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Abstract. The study aimed to determine the optimal dough mixing parameters to ensure the desired
rheological properties. Experimental methods of dough mixing, rheological analysis and monitoring
of process parameters were used, followed by comparison of the results with mathematical models to
optimise the design of the processing bodies of the dough mixing machine. Design solutions that
improve the stability of dough quality and increase production productivity were created in the study.
The optimal design of the processing bodies of the dough mixer was established, which ensures the
most efficient mixing of the components. The study demonstrated that different kneader designs and
rotational speeds significantly affect the rheological properties of the dough, such as viscosity, yield
strength, shear stress and shear modulus. The study determined that the use of an R/S rheometer
provided accurate values of these parameters, while the optimal speed and design of the processing
body reduced shear stress, ensuring uniform mixing. The study also determined that the temperature
of the dough during kneading is critical for the activity of yeast and enzymes. The temperature
parameters, which did not exceed 29°C, maintained yeast activity and ensured even fermentation of
the dough. The optimisation of the kneading parameters improved the texture and taste characteristics
of the bread, which confirms the high quality of the final products. The implementation of these
results in production helps to increase the efficiency and stability of the process and can serve as a
basis for improving dough-mixing machines. The practical significance of the study is determined by
the possibility of using the obtained results to improve the quality of bakery products and optimise
production processes by improving the design of dough mixers.

Keywords: rheological properties; temperature; ingredients; consistency; product quality; product
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Abstract. JlocnijkeHHs Oys10 CripsMOBaHe Ha BU3HAUCHHS ONITUMABHUX APaMETPIB 3aMilllyBaHHS
TicTa, 11100 3a0e3neunTH O0akaHi peoJIoTIuHI BIACTUBOCTI. Y LbOMY JOCIHIIKEHH] Oyl BUKOPUCTaH1
eKCTIIepUMEHTaIbHI METOAM 3aMIllyBaHHS TICTa, PEOJIOTIYHUHM aHaji3 Ta MOHITOPHHI MapaMeTpiB
Ipolecy 3 MOAAJBIIUM HNOPIBHSIHHAM pe3yilbTaTiB 3 MAaTEMaTHYHUMH MOJEISMU JJIs ONTUMI3alil
KOHCTPYKIIi poOOYMX OpraHiB TICTOMICHJIBHOT MAIIMHU. Y pe3ylabTaTi IOCHiIKEHHS Oynu
pO3po0IieHI KOHCTPYKTHBHI PILIEHHS, IO MiJBUIIYIOTh CTA0IIBHICTh SKOCTI TicTa 1 30UTHIIYIOTH
IPOJAYKTUBHICTh BHUpPOOHUITBA. BCTaHOBIEHO ONTUMaJbHY KOHCTPYKLIIO poOOYMX OpraHiB
TICTOMICUJIBHOI MAaIlIMHU, sKa 3a0e3neuye HaWOUIbII e(eKkTHBHE 3MIIIyBaHHS KOMIIOHEHTIB.
JlocmipKeHHs ToKa3ao, 0 Pi3H1 KOHCTPYKIIT MICUJIbHUX OpPraHiB i IIBUKOCTI 00€pTaHHS 3HAYHO



