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Abstract

Bread fermentation is one of the most important steps in breadmaking. In straight dough method fermentation stage is realized
after dough mixing; while in pre-fermented method, part of ingredients is mixed and rested for some hours in order to pre-
ferment. This second method is well known to produce breads with improved properties, however no studies related to the
production of composite bread using pre-fermented dough method can be found in the literature. Therefore, the objective of this
study was to verify the effect of pre-fermented dough process method on a composite bread properties. Control breads (wheat
bread) and green-banana-wheat bread were produced by straight and pre-fermented dough method. Breads were evaluated
in relation to local water content, water loss, color parameters, specific volume, crumb porosity and texture profile analyses.
Pre-fermented breads presented significantly higher specific volume in relation to straight breads. Similarly, pre-fermented
method give breads with lower values of water loss, and lower levels of darkening. All of this could contributed to the better
crumb texture properties of pre-fermented breads in relation to straight dough method. Therefore, it could be concluded that
pre-fermentation dough method improved the technological properties of composite bread, representing an important strategy
to be more explored.

Keywords: technological properties; texture; specific volume; water loss.

Practical Application: The results showed in this study will be useful for food industry as well as bakeries, and local entrepreneurs.
Results showed that composite-wheat bread could be produced with more interesting results by using pre-fermented dough

method process.

1 Introduction

Cereal fermentation is one of the oldest biotechnological
processes used, once the production of bread and beer have
been reported since primordial periods (Poutanen et al., 2009).
For bread production, the dough fermentation has been made by
allowing the dough be fermented naturally by the microorganisms
present in the grains, during relatively longer times.

In order to reduce the period of bread production straight
dough method has been the most simple and used breadmaking
method (Delcour & Hoseney, 2010). In this method all
formula ingredients are mixed together, in order to develop the
dough, and then rested, divided, fermented and finally baked.
Most of bread researches papers used straight dough method
(Alcintara et al., 2020b; Barcenas et al., 2004; Bredariol et al., 2019;
Carr etal., 2006; Datta et al., 2007; Purlis, 2010; Ureta et al., 2018;
Wagner et al., 2008).

However, bread production has been also influenced by
cultural differences. In North America the most predominant
commercial breadmaking is the sponge dough method
(Delcour & Hoseney, 2010), or pre-fermented dough method,
while in France sourdough breadmaking or “pain au levain” is
largely produced. Both methods are characterized by longer
fermentation times in relation to straight dough method, while
sponge dough method has largely industrial use.

Pre-fermented dough method is characterized by a pre-
fermentation step, where part of the flour, as well as part of the water
and yeast are mixed, and the developed dough rest up to 5 hours,
developing a sponge like structure (Delcour & Hoseney, 2010).
After this pre-fermentation period, the remaining ingredients
are mixed into the “sponge” in order to produce the final dough.
In general, sponge dough method produces bread with better
aroma and flavor, higher volume, and better crumb texture
properties (Delcour & Hoseney, 2010; Katina et al., 2005;
Poutanen et al., 2009). Furthermore, the process is more flexible,
once the sponge can be fermented for longer times in order to
accommodate process troubles, besides to accept more flour
varieties, without larger variations in final bread properties and
quality. Besides these aspects, the longer fermentation result in
amore acidic dough, which has been shown to be very useful to
improve the texture and palatability of products rich in fibers,
and also the stabilization or improving the levels of bioactive
compounds (Katina et al., 2005). Thus, the use of pre-fermented
dough method could be an interesting strategy for bread
production using composite flours. However, no comparative
studies, or even using pre-fermented dough method, are available
in the literature for the development of composite wheat bread.
Furthermore, a scarce number of comparative studies published
have focused in conventional wheat breads (Amr & Ajo, 2005;
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Baasandorj et al., 2020; Gassenmeier & Schieberle, 1995), instead
of composite breads. Especially, no study has been performed
to compare straight and pre-fermented dough method, i.e.,
combining different fermentation conditions, the evaluation
of composite breads.

