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ABSTRACT
Background and Objective: In the baking and milling sectors, the rheological qualities of wheat flour and
dough are crucial since they determine the flour’s quality and processing characteristics. Tempering
conditions influence particle sizes and milling yield, which affect flour properties. This study evaluates the
impact of tempering conditions-temperature (20-60EC) and time (6-18 hrs)-on flour particle size and
thermo-mechanical properties. Materials and Methods: The study analyzed flour samples obtained from
wheat grains tempered at different conditions. Particle size distribution was measured using standard
sieving techniques, with values recorded for D10, D50, D90, D(3,2) and D(4,3). Mixolab analysis was
conducted to assess the rheological properties of flour, including protein weakening (torque C2) and
starch behavior. Dough stability was evaluated based on deformation resistance over time. Data were
analyzed using ANOVA and mean differences were assessed via Tukey’s test at p<0.05. Results: Results
indicated that particle size decreased as tempering time and temperature decreased. The average particle
size of wheat flour samples ranged from 14.05-8.65 µm (D10), 60.00-63.50 µm (D50), 113.50-96.50 µm
(D90), 28.75-5.95 µm (D(3,2)) and 61.55-66.50 µm (D(4,3)). Torque C2, an indicator of protein weakening,
varied between 0.44 and 0.56 Nm, demonstrating that tempering conditions influenced flour protein
properties. The Mixolab analysis showed that starch properties of conditioned wheat resulted in slightly
lower rheological performance than standard flour. Dough stability was highest in the control sample,
improving deformation resistance by 9.42 min, while wheat conditioned at 60EC for 12 hrs (T3T2 sample)
exhibited the lowest dough stability (6.51 min). Conclusion: Tempering conditions significantly affected
flour particle size and thermo-mechanical properties. Lower tempering temperatures and shorter durations
resulted in finer flour particle sizes. Additionally, flour from conditioned wheat showed variations in dough
stability and protein weakening, with higher tempering temperatures leading to reduced dough stability.
Understanding these effects can help optimize tempering conditions for improved flour quality.
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INTRODUCTION
An estimated 733 metric tons of wheat (Triticum aestivum) were produced in 2014-15, making it a
significant crop globally1. Three components make up wheat grain: The bran, which is mainly composed
of dietary fiber; the germ, which is primarily composed of lipids and proteins; and the endosperm, which
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is predominantly composed of carbohydrates and proteins. Commercial wheat flour is produced based
on its intended use or application. For instance, the chemical makeup, milling process and wheat cultivar
of white flour are very different from those of whole wheat flour. The main difference between the two
is that whereas whole wheat flour contains bran and germ, white bread flour is entirely made up of
endosperm. 

The initial step in preparing cereal grains is grinding, which determines if the grist is fit for additional
processing. Grain milling is a multi-step operation and the flour business commonly uses roller mills. The
intermediate products are categorized after each grinding stage, with flour being separated each time.
The flours from each milling and sifting step are combined to make the finished flour product. According
to Małgorzata et al., the characteristics of the wheat, the mill’s design and the operating environment all
affect the final product’s quality2. Particle size has a significant impact on wheat flour’s functional
characteristics. Numerous previous research has shown that particle size significantly affects
physicochemical parameters, such as water absorption, solvent retention, sedimentation, damaged starch
content, decreasing values and pasting properties. These characteristics then affect the dough’s
rheological characteristics, such as water absorption and development time, as well as the end product’s
quality3. 

Tempering or conditioning enhances extraction by reducing the amount of pericarp particles in flour.
Tempering is the process of adding water to grains before milling to soften the endosperm and toughen
the bran. Wheat conditions influence final flour quality, grinding energy, milling temperature and bran and
endosperm physical properties4. They discovered that, while flour extraction rate declined with increasing
kernel moisture, flour quality improved with lower flour ash and polyphenol oxidase activity.