BIIMBAIOTh HAa PEOJIOTTYHI BIACTUBOCTI TICTA, TaKi AK B’S3KICTh, MEXa TEKy4OCTi, Hampyra 3CyBy 1
MOJyJIb 3CyBY. Byjo BH3Ha4eHO, IO 3aCTOCyBaHHS peomerpa R/S 103BONMIO OTpUMAaTH TOYHI
3HA4YEeHHS IMX MapaMeTpiB, a ONTUMalIbHA MBUAKICTh 1 KOHCTPYKIisS poO0OYOro oprany 3HHKYBAJIU
Hampyry 3CyBy, 3a0e3meuyroud pIBHOMIpHE 3aMillyBaHHS. TakoX BHSIBICHO, IO KOHTPOIb
TEMIIepaTypu TiCTa MiJ Yac 3aMillyBaHHSA € KPUTUYHUM JUIsI aKTUBHOCTI JPDKIKIB 1 (DepMEHTIB.
Temmneparypui mapameTpu, ski He mnepeBumryBaan 29°C, crpusiu 30€peXeHHIO aKTUBHOCTI
IPDKIDKIB 1 piBHOMIpHOMY OpOIiHHIO TicTa. JlocsSrHyTa ONTHMI3allis TapaMeTpiB 3aMilllyBaHHs Jajia
MO>KJIMBICTB MOKPAIIUTH TEKCTYPY 1 CMaKOB1 XapaKTEPUCTHKH XJ1i0a, 110 MiATBEP/HKYE BUCOKY SIKICTH
KIHIIEBUX BHPOOIB. BrpoBa/pkeHHS LUX pe3ynbTaTiB y BHPOOHHUITBO CIPHUSE IiABHUIICHHIO
e(eKTUBHOCTI Ta CTAOLIBPHOCTI MpPOIECy 1 MOXKE CIYryBaTH OCHOBOKO JUISi BJIOCKOHAJICHHS
TICTOMICHIBHUX MamuH. [IpakTuyHe 3HaYeHHS AOCTIKEHHS MOJIATA€ Y MOXKJIMBOCTI BUKOPUCTAHHS
OTPUMAHUX PE3YIbTATIB JUIS MIABUIICHHS SKOCTI XJi00OYJIOYHMX BHpPOOIB Ta ONTUMI3aIlii
BUPOOHMYMX MPOLECIB 32 PaXyHOK YIOCKOHAJIEHHS! KOHCTPYKIIIT TICTOMICHJIBHUX MallliH

Keywords: peoJioridni BIacTHBOCTI; TeMIlEpaTypa; IHIPEAI€HTH; KOHCUCTEHIIIS; SKICTh TMPOIYKTY;
00’€M TIPOSTYKTY

Introduction

The production of bakery products is a complex process that requires precise control at every stage,
especially when kneading dough. One of the key factors affecting the quality of the final product is
the use of dough mixers, in particular continuous mixers. These devices ensure the stability of the
kneading process and can significantly improve dough properties such as elasticity, consistency and
homogeneity. However, to achieve optimal results, several process parameters need to be taken into
account, such as kneading speed, temperature and intensity of mixing of ingredients. Consideration
of these parameters provides a dough with the desired physical, chemical and rheological properties,
which directly affects the quality of the finished product. Studying the technological parameters of
kneading machines and their impact on dough properties is important for improving production
processes and achieving high-quality standards in the bakery industry.

Z. Wang et al. (2021) determined that increasing the kneading speed improved the elasticity of
the dough, but also caused overheating, which negatively affected the quality of the finished product.
The authors also emphasised the importance of temperature control to avoid the destruction of the
gluten structure. E. Mailybayeva et al. (2022) indicated that kneading temperatures above 25°C
destroys gluten fibres, which worsens the quality of the dough and the volume of the finished product.
The authors recommended keeping the temperature between 22-25°C to achieve optimal dough
characteristics. Q. Zhao et al. (2024) proved that uniform dosing of ingredients ensured dough
homogeneity and improved its physical and chemical properties. This avoided the formation of lumps
and increased the stability of the final product. Z. Yaregal et al. (2022) argued that proper kneading
improved yeast development, which affected the texture and taste of the finished product. The authors
also highlighted the importance of controlling the kneading time to ensure uniform fermentation.

J. Xietal. (2021) determined that optimal kneading parameters, such as speed and temperature,
contributed to better dough porosity, which improved bread quality. The researchers proved that it
also increased the flavour and freshness of the finished product. O. Parenti et al. (2021) noted that
excessively long kneading times caused the dough to lose moisture, which worsened the texture. The
researchers recommended adjusting the kneading time according to the characteristics of the flour
and the type of product. E. Ntalios et al. (2024) emphasised that the use of continuous kneading on
an industrial scale allowed for the stability and quality of the product to be maintained. The authors
argued that precise control of technological parameters contributed to the uniformity of the quality of
each batch of dough. X. Sun et al. (2023) emphasised the importance of moisture control during
kneading, as it directly affected the elasticity and structure of the dough. The authors proved that the
optimal moisture level improved dough properties and the final product. M. Venturi et al. (2022)
studied the effect of different types of flour on kneading, finding that the composition of the flour
determined the optimal machine parameters for achieving the best results. The researchers



