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Abstract
Consumption of whole wheat flour is increasing worldwide because of its nutritional
value. However, the flour rheological properties are affected by a high extraction rate
(ER), that have been mentioned for many studies done on a laboratory scale. In the present
study, a high ER flour produced by using a large-scale industrial mill was used to
determine the effect of high ER on the dough rheological properties. The three studied
extraction rates (80%, 85%, and 92%) were achieved by changing the roll adjustments and
adding fine bran. The rheological properties (farinogram, extensiogram, and amylogram
parameters) of the produced flour were determined in addition to some chemical and
physical attributes. The result showed that there were no significant differences between
farinogram parameters except for water absorption, which was increased with increasing
ER. Also, there were no significant differences for extensiogram parameters and
amylogram parameters, as well as for wet gluten and gluten index, protein, and moisture
content. Conversely, for ash content, there were significant differences between the three
flours. For PSD, there were no significant differences between produced flour related to
the large particle size (above 720 and 354 µm). In conclusion, increasing ER of produced
flour up to 92% with adding fine particle size bran had no significant effect on the
rheological properties of the produced flour compared to 80% ER.

1. Introduction

of gluten play a key role in determining baking quality
because of its function (Wieser, 2007). Farinograph is an
Wheat is one of the most important crops in the important device for dough rheological properties such
world, and it is used for human consumption and as development time, water absorption, stability, and
livestock feed (Shewry et al., 2002; Shewry, 2009). degree of softening, which are useful parameters to
Wheat grains consist of 80- 85% endosperm, 13-17% optimize baking quality (Yazar et al., 2016). Measuring
bran, 2-3% germ at dry matter basis (Belderok et al., the extensibility and resistance to deformation of dough
2000). Fibre (the main component of bran) is about 53% can be determined by extensograph device (Di Cagno et
of bran, and it contains cellulose, pentosans, and al., 2002). Flour starch gelatinization, degradation of
polymers of xylose and arabinose. Also, bran contains starch pastes by α-amylase, can be determined by
16% protein, 16% carbohydrates, and 7.2% minerals amylograph and falling number techniques (Perten,
(Šramková et al., 2009). The germ contains 25% protein, 1964).
8-13% lipids, and 4.5% minerals (Cornell, 2012).
Shewry and Hey (2015) mentioned that there is a high
The Grain Board of Iraq (GBI) on behalf of the Iraqi
relationship between the consumption of cereal fibre and government imported 152, 775, 1549 thousand tons of,
reducing the risk of cardiovascular diseases, some in addition to domestic cultivated crops, which were
cancers, and type two diabetes.
3000, 2400, 2306 thousand tons of wheat for 2016, 2017
and 2018 year respectively. The previous huge numbers
Gluten is a unique protein that gives viscoelastic indicate the importance of the wheat crop in the daily
properties to the dough, which is necessary for bread diet of Iraqi people (Data from GBI). The extraction rate
production. The chemical and rheological properties of (ER) of flour produced in Iraqi mills is 80% (Alhendi et
dough are an important issue. Therefore, several al., 2019), which is higher than the common ER flour
instruments have been developed to determine these (71-73%), (Posner and Deyoe, 1986; Hassan et al.,
properties (Kaur et al., 2011). The quality and quantity
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2015). Increasing bran fractions are known to reduce
bread quality due to the lowering of specific volume and
increasing the density of crumb texture. However, for
health reasons, some consumers prefer whole grain
products (Noort et al., 2010). Although many studies
determined the deleterious effects of bran on bread
quality in terms of its functionality, most studies were
done on laboratory scales (Azizi, et al., 2006; Noort et
al., 2010). Therefore, this study aims to determine the
effect of increasing ER on the rheological properties of
flour produced by a large-scale industrial mill. Besides,
this study concerns the effects of adding fine bran
particles produced by an industry mill on the rheological
properties of the produced flour.
2. Materials and methods
2.1 Produced flour
The mill used in the study was Altaji mill (OCRIM
SPA 600 ton/day Cremona-Italy), located 5 km to the
north of Baghdad centre and the real milling capacity
used in this study was 11 ton/h. The wheat used for this
study was mixed with 35% American Red wheat, 35%
Australian wheat, and 30% domestic (Iraqi) wheat. The
grain has been moisturized overnight before milling, and
the desired level of wheat moisture content set up before
by the automatic dampening machine in the mill to
obtain 16.5±0.2%. The mill was adjusted to produce
80% ER flour routinely. Increasing the percentage rate to
85% was made by adjusting the mill rolls (decreasing the
space between the opposite rolls). An extraction rate of
92% was achieved by changing the direction of the fine
bran pipe to the flour production line and re-adjusting the
gap between the rolls (decreasing more). The extraction
rate was calculated by dividing produced flour of each
treatment by the total output (flour + bran) multiplying
by 100.

