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Abstract In this research, the effects of a low mixing
temperature on dough rheology and the quality of bread
were investigated. In the experiments, strong flour
samples (Type 550), 1.5% salt, 3% of yeast and 1%
additive mixture were used and dough samples were
mixed at 17 �C (low temperature), 23 �C (control) and
30 �C (high temperature). Five different periods (0, 30,
60, 90 and 120 min) were applied at the bulk fermentation
stage. At the final proofing stage, the dough was
fermented until it reached a constant height. It was
determined that almost every bread from dough samples
mixed at 17 �C resulted in not only the highest bread
volume and bread weight, but also the best texture,
elasticity and crumb structure. The results of dough
samples mixed at 23 �C were worse than those of dough
samples mixed at 17 �C. The worst results were obtained
from dough samples mixed at 30 �C (high temperature).
As a result, it may be concluded that the quality of bread
from dough samples mixed at low temperature (17 �C) is
superior to those from dough samples mixed at the higher
temperatures. Besides these findings, it may also be stated
that prolonging the period of bulk fermentation in dough
samples mixed at 17 �C positively develops baking
performances.

Keywords Dough · Dough mixing · Dough mixing
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Introduction

In breadmaking, the physical properties of the dough
determine the quality of the finished product. The
procedure in which wheat flour, salt, yeast and bread
additives are treated to produce a homogeneous mixture is
called dough mixing. Gluten is the main factor defining

dough rheology, and since the dough mixing stage
influences gluten development, it is thus a component
of the chief factor in dough formation. Dough develop-
ment during mixing is the phase of the breadmaking
process where gluten functionality is critical. Gluten
affects bread volume due to its CO2 retention ability [1,
2].

The dough mixing process in breadmaking has the
further important objective of physically developing the
gluten proteins into a coherent three-dimensional struc-
ture that will impart to the dough the desired degree of
plasticity, elasticity and viscosity [3]. As mixing pro-
ceeds, the initial incoherent dough mass develops visco-
elastic properties [2].

It is an important factor in breadmaking that dough
temperature should be kept under control during dough
mixing [4]. The aim of this research was to investigate the
effects of a low mixing temperature on dough rheology
and bread properties.

Materials and methods

Materials. A strong flour (Type 550) was used in the experiments,
and a commercial additive mixture including wheat flour, soy
wheat without oil, ascorbic acid, emulsifier, and fungal amylase
mixture. A 1% additive mixture was used in dough composition,
this proportion being determined by pre-experiment. Salt (1.5%),
and compressed yeast (3%) were also added to the dough.

Methods. Flour sample were analyzed for moisture percentages by
the ICC standard method no. 110 [5], and the crude ash contents of
flour samples were determined by the ICC standard method no. 104
[6]. For protein determination, flour samples were analyzed for
nitrogen percentage by the ICC Standard Method No: 105 [7], and
this was used to compute protein content (N%�5.7).

The wet gluten contents of flour samples were determined by
the ICC standard method no. 106 [8], and the Zeleny sedimentation
test was carried out according to the ICC standard method no. 116
[9]. The falling number was carried out according to the ICC
standard method no. 107 [10]. The farinograph test was determined
according to the ICC standard method no. 115 [11], and the curves
printed were evaluated according to Bloksma [12]. The extenso-
graph test was determined according to the ICC standard method
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no. 114 [13], and the curves printed were evaluated according to
Bloksma [12].

In this research, bread samples were prepared according to the
breadmaking method used at the Pakmaya Bakery Research
Institution (İzmit, Turkey). End of mixing temperatures of dough
samples were 17 �C (low temperature), 23 �C (control) and 30 �C
(high temperature). Five different bulk fermentation periods (0, 30,
60, 90, and 120 min) were tried. Bulk fermentation temperatures
were the same as mixing temperatures. After the dough samples
had been shaped, they were subjected to final proofing at 30 �C
until they reached constant height (13 cm).

In all experiments 4,000€1 g flour was weighed. Before mixing,
the flour was put in the mixer, and then the additive mixture (1%)
was added. It was mixed for 1 min until the mixture of flour and the
additive mix became homogeneous. Then the mixing was started
and 3% less water was added according to farinograph values,
which were obtained from water absorption experiment results. The
dough was mixed for 15 min. The salt was added in the last 5 min
of the mixing process and yeast was added to the dough, by
crumbling it, and sprinkling it on, in the last 3 min. These
appropriate adding times for salt and yeast were determined by pre-
experiments. The mixing process was done with a spiral mixing
apparatus (108 rpm). After mixing, five different periods (0, 30,60,
90, and 120 min) were applied in the first fermentation stage. In the
first fermentation stage, the dough was fermented in a fermentation
room, which had temperature-adjusting features. After the first
fermentation ended, the dough was cut (300€0.5 g) and rounded.
After waiting for 5 min, it was deposited in baking pans of
dimensions 10�14.5�10 cm (width�length�height), and the room
conditions were adjusted to 30 �C and 80% moisture. In the final
proofing, the dough was fermented until it reached 13 cm height.
When the dough reached 13 cm height, the times were recorded and
the dough was baked for 30 min at 215€5 �C in an oven with
vapour injection.