Wheat conditioning research investigates how moisture affects grain physical properties, how quickly
water is absorbed and distributed throughout the grain, how moisture affects breakage during roller
milling, how conditioning influences human characteristics and performance and how different
conditioning regimes are compared and evaluated5. Conditioning methods such as cold, warm and hot
tempering, which varied according to the temperature of the water used to condition wheat. At the same
time, the amount of water used and the time it takes for it to penetrate the kernel vary greatly in practice
and there is no single conditioning regimen that is universally adequate for all wheat kinds and milling
techniques. Light wheats are usually conditioned to 15-15.5% moisture, whereas hard wheat’s are
conditioned to 16-16.5% Wb. These data make it worthwhile to look into how the particle size and
thermomechanical properties of refined wheat flour are affected by different tempering conditions, such
as hot tempering up to 60EC and cold tempering at room temperature for 6 to 24 hrs.

The four most popular empirical tests for evaluating the rheological characteristics of wheat dough are
the Farinograph, Extensograph, Amylograph and Alveograph tests. Mixolab, a new rheological instrument
for characterizing wheat flour, was created recently. By mimicking the steps of the baking process (mixing,
heating and cooling), the Mixolab technique can be regarded as an assessment that, in a single test,
predicts the final product’s quality to varied degrees6. By measuring the torque of the dough during
temperature changes, the Mixolab technique allows determining the amount of water needed for dough
development, the time it takes, the strength and weakening of gluten, the gelatinization of starch and the
dough’s retrogradation, enzymatic activity and gel resistance7,8. Furthermore, the Mixolab technique has
been effectively used to assess various attributes of wheat flour quality6,9-11 and the effect of particle size
on reconstituted WG quality attributes12,13. However, little or no research has examined the effects of
wheat tempering conditions on flour particle size and thermomechanical characteristics. This study used
the Mixolab technology and flour particle size to assess how tempering conditions affected
thermomechanical properties.
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Table 1: Experimental design for the tempering conditions of wheat 
X=Tempering conditions of wheat (Factors)

-----------------------------------------------------------
Treatment X1: Temperature (EC) X1: Time (hrs) Y: Dependent variables
Control Room temperature 24
T1t1 20 6
T1t2 20 12
T1t3 20 18 Particle size
T2t1 40 6
T2t2 40 12
T2t3 40 18
T3t1 60 6
T3t2 60 12
T3t3 60 18

MATERIALS AND METHODS
Materials: The material was a wheat (Triticum aestivum, Daka variety) kindly provided by Kulumsa
Agricultural Research Center, Ethiopia and was harvested between October and November of 2023. Grain
was purified before conditioning, which was performed in tightly-sealed plastic bowls and stored in a dry,
ventilated place.

Experimental design: This work assesses differences in flour particle size and wheat tempering conditions
as a function of two factors: Temperature (20-60EC) and time (6-18 hrs) as shown in Table 1. The
experiments were conducted five times each.

Wheat tempering and milling process: To obtain refined flour, the wheat grains were conditioned to
15.5% wet basis moisture with distilled water and after 6, 12 and 20 hrs with the corresponding
temperature of 20, 40 and 60EC, respectively, before milling to permit the penetration of water to the core
of the kernel. The conditioned wheat was milled by roll mill CD1 (Chopin Technologies, France) according
to the method No. 26-10.02 of the AACCI6.

Thermomechanical properties (Mixolab analysis): Thermomechanical properties were studied using
the Mixolab analyser (Chopin Technologies Inc. Paris, France) and with the application of the Chopin and
Mixolab protocol, method 54-60.01 AACCI6. The Mixolab determines a comprehensive qualitative profile
of wheat flour in real time, the torque (expressed in Nm) produced by the passage of the dough between
two kneading arms when submitted to both shear stress and a temperature constraint. The Mixolab is
capable of determining physical dough properties like mixing behaviour, dough strength and stability
along with the pasting properties. 