µm were used to determine the flour particle size
distribution.
2.4 Particle size of bran
Increasing ER is mostly made by adding bran to
flour, bran produced by different mills has different PSD.
Therefore, in order to determine the PSD by different
mills, 10 kg of the moisturized wheat in the industry mill
which was ready to be milled in the milling section have
been taken and subjected (at the same time) to be milled
by two laboratory mills, which were Buhler (Buhler
MCKA 202, Buhler Group Company, Uzwil,
Switzerland) and Quadrmat (Brabender® OHG,
Brabender GmbH Co. KG, Duisburg, Germany). The
produced flour by the laboratory mills was raised to 80%
(by adding some of the sieved fine bran for Buhler and
some of the sieved bran for Quadrmat) to mimic the 80%
ER of the industrial mill. The remaining fine bran of
Buhler mill and remaining bran of Quadrmat mill in
addition to fine bran of the industrial mill were analysed
for PSD by using 1120, 710, 500, and 354 µm sieves.
2.5 Statistical analysis
Statistical analysis was performed by using one-way
analysis of variance (ANOVA) with SAS version 9.0
(Cary, NC, USA). The least significant difference (LSD)
comparison of means procedure was used. Differences
were considered statistically different at α = 0.05. All the
analyses were duplicated.
3. Results

The chemical composition of flour at different ER
(80%, 85%, and 92%) is shown in Table 1. There were
no significant differences between all the produced flour
for moisture, protein, wet gluten, and gluten index.
However, gluten and gluten index values for 85% and
92% ER flour were lower than 80% ER flour. For ash
2.2 Chemical, and rheological analyses
content, there is a significant difference between all the
The moisture content of flour was determined treatments. The more ER, the higher the ash content. For
depending on (44-10, AACC, 2000). Ash content was rheological properties, there was a significant difference
achieved by following (08-01, AACC, 2000). Wet gluten between produced flour for water absorption value. Flour
and gluten index were determined based on (38-12, at 92% ER had a higher water absorption value than
AACC, 2000). Farinograph, Extensograph, and others (Table 2). Otherwise, there were no significant
Amylograph parameters were attained by following differences between flours at different ERs for stability,
(115/1, ICC, 1996), (54-10, AACC, 2000), and (126/1, development time, degree of softening (DoS), and
ICC, 1996) respectively.
quality number (Q number) (Table 2).
2.3 Particle size distribution (PSD) of flour

There were no significant differences between all
the treatments for all extensiogram characteristics (Table
The produced flours with different ER were analysed
3). For α-amylase activity, there were no significant
for PSD by using Buhler Laboratory Siftermin 300
differences between amylogram parameters of the
(Buhler Group Company, Uzwil, Switzerland) for 5
produced flours (Table 4). There were no significant
mins. Sieves with mesh diameter 710, 354, 183, and 129
differences between produced flour for big particle size
eISSN: 2550-2166
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Table 1. Chemical properties of flour produced at different
extraction rates
Extraction rate
80%
85%
92%
Moisture (%)
13.5±0.07a 13.6±0.00a 13.5±0.00a
Protein (%) at 14% mb
11.3±0.24a 11.2±0.24a 11.4±0.06a
Ash (%) at db
1.04±0.02c 1.11±0.03b 1.24±0.02a
Wet gluten% at 14% mb 25.8±0.05a 23.8±0.14a 23.8±0.91a
Gluten index (%)
96.1±0.55a 94.8±1.51a 93.1±0.56a
Values are expressed as a mean±SD from two independent
experiments. Values with different superscripts within the
same row are significantly different (p<0.05). db: dry basis,
mb: moisture basis.
Attributes