After 2 h, the baked bread samples were weighed, and volumes
were measured after waiting an extra 30 min. The internal
properties of the bread were determined 3 h after they were taken
out of the oven. The quality of the bread was evaluated using the
method of Pelshenke et al. [14]. After that, cross-section and
external appearance photographs of bread samples were taken and
photocopied.

Results and discussion

Chemical and technological properties of flour

The chemical and technological properties of flour are
given in Table 1. Both quality of gluten and amount of
protein and gluten were accurately determined.

It has long been known that an increase in the protein
content of flour increases the bread volume. It has been
proven that bread protein content increases between 8%
and 20% with increasing flour protein [15]. Dong et al.
[16] found that there is a close relationship between flour
protein proportion and bread volume and water absorption
value.

In another study, it was found that farinograph stability
and extensograph resistance of doughs with low protein
(11.8%) and low gluten quantity (29.8%) was lower than
the dough with the higher protein (14.2%) and gluten
quantity (31.7%) [17].

Farinograph properties

Farinograph results obtained according to different dough
mixing temperatures are given in Table 2. As the dough
mixing temperature decreased, the rate of water absorp-
tion increased. The same results were determined in
development time, stability and valorimeter degree.

With falling dough temperature, the dough became
harder and firmer, and so reached a higher water
absorption value. This caused an increase in the loaf
volume, specific loaf volume, bread weight and dallman
value (Table 2).

In general, high water absorption means good baking
performance. It is considered that high protein quantity
provides both high water absorption and good baking
performance. The relationship between, water absorption
and bread properties has been explained [18].

According to Campos et al. [19], dough development
was influenced by composition and quality of flour,
moisture and dough temperature. In another study, it was
reported that rising water absorption delays the dough
development [20]. As shown in Table 2, our results are
similar to those obtained by Okada et al. [20].

Industrial studies and laboratory findings have found
that in order to obtain the best quality bread, it is
necessary to mix the dough until it reaches a suitable
consistency. Although important rheological changes
occur at different stages of dough mixing, there is little
research on these changes [21]. In another study, it was

Table 1 Chemical and techno-
logical properties of flour sam-
ple (type 550)

Moisture
%

Asha

%
Proteina

N%�5.7
Wet gluten
%

Sedimentation
value
ml

Falling
number
s

Flour 13.5 0.49 11.91 30.5 34 365

a Based on dry matter

Table 2 The effect of different mixing temperatures of dough on farinograph properties

Mixing temperature
�C

Water absorption
%

Development time
min

Stability
min

Softening
degree (BU)

Valorimeter
Degree

17 66.5 7.1 9.0 80 63
23 63.5 6.3 8.2 85 61
30 60.5 2.2 5.3 90 48
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found that the bread produced from insufficient and
undeveloped dough was of poor quality. In the same
study, it was determined that prolonging the dough
mixing period caused low loaf volume [22].

As the dough mixing temperature was decreased,
stability increased which was related to the ability to
process dough. This explained the changes in loaf
volume, specific loaf volume and dallman value. It was
clearly observed that with the increase in stability values,
bread properties also improved (Table 2).

Extensograph properties

Extensograph results obtained according to the different
dough mixing temperatures are given in Table 3. The
highest maximum resistance (Rm) was determined at 17 �C
mixing temperature. It was found that the maximum
resistance (Rm) systematically increased with the decrease
in mixing temperature.

The increase in the volume of the dough mass is
related mainly to viscoelasticity, because appropriate
viscoelasticity for retaining the CO2 produced in the
fermentation stage is a necessity. The dough viscoelas-
ticity is generally explained by the continuous protein
phase [23]. The dough extensibility (E) must be sufficient
and its resistance to extension must be between certain
values [1].

Rheology investigates the elasticity and viscosity of
the dough. The viscoelastic properties of dough affect the
processing of dough and the texture properties of bread.
Dough must have both the properties of a viscous fluid
and those of an elastic solid, and must have viscoelastic
texture [24].

The energy value (A) gives information about the
strength of the flour and bread properties. Energy values
of dough samples mixed at low temperature were found to
be higher than those mixed at higher temperatures. With
decreasing dough temperature, ratio numbers (Rm/E)
increased (Table 3).