The Chopin+ protocol involving a constant mixing speed of 80 rpm was used to assess the dough
rheology. During the first stage, commotion of spherical protein particles occurs, leading to the unfolding
of proteins and the formation of a three-dimensional network, which has gas retaining properties. In this
stage, hydration of flour components also takes place. The parameters that are obtained from the curve
are water absorption (%) or the percentage of water required for the dough to produce a torque of
1.1±0.05 Nm, dough development time (min) or the time to reach the maximum torque at 30EC and
dough stability (min) or the elapsed time at which the torque produced is kept at 1.1 Nm. The second
stage is marked by an increase in dough temperature from 30 to 90EC (8-23 min) and a significant
decrease in torque, which is accredited to mechanical weakening (Nm) or thermal destabilization of the
protein network. The rise of dough temperature leads to protein denaturation involving the release of a
large  quantity  of  water.  As  the temperature further  increases,  the  protein  alterations  are  shrouded
by  the  properties  of starch. Now,  the starch molecules  absorb water, swell and  amylose  leaches out
in the aqueous phase, resulting in an increase in viscosity as well as torque (stage 3). Thereafter, a constant
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temperature of 90EC for 7 min is maintained, which allows for the enzymatic action on starch granules
demonstrating a reduction in dough viscosity (stage 4). In the last stage, as the temperature decreases
from 90 to 50EC over 10 min and then is held for 50EC for 5 min, the torque increases due to
retrogradation of starch molecules.

Key parameters derived from the Mixolab curve are water absorption (%), dough development (C1),
protein weakening, i.e., decrease in dough consistency due to excessive mixing (C2), starch gelatinisation,
i.e., starch granules swell and absorb water and amylose molecules to leach out increasing the viscosity
(C3), amylase activity (C4) and starch gelling (C5).

Particle size analysis: Dry method was used for particle size determination. Flour particle size was
evaluated using a Mastersizer 3000 (Malvern Instruments, Malvern, UK) and values of Di, which account
for the equivalent spherical diameter of the particles, were obtained. 

Statistical analysis: The data were statistically analyzed and an analysis of variance performed. The
significance of the differences between the means was evaluated with Tukey’s test. The statistical
hypotheses were tested at a significance level of p<0.05.

RESULTS AND DISCUSSION
State of wheat kernels before tempering: The physicochemical properties of wheat kernels (Daka
cultivar) was examined before tempering are shown in Table 2. One helpful metric for estimating the
possible milling yield is the thousand kernel weight. Both the grain yield and the milling yield are directly
enhanced by the kernel size. The wheat used in this study weighed 36.19 g per thousand kernels, making
it tiny. Very small (15-5 g), small (26-5 g), medium (36-5 g), large (46-4 g) and very large ($45 g) are the
categories into which wheat grains can be divided. Grain diameter and thousand-grain weight are crucial
factors in the milling process prediction14. Large grains are undesirable because they can cause production
losses by adjusting the cleaning and grinding machinery15.

The current finding for single kernel hardness index (70.25±0.10%) was found extreme values of hardness
compared to the previous findings for wheat cultivars (Astoria, Cytra, Radunia and Parabola) before
tempering in the range of 53.57-67.252. These should be considered hard wheat. 

Since lower as hconcentrations (<1.80%) boost yield in the grinding process, the obtained ash percentage
of 1.54% (Table 2) is thought to be excellent for flour manufacturing. High levels of ash cause bran to be
extracted from flour more readily, which impairs cooking ability, causes unwanted color changes and
disrupts the continuity of gluten networks. The Daka type of wheat had a hectoliter weight of  80 g/hL.
In the milling industry, this hectoliter weight is regarded as a crucial quality element. In addition to the
amount of foreign matter and broken grains in the sample, its value can also be affected by the uniformity,
shape, density and size of the grains.

Table 2: Physical characteristics of the kernels of the wheat cultivar (Daka variety) before tempering
Parameter Value
Hectoliter weight (g/hL) 80.00±0.00
Moisture content (%) 10.30±0.06
Ash content (%) 1.54
Thousand kernel weight (g) 36.19±0.67
Single kernel diameter (mm) 2.62±0.05
Single kernel weight (mg/kernel) 32.03+0.81
Single kernel hardness index (%) 70.25±0.10
Protein content (%) 13.83±0.58
Values are Mean±SD of determinations made in triplicates
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Table 3. Effect of tempering conditions (time and temperature) of wheat grains on the particle size of flour 
Flour particle size, D (mm)

---------------------------------------------------------------------------------------------------------------------
Treatment D (10) D (50) D (90) D (3,2) D (4,3)
Control 22.60±0.00bcd 137.50±6.36b 285.0±17.0ab 50.35±0.07cd 145.50±7.78ab