Table 4. Amylogram characteristics of flour produced with
different extraction rates

Extraction rate
Amylogram
characteristics
80%
85%
92%
Begin of Gelatinization
a
a
61.5±0.14 61.3±0.28 61.7±0.14a
(°C)
Gelatinization
86.4±1.77a 85.8±0.21a 85.5±0.01a
temperature (°C)
Gelatinization maximum
915±44.55a 953±21.92a 897±10.61a
(AU)
Values are expressed as a mean±SD from two independent
experiments. Values with different superscripts within the
same row are significantly different (p<0.05).

Table 2. Farinogram characteristics of flour produced at
different extraction rates
Extraction rate
80%
85%
92%
c
b
Water absorption (%)
58.4±0.28 60.1±0.21 61.4±0.1a
Stability (min)
5.0±0.35a 4.8±0.21a 4.8±0.28a
Development time (min) 4.3±0.0a 4.3±0.88a 4.6±0.38a
DoS (BU) 10 (min)
91±8.5a
103±9.9a
88±9.9a
a
a
Q number
57±2.1
56±2.83
58±2.8a
Values are expressed as a mean±SD from two independent
experiments. Values with different superscripts within the
same row are significantly different (p<0.05). DoS: Degree of
softening.
Attributes

Figure 1. Particle size distribution of produced flour at
different extraction rate. The mentioned particles were above
the sieves except for <129, which was under the sieve.
Different letter notations indicate significant difference
(p<0.05).

There were considerable differences between bran
obtained by different mills. The fine bran obtained by the
industry mill generally had a smaller particle size
compared to other produced bran (Figure 2), whereas

Table 3. Extensiogram characteristics of flour produced at different extraction rates
Extraction rate
Attributes
80%
85%
92%
45 min
Energy (cm2)
64.5±2.12a
61.5±3.54a
59.0±4.24a
a
a
Extensibility (mm)
183±16.26
185±10.61
170±19.09a
a
a
Resistance50 (BU)
230±14.14 232.5±13.44 248.0±1.41a
Max Resistance (BU) 268.5±10.61a 259±15.56a
264±0.0a
a
a
Ratio (max)
1.5±0.21
1.4±0.14
1.6±0.21a
90 min
Energy (cm2)
73.5±0.71a
70.5±0.71a
71.0±8.49a
a
a
Extensibility (mm)
178±20.51
161±24.04
166±5.66a
a
a
Resistance50 (BU)
274±25.56
304±7.07
315±38.18a
a
a
Max Resistance (BU)
326±21.92
344±3.54
340±38.9a
a
a
Ratio (max)
1.9±0.35
2.2±0.35
2.1±0.35a
135 min
Energy (cm2)
79±3.54a
73.5±3.54a
72.5±12.02a
a
a
Extensibility (mm)
173±14.85
148±5.66
152±8.49a
a
a
Resistance50 (BU)
286±65.05
327±12.73 353.5±55.86a
a
Max Resistance (BU)
344±62.93
369±12.73a
376±58.69a
a
a
Ratio (max)
2.0±0.57
2.5±0.14
2.5±0.49a
Values are expressed as a mean±SD from two independent experiments. Values with different superscripts within the same row
are significantly different (p<0.05).
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(> 710 µm and > 354 µm) (Figure 1). The percentage
was between 0.2 to 0.3% and between 0.4% to 0.8% for
particle size > 710 µm and > 354 µm respectfully for the
three produced flours. Whereas the flour at 80% ER had
a significant increment compared to other flours for
particle size > 183 µm (Figure 1). For particle size < 129
µm, flour at 85% ER had a significant increment
compared to flour at 80% ER (Figure 1).
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bran produced by Quadrumat mill had a bigger particle
size compared to other produced bran.