Different composite flours have been used for the production
of composite wheat breads, as well as rice (Alcantara et al., 20204a;
Sciarini et al., 2010; Tuncel et al., 2014), corn (Alcantara et al., 2020a;
Loépez et al,, 2004; Gujral & Pathak, 2002; Gularte & Rosell,
2011), cassava (Shittu et al., 2007), and green-banana
(Alcantara et al., 2020a, b; Ho et al., 2013,2014). A recent study
using different composite flours evaluated the effect of different
flours and its concentration on local dough properties during
bread baking and between the evaluated flours concluded that
green banana flour represents one of the flours that most modify
the dough properties (Alcantara et al., 2020a). Therefore, it
could be supposed that green banana flour represents a key
strategy to evaluate the effect of pre-fermented dough method
on the development of composite wheat bread. Furthermore, if
a considerable number of studies already reported the use the of
green-banana flour for the development of composite wheat breads
(Alcantara et al., 2020a, b; Aziah et al., 2012; Faisant et al., 1995;
Juarez-Garcia et al., 2006), none of those studies evaluated the
effect of dough method on final bread properties.

Therefore, the aim of this study was to evaluate the effect
of pre-fermented dough process method on a composite bread
properties using green banana and wheat flour Consequently, this
study will allow predicting how the use of the pre-fermented method
may or may not be useful in the production of composite breads.

2 Material and methods

2.1 Materials

Materials used were: wheat flour (Bunge Suprema, Brazil)
(11.2 g of water/100 g flour, 14.7 g of protein/100 g dry matter
(DM), 0.6 g of ash/100 g DM, 1.2 g of fat/100 g DM), green
banana flour (Zona Cerealista, Brazil) (5.1 g of water/100 g
flour, 7.8 g of protein/100 g dry matter (DM), 6.3 g of ash/100 g
DM, 1.1 g of fat/100 g DM) salt (Cisne, Brazil), improver (S500
Puratos, Brazil, composed by a mix of corn starch xylanase,
emulsifier polysorbate 80 and estearoil-2-lactil lactate to sodium,
ascorbic acid, azodicarbonamide and a-amylase) and fresh yeast
(Fleischmann, Brazil), all them acquired on local commerce.

2.2 Methods
Bread production

Straight dough method

Straight dough bread was produced according to the methodology
described by Bredariol et al., 2019), with some adaptations. Control
breads were prepared using a dough formulation composed of
wheat flour (1500 g), water (900 g), salt (30 g), fresh biological
yeast (30 g), and improver (15 g). The ingredients were mixed
(FAMAG Brazil), at low speed, for 18 minutes. After this, the

dough was placed to rest for 10 minutes at room temperature
and then divided into portions of 150 g and placed to rest for
another 15 minutes. After the 15 minute period, the portions were
modeled using a modeler (MP500, Pratica, Brazil). Breads were
then fermented (Klimaquip, brazil) at 35 °C and 85% of relative
humidity, until reaches 3.5 times its initial volume (approximately
1 hour). Breads were baked at 200 °C during 14 minutes. Breads
produced with green banana flour were produced in a similar
way, considering just that wheat flour was substituted by 10% of
green banana flour. The concentration of green-banana flour was
choose considering previous literature (Alcintara et al., 2020a,
b; Aziah et al., 2012; Tribess et al., 2009). Bread formulations
were produced in triplicate, and for each triplicate three different
breads were taken for bread analyses properties.

Pre-fermented dough method

Pre-fermented dough method followed the methodology
described by Gassenmeier & Schieberle (1995) with some
modifications. The sponge was prepared with wheat flour (450 g),
water (450 g) and fresh biological yeast (1.2 g). This ingredients
were mixed manually and then leave to rest for 24 hours at
room temperature. After this fermentation, the sponge was
added with the remaining wheat flour (1050 g), water (450 g),
yeast (28.8 g), in addition to salt (30 g) and improver (15 g).
The rest of the production followed the same methodology
as the breads produced by the straight dough method. Again,
breads produced with green banana flour were produced in a
similar way, considering just that wheat flour was substituted by
10% of green banana flour. Similarly, bread formulations were
produced in triplicate, and for each triplicate three different
breads were taken for bread analyses properties.

Bread characterization

Water loss during baking and water content

Doughs were weighed before and after baking in order to
determine the water loss during baking. The local water content
for crumb and crust were also determined, from placing samples
at 105 °C for 24h (Bredariol et al., 2019).

Volume and specific volume

One hour after the end of baking, the volume of the bread
was evaluated using the VolScan equipment, and the specific
volume was calculated by the ratio between the volume and
the mass of the baked bread (m®.g") (Barcenas & Rosell, 2006).