T1t1 23.45±0.07bc 137.50±4.95b 254.00±8.49bcd 51.55±0.07bc 138.00±4.24bc

T1t2 14.05±0.92e 60.00±5.37d 113.50±12.02f 28.75±1.91e 61.55±6.01e

T1t3 27.85±0.92a 163.50±7.78a 296.50±7.78a 64.45±2.19a 166.50±6.36a

T2t1 24.60±0.28b 143.50±6.36ab 264.50±9.19abc 55.60±0.85b 145.00±5.66abc

T2t2 28.65±0.92a 162.00±8.49a 287.50±13.44ab 65.95±2.33a 164.00±8.49a

T2t3 21.50±0.28cd 110.50±0.71c 220.00±2.83de 46.20±0.57d 115.50±0.71d

T3t1 21.25±0.50d 110.50±0.71c 213.00±2.83e 46.15±1.06d 113.50±0.71d

T3t2 23.25±0.21bcd 126.50±4.95bc 244.50±12.02cde 52.20±0.28bc 131.50±4.95bcd

T3t3 24.00±0.00b 122.00±4.24bc 226.00±5.66cde 51.85±0.21bc 123.50±3.54cd

Minimum 14.05 60.00 113.50 28.75 61.55
Maximum 28.65 163.50 296.50 65.95 166.50
Note: D [10, 50, 90, (3, 2) and (4, 3)] mm: Average particle size which constitutes the bulk of the sample volume. The values are
Mean±SD of determinations made in triplicates. Values followed by different superscripts are significantly different at p<0.05

Effect of tempering condition on the refined wheat flour particle size distribution: Each treatment
had different particle sizes at their respective mean, D10, D50, D90, D3, 2 and D4, 3 values (Table 3). There
are significant differences between those D [10, 50, 90, (3, 2) and (4, 3)] of flour at p<0.05. Though the
flours’ particle sizes D [10, 50, 90, (3, 2) and (4, 3)] decrease as the grain’s tempering time and temperature
drop, this is in accordance with the results shown in Table 3. While T1t2 had smaller particles at their
respective mean, D10, T2t2 had larger particles on average and a higher proportion of large particles.
Different pretreatment or tempering conditions (temperature and time) may be the cause of these
variations.

The size of the flour particles has a significant impact on the final product, dough stability during mixing,
solvent retention and water absorption16. The composition and starch damage of flour may differ
depending on the distribution of particle sizes. Three categories of flour particle classes were identified:
less than 17 µm (mostly wedge protein), 17-40 µm (mainly starch) and more than 40 µm (starch plus
protein). Grain type, mill type, milling condition and grain moisture all have an impact on the particle size
distribution overall15.

Effect of tempering condition on the refined wheat flour Mixolab profile: The Mixolab curves for
wheat flour samples are presented in Figure 1 and 2 to illustrate the nature of the curves obtained. 

The strength of each sample could be adjudged from the Mixolab data based on dough development
time, dough stability and C2. Significant differences were noted in dough development time and dough
stability of flours. The development time is related to the time necessary to hydrate all the compounds,
which mainly depends on the tempering condition of wheat. The findings presented in Table 4 indicated
that the dough stability of different tempering conditions of wheat samples was in the range of 6.51 to
9.42 min. It can be seen from the data that the wheat sample of the control had the higher dough stability,
which  improved  the  deformation resistance of dough by  about 9.42 min, while the T3T2 sample had
the lowest dough stability (6.51 min). In this regard, the control sample achieved the longest resistance
of the dough against mixing. The current studied result is alien to the previous studies for the stability data
of wheat ranged between 4.4-11.2 min7,16.

