenced by the distribution of water
and the reaction of reducing sugars and amino acids [31]. In
the crumb (Table 1), parameter a* was significantly lower in
gluten-free bread (about 96%) and indicated that the samples
were close to the axis red/green, but with a slight tendence for
the green color. The parameter b* highlighted the yellow
crumb, showing a 1.74 fold higher value in the gluten-free
bread. Although the L* parameter displayed a significantly
lower value in gluten-free bread, both bread types revealed a
high brightness.

The toughness and force of penetration and cutting
remained consistently higher in gluten-free bread (Table 1).
This effect was similar to previous reports [32] about the
increasing crumb hardness in gluten-free breads. This pattern
eventually resulted of the interaction between the hydrocolloid
agar-agar seaweed on starch gel structure and the developing
mechanical properties [33]. Accordingly, the overall effect on
the mechanical properties of the gluten-free bread structure
might have determined that rigidity increased as a

consequence of the diminishing swelling of the starch granules
and the reduced amylose leaching from the granules.
Additionally, the weakening effect on the composite starch
network structure, due to the inhibition of interparticle contacts
among swollen granules, reinforced that effect.

To ensure that gluten-free bread is acceptable, products
with baked and sensory characteristics similar to those of
wheat flour yeast bread are needed. In this context, the
sensory evaluation of the fresh bread using the hedonic scale
revealed that the panellists prefered bread with gluten, since
only the firmness of the crust had a higher rate (Table 2) in
gluten-free bread. Nevertheless, the gluten-free formulation
was considered acceptable, since received scores much
higher than 5 ranging from 6.1 to 7.1.

The quantitative descriptive analysis did not reveal a clear
pattern (Table 2). The evaluation of moisture and
adhesiveness in gluten-free bread had a higher rate, but the
opposite occurred for the others parameters. Nevertheless, the
overall assessment revealed that the bread with gluten had a
greater acceptance by consumers, but the gluten-free bread
prepared was considered nice in the opinion of the penallists.

Table 1. Physical, chemical and rheological analysis of bread with and without gluten. Means in the same row marked with different letters are
significantly different (P < 0.05, n = 3, Scheffé test)

Parameters Bread with gluten Gluten-free bread
pH 6.51 +0.002 6.01 +0.01b
Moisture % (m/m) 39.6 +0.01° 40.2 +0.012
Colour of the crust

ar 4.61 +4.392 1.06 +1.983

b* 28.81 +3.802 33.13+3.192

L* 63.70 + 5.14> 70.49 + 1.442
Colour of the crumb

ar 224 +0.132 -4.39 +0.07°

b* 17.28 +0.320 30.13 +0.822

L* 71.85+0.922 67.81+1.13°
Penetration

Toughness (N.mm) 27.32+2.27° 221.77 + 45.262

Force (N) 5.79 +0.51° 34.83 +5.122
Cutting

Toughness (N.mm) 23.27 +5.30° 73.08 +30.202

Force (N) 520+1.17 15.34 + 6.162

Table 2. Mean values of the sensory evaluation through hedonic and quantitative descriptive tests by with 12 and 16 panelists, respectively. The
linear scale was used, with 10 cm, anchored at both ends with the words none and very strong.

Tests Bread with gluten Gluten-free bread

Hedonic
Crust colour 75 7.1
Crum colour 75 6.7
Characteristic aroma 7.2 6.3
Characteristic taste 7.0 6.1
Crust firmness 6.7 7.0
Global evaluation 74 6.9

Quantitative descriptive
Moisture 3.9 51
Adhesiveness 25 49
Crum softness 75 7.2
Crum breakdown 4.1 2.8
Persistence 51 4.6
Residual taste 4.0 3.4
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Conclusion

A greater awareness and improved reliability of diagnostic
procedures has recently highlighted the prevalence of coeliac
disease. Lifelong adherence to a gluten-free diet remains the
cornerstone treatment for the disease. However, gluten is a
major component of wheat flour, and its replacement in bakery
products is a significant technological challenge. The use of
rice, corn and tapioca flours applying the seaweed agar-agar
hydrocolloid can be used as a matrix to mimic gluten in the
manufacture of gluten-free bakery products, due to their
structure-building and water binding properties.
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