Breadmaking results

The results of the breadmaking trials are given in Table 4.
The weights of bread obtained from dough mixed at 17 �C
and 23 �C were found to be similar, but those of dough
mixed at 30 �C were lower.

The highest loaf volume was determined in the bread
made of the dough which was mixed at 17 �C, bulk-
fermented for 120 min and subjected to 115 min final
proofing. The lowest loaf volume, specific loaf volume
and dallman value were obtained from the bread made of
the dough which was mixed at 30 �C, bulk-fermented for
120 min and subjected to 88 min final proofing. The
highest dallman value was obtained from the bread made
of the dough mixed at 17 �C, bulk-fermented for 60 min
and subjected to 119 min final proofing (Table 4).

As bulk fermentation periods were increased, specific
loaf volumes of bread made of dough samples mixed at
17 �C and 23 �C also increased, yet the opposite was
observed with the dough samples mixed at 30 �C
(Table 4).

It is an important factor in breadmaking that dough
temperature should be kept under control during dough
mixing [4]. In research on mixing, dough samples were
prepared at 22 �C, 26 �C, 30 �C and 33 �C. Fermentation

Table 4 The effect of different
dough mixing temperatures on
bread properties

Mixing
temperature
�C

Bulk
fermentation
period
min

Final
proofing
period
min

Bread
weight
g/100 g
flour

Loaf
volume
cm3/100 g
flour

Specific
loaf volume
cm3/g

Dallman
value

17 0 137 138 857 6.2 308
30 133 137 878 6.4 316
60 119 136 901 6.6 360
90 119 136 909 6.7 329

120 115 137 926 6.8 330

23 0 130 136 831 6.1 329
30 116 136 845 6.2 303
60 107 137 870 6.4 347
90 107 135 886 6.6 354

120 102 137 890 6.5 351

30 0 116 133 833 6.3 267
30 104 133 809 6.1 259
60 97 133 765 5.7 238
90 87 133 757 5.7 202

120 88 135 750 5.6 173

Table 3 The effect of different mixing temperatures on extenso-
graph properties of dough. (Values at 135 min. Rm Maximum
resistance, E extensibility, A energy value)

Mixing temperature
�C

R5
BU

Rm
BU

E
mm

A
cm2

Rm/E
BU/mm

17 470 640 147 122 4.4
23 500 630 152 126 4.1
30 400 470 143 92.2 3.3
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temperatures were close to temperatures of dough mixing.
The bread obtained from the dough mixed at 22 �C, bulk-
fermented for 45 min at 25 �C and subjected to 50 min
final proofing at 33 �C had the longest shelf life. In
addition to that, the crumb of this sample was softer than
the others [25].

In our research, as the bulk fermentation periods
increased, the final proofing periods decreased. The final
proofing periods are given in Table 4. The longest final
proofing period was determined in dough mixed at 17 �C
and zero-time (0 min) bulk fermentation. The shortest
final proofing periods were obtained in dough samples
mixed at 30 �C and subjected to 90 and 120 min bulk
fermentation.

In research done by El-Dash [26], dough samples were
fermented for different fermentation periods (60–
135 min). As the fermentation periods were increased,
an increase in bread volumes was determined. Besides
this, it was found that internal and external properties of
breads fermented for 105 min were the best. On the other
hand, when the fermentation periods were excessively
prolonged, the quality of bread reduced. In respect of
these results, the researcher suggested that the most
suitable fermentation period was 105 min.

Cross-section and external appearances of bread sam-
ples which were bulk-fermented for 120 min are given in
Fig. 1. The crumb cell structure of samples subjected to
120 min bulk fermentation is given in Fig. 2. The best cell
structure was obtained in bread mixed at 23 �C, and the
worst in bread mixed at 30 �C.

When the effects of the mixing temperatures on bread
properties were evaluated, the best results were obtained
in dough sample mixed at 17 �C and subjected to 120 min
bulk fermentation. Prolonging the bulk fermentation
period increased the loaf volume. However, when the
bulk fermentation period was longer than 60 min in dough
samples mixed at 23 �C, loaf volume decreased.

To conclude, because the low mixing temperatures
improve bread properties, dough should be mixed at 17 �C
when strong flour is used. Related to the results achieved
in this research, it may be suggested that, especially in hot

Fig. 2 Crumb cell structures of
bread samples subjected to
120 min bulk fermentation

Fig. 1 Cross-section and external appearances of bread samples
subjected to 120 min bulk fermentation
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seasons and in those regions with a warm climate, that
low-mixing temperature will have a positive affect on the
quality of bread and dough.
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