Figure 2. Particle size distribution of fine bran produced by an
industry mill, Buhler, and Quadrmat mill. The mentioned
particles were above the sieves except for <355, which was
under the sieve.

al. (2019) observed that with a bigger particle size whole
wheat flour, the amount of wet gluten was decreased
significantly, and they claimed that the reason is the
aggregation of gluten will be difficult with large particle
size. The fine bran added in this study made no
significant differences related to the big PSD (710 and
350 µm) (Figure 1) as it will be discussed in the particle
size section. Therefore, the small bran added in this
study might be the reason behind the insignificant
change of the gluten aggregation. On the other hand,
there was no definite pattern for wet gluten amount at
different ERs (70% to 93%) (Azizi et al., 2006). High
gluten amount and high gluten index are good indicter of
high-quality flour (Meerts et al., 2017).

Farinogram and extensiogram are very popular
techniques to measure the dough strength by their
different parameters provides. Water absorption is one of
4. Discussion
these parameters, and it increased at high ER flour
The chemical composition of flour is an important compared to others (Table 2), and this result agrees with
issue in terms of its nutritional value and its quality. the Mueen-ud-Din et al. (2010) and Ramírez-Wong et al.
High ER flour is known to have more vitamins, minerals, (2007). Dough stability was changed insignificantly at
fibres, and antioxidants compared to refined wheat flour different ER, as well as for dough development time
because outer layers of grains have more of these (DDT). Azizi et al. (2006) mentioned that dough stability
compounds (Boita et al., 2016). Furthermore, increasing was decreased with high ER, while Ramírez-Wong et al.
ER led to a rise in the protein content of the produced (2007) reported that dough stability was decreased with
flour. Azizi et al. (2006) mentioned that protein content increasing ER from 70% to 80% then it was increased at
was increased from 10.9% to 11.8% for flour with 80% 100% ER. Development time was reduced at high ER for
ER and 93% ER respectfully at a 14% moisture basis. In white wheat flour, while it has fluctuated with red wheat
the current study, unexpectedly, there was insignificant flour (Ramírez-Wong et al., 2007). Energy and
and a slight increment of protein on behalf flour at 92% extensibility of flours at high ER were lower than the
ER (Table 1). Ramírez-Wong et al. (2007) reported that counterparts of flour at 80% ER for the three resting
there was a significant difference between flour at ER times (Table 3), however the decrease was insignificant.
74% and 80% of white wheat flour, but no significant Ramírez-Wong et al. (2007) mentioned that dough
difference of the same ERs with red wheat flour. Azizi et strength is known to be reduced with increasing ER,
al. (2006) mentioned that ash content was increased with probably because of gluten dilution with increasing bran
high ER flour, it was increased from 0.54% to 1.51% for content and because of impaired network formation.
flour at 70% and 93% ER respectfully, which agrees Also, Hemdane et al. (2016) mentioned that loaf specific
with the result of this study. Ash content of 80%, 86%, volume was decreased when replacing 15% of bran
and 93% ER flour were 0.79%, 1.06%, and 1.51% instead of flour. Mostly, there were no significant
respectfully (Azizi et al., 2006), which were different changes related to the rheological parameters (Tables 2
from the ash content of this study for the approximately and 3), and this might be due to the particle size effect of
similar ER (Table 1). However, these differences are the produce, and it will be discussed later. However,
probably belonging to the wheat variety and milling such an unexpected result should be confirmed by
process. The moisture content of the produced flour was different industry mills. In addition to studying the effect
within the limit of the Iraqi Standardization 14.0±0.1% of adjusting the rolls on the efficiency of the mill with
(IQS, 1988). Alhendi et al. (2021) reported that the long time processing.
moisture content of flour produced by three different
Alpha-amylase is located mostly in the pericarp and
industry mills was between 12.4 to 14%, which is within
the moisture content of this study. The gluten slightly in the aleurone layer and seed coat (Rani et al.,
concentration was reduced insignificantly with 2001), which refers to increasing Alpha-amylase with
increasing ER, and this result disagrees with the Ramírez high ER. However, in this study increasing ER up to
-Wong et al. (2007). They mentioned that the amount of 92% compared to 80% had no significant effect on
gluten-reduced significantly with the increase of ER Alpha-amylase activity. This result is probably due to the
from 80% to 100% for red and white wheat. Bressiani et lower Alpha-amylase activity in the grain. Alhendi et al.
eISSN: 2550-2166
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