recommended adjusting the technological parameters depending on the quality of the flour to achieve
consistent results. A. Gbabo et al. (2024) investigated the effect of kneading blade speed on dough
homogeneity, finding that higher speeds contributed to a better distribution of ingredients. The
researchers argued that this ensured dough homogeneity and improved its physical properties.
However, research into this issue does not yet provide a complete answer to the question of optimal
conditions for different types of flour and specific technological processes. For instance, the
interaction between temperature and kneading time, as well as the impact of various ingredients such
as additives and speciality flours on the final quality of the dough, needs to be further investigated.
In addition, there is a need to develop more precise methods for controlling temperature and humidity
during kneading to maximise product stability and quality in industrial environments.

The study aimed to demonstrate practical achievements in improving the design of a
continuous-acting dough mixer, developing a rational kneading body and a method of controlling its
operation.

Tasks of the study:

1. Toanalyse how changes in kneading speed, temperature and time affect the texture, elasticity
and porosity of the dough.

2. To evaluate the relationship between the parameters of the kneading process and the quality
of the final product.

3. To identify which factors are most critical to achieving optimal quality of bread and other
products.

Materials and Methods

In this study, the influence of technological parameters on the dough-kneading process was analysed
to determine the optimal design of the processing bodies of a continuous kneading machine. To
achieve this goal, a variety of ingredients and innovative equipment were used, which was used to
accurately determine the optimal conditions for the kneading process.

The ingredients for the dough were selected according to standard proportions used in baking
(Soulaka & Morrison, 1985). The main ingredients were wheat flour, water — 42%, yeast — 2%,
salt — 1.5% and sugar — 2%. The moisture content of the dough varied between 39% and 45%, which
is the optimal range for a standard baking process. Thanks to the correct choice of ingredients, the
required dough consistency was ensured, which allowed for further experiments.

The main equipment for the research was a continuous kneading machine manufactured by
i2FOODS LLC (Ukraine). The machine was equipped with interchangeable processing elements,
which were used to vary the design of the processing elements and study their effect on the dough-
kneading process. The machine included a pre-kneading chamber and a final kneading chamber,
which ensured efficient investigation of different configurations of the processing elements. The
machine specifications included a capacity of 1,600 kg/h, a kneading time — of 200 to 300 seconds,
and an electric drive power — of 5.4 kilowatts (kW) to achieve the required work intensity. Figure 1
shows a schematic diagram of a physical model of a continuous kneading machine consisting of a
pre-kneading chamber and a final kneading chamber equipped with a new kneading body.
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Figure 1. Diagram of the physical model of a continuous kneading machine
Source: compiled by the author.

To accurately analyse the rheological properties of the dough, the study used an R/S rheometer
(Brookfield, USA) to measure important parameters such as viscosity, yield strength and shear stress,
which are key to determining the structure of the dough and its ability to be further processed. This
device provided accurate data, which was used to control and adjust parameters that affect the final
properties of the product. To ensure stable conditions during the kneading process, a PC151MT-1-
5M temperature sensor (PyroCouple Calex, UK) was used to continuously monitor temperature
changes in the dough. This was important for maintaining the optimal temperature conditions
necessary for yeast activity and achieving uniform fermentation. In addition, an ADS60G moisture
meter (AXIS, Japan) was used to monitor the dough moisture content, which allowed for real-time
moisture correction, ensuring optimal dough consistency for the best kneading results. A stationary
SevenMulti pH meter (Mettler Toledo, Switzerland) was used to measure the pH of the dough and
other components in the process. The use of these instruments in combination was used to achieve
high accuracy of control over the process parameters, which significantly improved the quality of the
final product. A batch-type kneader Diosna SP 240 AD (Germany) was used to efficiently knead
various types of dough in the bakery and confectionery industry. Its design ensured the uniform
mixing of ingredients and gluten development, which contributed to the achievement of optimal
dough consistency and high-quality finished products.