Crumb porosity

The porosity of the bread crumb, at the end of the baking
process (also after one hour), was evaluated using a digital image
analysis system according to Crowley et al. (2000). Images of
the central slice of the bread were captured using a Hewlett
Packard flatbed scanner (HP ScanJet G4050, U.S.A.), and then
scanned at a scale of 256 gray levels of 150 dots per inch (dpi).
The alveolar parameters analyzed were: area (mm?), average
perimeter (mm) and void fraction (%).

Food Sci. Technol, Campinas, v42, 64420, 2022



Original Article

Luiz; Vanin

Color parameters

The color parameters chroma a*, chroma b* and luminosity
(L*) of the bread crust were evaluated using a Miniscan XE
colorimeter (HunterLab). To determine the parameters chroma
a*, chroma b* and L* the reading was performed in triplicate.
The total color difference (E*) were calculated by the mean
values of color parameters L*, a* and b*, between the two dough
methodologies used (Purlis & Salvadori, 2007).

Texture profile analysis

At the end of the baking process, the texture parameters
were determined through the texture profile analysis (TPA) of
the crumb, using a TA-XT2i texturometer (Stable Microsystems,
Surrey, UK) (P/25 probe) (Bércenas & Rosell, 2006). Through this
analysis, the following parameters were determined: hardness,
elasticity, cohesiveness, and chewiness.

Statistical analyses

Statistical analysis was performed using SAS software (Version
9.2,SAS, Inc.). Differences between means were determined by
Duncan’s test (95% confidence interval).

3 Results

All produced breads presented visually good aspects. In general,
straight dough presented visually more denser, thicker, with more
difficulty to handle than that produced by pre-fermented method.
Pre-fermented dough is mixed and fermented for longer time,
which probably allowed a more hydrated and aerated dough in
comparison to straight dough. It could be supposed that due to

longer mixing and fermentation time gluten development could
achieve greater levels of relaxation, which in turn enhanced
dough extensibility.

In order to compare the results, control breads (produced
with only wheat flour) were entitled wheat bread (WB), and
breads with 10% of green banana flour and wheat flour, green-
banana-wheat bread (GBWB). Figure 1 present images of WB and
GBWB produced by straight and pre-fermented dough method.

3.1 Water content and water loss

The water content of the different dough bread, just before
baking, not showed any significant difference, either due to
the difference in the production method used (straight or
pre-fermented), and also due to the replacement of wheat
flour by green banana flour (Table 1). Likewise, no significant
difference in the crumb water content between the different
breads evaluated were observed. On the other hand, the water
content of bread crusts of GBWB were higher when compared
to WB. No significant difference on the crumb water content of
GBWT, independent on the dough methods used, was observed.

In relation to bread water loss during baking (Table 1),
GBWSB presented significantly lower water loss during baking in
comparison to control breads (WB). In relation to bread method
production, breads produced by straight method presented lower
water loss during baking. This results are in agreement with
those reported by Amr & Ajo (2005). These authors producing
flat bread with only wheat flour by straight and pre-fermented
method, related significantly lower moisture content for breads
produced by the straight method.

(*al) (*al)

(*bl) (*b2)

Figure 1. Photos and scanner (*) images of breads produced: (a) wheat bread (control bread), (b) green-banana-wheat bread, using straight (1)

or pre-fermented dough method (2).
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3.2 Color parameters

In general, dough production method not significantly affect
crumb and crust color parameters of breads (Table 2). However,
the L*, the luminosity of crumb and crust bread, significantly
decreased when breads were produced by pre-fermented dough
method. This result could be related to the higher water loss of
these breads, as observed in Table 1. The total color difference
(E*) calculated evidenced that crust color of control breads,
made with only wheat flour, were higher affected by dough
production method, in comparison to green banana breads.
For crumb, E* calculated for both bread types were, in general,
similar. Baasandorj et al. (2020) observed no variation in color
parameters of flat breads produced by the same the methods.
No other studies were found in the literature for color bread
observation in function of different dough methods of production.
Besides, GBWB presented lower values of L*, which could be
related to the brown color of green banana flour.

3.3 Specific volume

In relation to the specific volume (Figure 2), as expected the
substitution of wheat flour by 10% of green banana flour resulted
in a significant reduction of the specific volume compared to
the control bread (WB). However, when GBWB were produced
by pre-fermented method the specific volume was significantly
higher when compared to these produced by straight dough
method. Similarly, for WB a significant higher specific volume
compared to breads produced by direct method was also verified.