Torque C2, as an indicator of protein weakening and it represents the minimum torque attained when the
dough undergoes mixing as well as heating, was affected by the tempering condition of wheat grain and
found in the range of 0.44 to 0.56 Nm. This was the consequence of dilution of wheat gluten complex to 
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Fig. 1: Mixolab curves for the different tempering conditions of refined wheat flour samples 

Fig. 2:  Mixolab curves for the control refined wheat flour samples
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form dough with similar physical characteristics (protein compositions) due to the different tempering
conditions of these flours. The factors of tempering condition were significant for slope α and the speed
of protein weakening and/or decrease in dough consistency, which was lower in T1t2 (-0.094 Nm/min).
According to the Lacko et al.16, good quality proteins are represented by C2 in the range of 0.5-0.6 Nm.
It signifies the quality and stability of wheat protein network to thermal weakening with lower values
showing poor gluten quality. In a study reported by, differences in dough development time between
excellent bread making quality wheat and moderately good bread making quality wheat were attributed
to differences in the proportion of glutenin17. The differences in the Mixolab parameters implied a
significant variation among flour samples in terms of dough strength and gluten quality.

Starch characteristics measured by Mixolab, such as gelatinisation (C3), amylolytic activity (C4) and starch
retrogradation (C5) were significant for all experimental factors. Torque C3 was higher for treatment T1t2
(1.934 Nm), indicating higher starch gelatinisation and higher dough viscosity. Slope β (gelatinisation
speed) was significantly lower for T1t2 (0.44 Nm/min), confirming the slower gelatinisation process. Heat
stability of the starch gel at temperature over 80°C, when consistency decreases as a result of amylolytic
activity17, phase C4, was significantly lower for T3t3 (1.76 Nm) and control (1.77 Nm), tempering condition
influences this parameter. T1t1 and T1t2 were characterized with higher hot starch paste stability (torque
C4) and very low α-amylase degradation speed. Torque C5, as the measure of starch retrogradation in the
dough during the cooling phase, was significantly higher for control wheat (2.99 Nm). For the standard
sample of wheat flour, reported strong torque C2, C3, C4, C5 values of 0.60, 1.98, 1.90 and 2.97 Nm,
respectively18.

Starch properties of various sets of conditioned wheat, demonstrated Mixolab rheological behaviour of
flour slightly lower than the standard flour. Podolska et al.19 reported an important influence of the share
of cereals in crop rotation on the grain and dough quality, with a decrease of alveograph value "W" with
an increased share of cereals19. On other studies, Babulicová and Gavurníková20 found higher wet gluten
content and gluten index in crop rotations with a lower share of cereals. Moreover, the dough elasticity
expressed by the values of amplitude (Nm) was higher for the wheat flour (T1t2, T2t3 and T3t3) in
comparison to the control wheat flour. The maximum elasticity for wheat dough was 0.05, while the
minimum was 0.03 (Table 4).

CONCLUSION
The time and temperature constraints have important implications on particle size and mixolab properties
of wheat, presenting different technological qualities. These characteristics may impact the functionality,
sensory acceptability, nutritional properties, and shelf life of wheat flour. The presented study provides
a better understanding of the wheat tempering condition on particle size and thermomechanical
properties of flour. The particle size of the flours, D [10, 50, 90, (3, 2) and (4, 3)] decreases when the time
and temperature of the grain decrease during tempering. The particle size distribution may be influenced
by grain type, grain moisture, mill type, and milling condition. A deeper comprehension of the usefulness
of refined wheat with the behavior of the protein characteristics is made possible by the Mixolab
apparatus. However, the amount of water present in the formed mass system affects the starch's
characteristics, including its degree of gelatinization, gel stability, and retrogradation. The quality of the
gluten network is generally associated with the torque, C2, which is the protein’s quality, and the variations
in refined wheat particle sizes concerning stability and development time. Gelatinization (C3), amylolytic
activity (C4), and starch retrogradation (C5), all of which were assessed by Mixolab were significant for
every experimental factor. 

SIGNIFICANCE STATEMENT
This study offers valuable insights into how tempering conditions, specifically temperature and time, affect
the rheological properties and particle size distribution of wheat flour, which are essential for optimizing
milling and baking processes. By examining the relationship between tempering conditions and flour
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properties, the research enhances our understanding of how water absorption and milling conditions
influence texture, protein characteristics and dough behavior. Utilizing Mixolab analysis, this study
provides a detailed view of flour’s functional performance, crucial for the baking industry. The findings can
lead to more precise tempering strategies, improved flour quality and optimized product development.
Additionally, this research supports global food innovation by promoting healthier, more efficient food
production and sustainable milling practices.
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