Experimental studies included the creation and testing of various designs of processing bodies
to identify the most efficient configuration that ensures an optimal kneading process. Different shapes
and arrangements of the mixing elements were evaluated, as well as the impact of the kneading body
speed on the quality of the kneaded dough. Continuous monitoring of parameters such as temperature,
humidity and rheological properties allowed for prompt adjustments to the kneading conditions,
which ensured that the desired dough characteristics were achieved, and the final product was of high
quality.

Results

At the pre-mixing stage, wheat flour and liquid ingredients, according to the recipe of water — 42%,
yeast — 2%, salt — 1.5% and sugar — 2%, were inserted into the pre-mixing chamber of the — premixer.
In this chamber, the ingredients are mixed into a uniform mass, which ensures an initial even
combination of dry and liquid components. This is an important step, as the correct mixing of
ingredients at the initial stage contributes to the formation of a gluten network in gluten, which is the
basis for the development of the dough structure. An important characteristic of a premixer is its
ability to provide effective initial mixing, which is crucial for the further development of dough
texture and quality. After the ingredients are mixed, a portion of the dough is transferred from the



premixer to the final kneading chamber, where a more intensive process of creating the final dough
structure begins.

In the final kneading chamber, the main kneading body of the kneading machine is installed.
This kneading body rotates at a predetermined frequency, performing the necessary mechanical work
to form the optimal dough structure. The mechanical load during the kneading process helps to
achieve the desired dough texture and elasticity, which is critical for the subsequent production of
high-quality bakery products. Controlling the temperature and speed of the kneading unit plays a
special role in the kneading process, as it directly affects the efficiency of dough formation.

The innovative feature of the proposed dough mixer scheme is the division of the liquid phase
into two separate streams: one goes to the premixer for the initial hydration of dry components, and
the other — immediately to the main part of the dough mixing process, where the dough formation
continues. This approach allows for more efficient process control and guarantees a consistent result,
maintaining the same dough quality at all stages of its preparation. With this distribution of the liquid
phase, the process of hydration and dough structure formation becomes more controlled, which is
important for achieving the high quality of the final product.

To maintain optimum conditions during the kneading process, the dough temperature is
regulated by the design of the kneading head. Adjusting the speed of the kneading body can create
the desired intensity of mechanical processing of the dough, which is important for the stable
development of its structure. Additionally, to avoid overheating of the dough during kneading, a
cooling mechanism is used, which is carried out employing a double cooling jacket surrounding the
kneading chamber. This cooling system maintains the optimum temperature and ensures the stability
of the kneading process, which has a positive impact on the final quality of the dough and products.

The model of the kneading body of a kneading machine determines its shape, size, trajectory
and rotation speed, which are critical parameters for high-quality dough (Figure 2). The
characteristics of the kneading body, such as the angle of inclination, the number of revolutions and
the geometry of the processing body, affect the uniformity of the distribution of ingredients, gluten
development and dough aeration, which ultimately affects the structure, volume and texture of the

finished product.
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Figure 2. Overview of the computer model of the kneading body of a continuous kneading machine
Source: compiled by the author.

Figure 3 shows the process of kneading dough in the final kneading chamber, which is a key
step in the dough production cycle. The chamber is equipped with a specialised kneading device that
ensures intensive and uniform mixing of the dough. By performing rotational and axial movements,
the kneading body creates optimal conditions for the development of the gluten backbone, even



distribution of ingredients and the inclusion of a small amount of air in the mass. The design of the
chamber contributes to the formation of a homogeneous dough consistency, which is critical to
ensuring the high quality of the final product.
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Figure 3. Kneading the dough in the final kneading chamber
Source: compiled by the author.