Baasandorj etal. (2020) and Amr & Ajo (2005) also observed
higher specific volume for WB produced by pre-fermented
dough (or sponge dough).

In WB the gluten network, composed by gliadin and glutenin
protein, contribute to the viscosity and elasticity of the dough,
which in turn favorize the gas retention produced by the yeast,
resulting in a bread with greater volume. GBWB probably have
a weaker gluten network, since in this case gluten network
could be fragmented by green banana flour components, and

consequently, a lower volume is observed. However, the breads
produced by pre-fermented dough method had significantly
higher specific volume than those produced by straight dough
method. Therefore, it could be supposed that pre-fermentation
step may have favored the stability of the gluten network, even
being weaker when compared to WB.

3.4 Crumb porosity

Table 3 present the results of bread crumb porosity. A higher
average area was observed for WB in comparison with GBWB.
This result is agreement with those reported by Alcantara et al.
(2020a) for breads produced with green-banana and wheat
flour also. Average perimeter and void fraction not presented
significantly effect in function of the different dough method
of production or flours used in bread production.

The void fraction is equivalent to the gas cells present in
the bread crumb. However, it is not possible to state the size of
the cell present in the crumb, since only a portion of the sliced

a

Specific volume (10 -6 m3/g)

Green banana
straight

Control straight Control pre-

fermented

Green banana pre-
fermented

Figure 2. Specific volume of breads produced with wheat flour and green
banana and wheat flour using straight or pre-fermented dough method.
*Different lower case letters indicate a significant difference (p <0.05)
between the means for the different breads evaluated.

Table 1. Local water content and water loss of the different breads evaluated.

Bread Dough (%) Crumb (%) Crust (%) Water loss (%)
Control bread-straight 448 +0.5 4437 + 1.4 11.7 £ 0.4° 18.0+1.1°
Control bread-pre-fermented 448 +0.7° 45.50 0.9 11.9+1.1° 19.6+1.1°
Green banana-straight 448+ 0.4 45.05+1.3* 13.9+1.1° 15.4+0.7¢
Green banana-pre-fermented 44.5+0.9° 4478 £ 1.1° 14.6 £0.9° 16.7 £1.2°

*Different lower case letters in the same column indicate a significant difference (p <0.05) between the means for the different breads evaluated.

Table 2. Color parameter of the crumb and crust of the different breads evaluated.

Crumb Crust
Bread L* a* b* L* a* b*

Control bread-straight 80.2 £ 0.3 2.4+0.2° 21.0+0.3¢ 65.1+0.3¢ 16.1+0.4° 32.6 £ 0.4
Control bread-pre-fermented 78.6 £0.8° 23+£0.2° 19.9 £ 0.4° 60.5 £ 0.5 17.0 £ 0.4° 30.9 £ 0.5
E* 1.92 4.98
Green banana-straight 52.1%0.5° 44+0.1° 16.3+£0.2° 54.5+2.3° 119+ 1.3° 249+1.8
Green banana-pre-fermented 49.8+£0.3° 43+0.2° 16.2+£0.4* 51.6 0.7 11.6 £0.4* 229+0.5°
E* 2.23 3.54

*Different lower case letters indicate in the same column a significant difference (p <0.05) between the means for the different breads evaluated.
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bread has been binarized for analysis and, as a result, larger
cells are more likely to be cut from this image than smaller cell
(Crowley et al., 2000). Examples of crumb images of the different
breads produced are presented in Figure 1. In accordance with
baking test results, significant differences could be observed
between the crumb grain from the different bread, WB and GBWB,
and dough method, straight and pre-fermented. WB presented
higher and more uniform cell than GBWE, which presented
same larger cells and heterogeneity. The occurrence of larger
cells in breads produced by pre-fermented dough method can
be explained by the fact that they present a thicker and harder
crust than breads produced by the straight method, capable to
retain more the gases during fermentation stage. Therefore, it
could be supposed that the denser and harder crust of breads
produced by pre-fermented dough method, difficult the gas
the lost which in turn accumulated at the crumb, favorizing
consequently bigger and non-uniform cell as observed in pre-
fermented crumb images (Figure 1).