Figure 4 shows the drawings of the implemented kneading bodies. The study determined the
optimal design parameters of the kneading body (shape, dimensions, rotational speed, structural
reliability) and the final dough chamber (shape, dimensions, kneading time and temperature) to
achieve the desired dough quality and rheological properties using four different kneading bodies.
The following characteristics of the kneading machine were obtained during the tests: theoretical
dough output — 1,600 kg/h, theoretical kneading time — 200-300 seconds, theoretical specific
kneading work — 15 J/g, installed power of the electric drive of the kneading machine — 5.4 kW,
kneading body speed control interval — 30-80 rpm.
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Figure 4. Implemented variants of processing bodies
Note: Variant 1 Features a spacing of 84 millimetres (mm) between the spiral blade sections at the
beginning of the shaft. Variant 2 Features a spacing of 168 mm between the spiral blade sections at
the beginning of the shaft. Variant 3 Features an initial spacing between the spiral blade sections is
168 mm, with a further reduction to 84 mm. Variant 4 Features The initial distance between the spiral
blade sections is 84 mm, with a further increase to 168 mm.
Source: compiled by the author.

The study identified the main indicators of dough quality. Viscosity — a characteristic that
determines the ability of a dough to resist deformation under the influence of an external force.
Viscosity is a critical parameter in the kneading process, as it directly affects the efficiency of this
process. The higher the viscosity, the more difficult it is to mix the dough components, which can
lead to a deterioration in its structure and consistency. This is important to achieve the required
homogeneity and texture of the final product, as well as to ensure stability during further processing
steps such as fermentation and baking (Yang et al., 2022).

Dough moisture (hydration) — determines the amount of water added to the flour during
kneading to create a dough. The moisture content has an important influence on the texture and
leavening of the product, as well as its elasticity. It affects the consistency of the dough by ensuring
the right ratio of water to flour to form the necessary gluten network that gives the dough its elasticity.
Excessive or insufficient moisture can lead to improper gluten development, which affects the quality
of the finished product (Liu et al., 2024).

Elasticity — the ability of the dough to regain its shape after the external load is removed. This
parameter is important for maintaining the structure of the dough under mechanical stress. The
elasticity of a dough is measured through the shear modulus (G'), which indicates its elasticity under
shear deformation. High elasticity allows the dough to retain its shape after moulding and prevents it
from tearing or deforming, which is important for good dough opening during baking (McCann &
Day, 2013).



Dough temperature — an important factor in the activation of yeast and enzymes during
kneading and fermentation. The right temperature ensures the optimum fermentation rate as well as
the necessary conditions for the development of the gluten network, which has a significant impact
on the texture and elasticity of the final product. Excessive or low temperatures can delay or accelerate
these processes, which can compromise product quality (Sun et al., 2023).

Acidity (pH) — acidity of the dough affects the activity of enzymes and yeast responsible for
fermentation. The pH level also determines the chemical processes taking place in the dough,
including the hydrolysis of starch and the activity of enzymes that break down proteins. The pH
determines the stability of the dough structure and the quality of the final product. Too high or low
an acidity level can affect the taste and reduce the efficiency of fermentation (Mohammadi et al.,
2022).

Dough strength — the ability of the dough to resist mechanical deformation during kneading and
shaping. Dough strength is measured through two main parameters: shear stress and yield stress.
Shear Stress shows how much force is needed to deform the material, while yield stress determines
the minimum force at which the dough begins to flow or deform. These parameters are important for
achieving the desired consistency of the dough and its ability to retain its shape during processing
(Ojo et al., 2023).

Shear modulus (G') — determines the stiffness or elasticity of the dough, which is important for
assessing the texture and structural stability of the dough. The shear modulus helps to understand how
the dough will react to mechanical stresses such as kneading and shaping. A high shear modulus
indicates that the dough has a higher elasticity, which can provide better structural stability and
prevent it from tearing or deforming during subsequent processing steps (Yazar & Demirkesen,
2023).

Shear Stress — the amount of force that acts per unit area parallel to the plane of a material.
Shear Stress is an important parameter for determining the plasticity of a dough, as it determines how
easily the dough can deform under external stress. This parameter helps to estimate how the dough
will react to stress during mixing or other mechanical treatments (Seesala & Dhara, 2021).

Creep — the ability of a dough to deform over time under a constant load. Creep is an important
parameter for determining the stability of the dough structure over time. This parameter is particularly
important for assessing how a dough will behave during storage or long processes such as
fermentation. Creep determines how the dough will change during these processes and whether its
quality will be maintained (Sanz et al., 2023).