3.5 Texture profile analyses

Results of texture profile analyses were presented in Figure 3.
In general, control breads not presented significantly difference
for hardness(Figure 3a), elasticity (Figure 3b), cohesiveness
(Figure 3c) and chewiness (Figure 3d) in function of dough
method production. Furthermore, the results obtained for
control breads were similar to those presented in the literature
for breads produced with only wheat flour (Bredariol et al., 2019;
Ozkaya etal., 2018). Atanother hand, Rézyto (2013) evaluating
the dough method production, observed lower values for
hardness and chewiness of breads produced by pre-fermented
dough method, in comparison with straight dough method.
This differences could be related to wheat flour protein quality
(Baasandorj et al., 2020). In general, wheat flour from Brazil,
applied in this study, presented lower quality in comparison to
flour produced in north hemisphere.

Table 3. Average area, average perimeter and void fraction of bread produced with wheat flour and green banana and wheat flour using straight

or pre-fermented dough method.

Bread Average area (mm?)

Average perimeter (mm) Void fraction (%)

Control bread-straight 0.60 +£0.07°
Control bread-pre-fermented 0.61+£0.08"
Green banana-straight 0.49 +£0.09*
Green banana-pre-fermented 0.47 £0.08°

2.7+ 1.0° 30.75+3.1*
2.1+£0.1° 30.93 £2.8
2.5%£0.7¢ 30.96 £ 1.7¢
2.0x0.2¢ 3224+ 1.7°

*Different lower case letters in the same column indicate a significant difference (p <0.05) between the means for the different breads evaluated.

0.8 1.02
0:7 1.00
N a
77z
= 0.6 + 0.98 a 7
2
& 05
-30 b . 0.96 b
P 0.4 el
a Z 0.94 =
E 03 =
0.92
0.2 . )
0.1 . 0.90
0 0.88
Control straight Control pre- Green banana Green banana pre- Control straight Control pre- Green banana Green banana pre-
fermented straight fermented fermented straight fermented
(a) (b)
0.85 600
2 500
a 7%
0.80 a
%/ 1
/ 400
0.75 / .
b v
Z / i 2 300
] / H
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=]
o / d
0.65 % i %
0.60 /ﬁ 0
Control straight Control pre- Green banana Green banana pre- Control straight Control pre- Green banana Green banana pre-
fermented straight fermented fermented straight fermented
(c) (d)

Figure 3. Crumb hardness (a), elasticity (b), cohesiveness (c) and chewiness (d) of control bread and green-banana-wheat breads produced by

straight or pre-fermented dough method.

*Different lower case letters in the same column indicate a significant difference (p <0.05) between the means for the different breads evaluated.
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At another hand, the texture profile analyses of green-
banana-wheat breads (GBWB) were significantly affect by
dough method production. GBWB produced by pre-fermented
method presented significantly reduced hardness in comparison
to straight method (Figure 3a), making the values more near
of control breads. Similar effect was reported for elasticity of
GBWB (Figure 3b), higher values for pre-fermented breads,
again approaching to the values of control breads. In general,
similar effects were observed for cohesiveness (Figure3c) and
chewiness (Figure 3d).

Bread produced by pre-fermented dough method have higher
fermentation time, as well additional mixing, which bellow longer
dough time hydration and gas cells redistribution, respectively.
Both phenomes contribute to produce a final bread with a
softer texture and finer porosity structure (Delcour & Hoseney,
2010; Hayman et al., 1998). Besides, longer fermentation time
could favorize pH reduction, which in tour enhanced protein
solubility and therefore dough rheology, all of this favorizing
dough structure development. This action supports breads with
more porous, soft crumb, and finer grain when compared to
straight dough method.

4 Conclusion

It could be verified that the use of pre-fermented dough
method can represent an important strategy to be used for the
development of composite bread. The results evidenced that
GBWB produced by pre-fermented method had enhanced
physical properties characteristics, being more near from those
reported by WB.

Besides, the use of pre-fermented method must also be
evaluated in relation to others aspects in special nutritional
aspects, once longer fermentations times have been related
to increase the levels of bioactive compounds, however more
research is needed. In this way, the efficient of this method in
bread production with low starch digestibility and, therefore,
of low glycemic index, merits also be evaluated. Furthermore,
the results evidenced in the present study represents a strategy
to be more used in the development of composite wheat breads
using different flours.
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