Thixotropy — the ability of a dough to regain its viscosity after stress is removed. This parameter
determines how quickly a dough regains its properties after the external stress is removed, which is
particularly important in processes where the dough is subjected to stress changes, such as kneading
or mixing. With high thixotropy, the dough quickly returns to its original viscosity, which contributes
to the stability of the production process and ensures the quality of the final product (Torres-Gallo et
al., 2021). For the measurement of the parameters, the parameters are given in Table. 1.

Table 1. Parameters that were defined in the study

Device Parameter to be measured
Viscosity; yield strength; shear stress; shear modulus
R/S rheometer from Brookfield (G"); thixotropy

Infrared temperature sensor PC151MT-1-5M
Dough temperature

(PyroCouple Calex)
Moisture meter ADS60G (AXIS) Hydration (humidity)
Stationary pH meter SevenMulti (Mettler Toledo) Acidity

Source: compiled by the author.

Table 2 contains the reference parameters of the dough produced on the Diosna SP 240 AD
batch kneader according to the specified recipe. It includes values that characterise the mechanical
and physical properties of the dough, including its viscosity, yield strength, shear stress, shear



modulus, temperature, hydration and acidity. These parameters are key to assessing the consistency
and quality of the dough, which allows for process control and adjustments.

Table 2. Reference dough parameters

Viscosity, pascal-second (Pa-s) 220
Yield stress, pascal (Pa) 98
Shear stress, Pa 175

Shear modulus (G'), Pa 270
Temperature, °C 34
Hydration (humidity), % 39.6
Acidity, pH 4.8

Source: compiled by the author.

To determine the optimum kneading parameters, experiments were conducted that included a
step-by-step change of kneading bodies. Each stage involved the measurement of various parameters,
including the rheological properties of the dough, at different kneading body rotation speeds. During
the experiments, different variants of kneading bodies were used, which were used to assess their
effect on the characteristics of the dough. The results of the measurements for each kneading body
were recorded and presented in Table 3-6, which shows the values of such parameters as viscosity,
yield strength, shear stress, shear modulus and other important characteristics for each kneading body
rotation speed. This data can be used to evaluate the effectiveness of different kneading bodies and
their impact on the dough-mixing process.

Table 3. Test results on the kneading organ Variant 1

Parameter Reference 40 45 50 %5 60 65 70
RPM RPM RPM RPM RPM RPM RPM
Viscosity, Pa‘s 220 247.8 2314 212.7 201.1 192.2 182.3 168.7
Yield Stress, Pa 98 111.4 104.7 94.8 88.9 83.6 79.2 75.1
Shear Stress, Pa 175 188.6 182.3 168.9 156.3 147.4 140.9 132.8
Shear modulus (G'), Pa 270 289.4 275.9 258.7 246.1 236.8 225.1 217.2

Temperature, °C 31 27 28 28.5 29 29 31.5 34
Hydra“o“o/(oh”m'd”y)’ 39.6 397 | 396 | 3907 | 396 | 398 | 397 | 396
Acidity, pH 4.8 4,78 4,73 4,75 4,72 4.8 4.81 4.79

Source: compiled by the author.

As the kneading body speed increases, there is a decrease in viscosity, in particular from 247.8
Pa-sto 168.7 Pa-s, yield strength and shear stress, which indicates a decrease in resistance to dough
movement. This indicates that the dough becomes more plastic and less resistant to deformation,
allowing for a more efficient mixing of ingredients. The shear modulus also decreases, which
confirms the decrease in the strength of the dough structure as the kneading body rotation speed
increases. This effect may be the result of intensive mixing, which contributes to the breakage of
some gluten and the loosening of the dough. The temperature of the dough rises at high speeds, which
can affect the activity of enzymes and yeast, accelerating the fermentation process and changing the
final texture of the product. However, the hydration and acidity parameters remain stable at all stages
of the study, which indicates controlled kneading conditions and the preservation of optimal dough
properties throughout the process.

Table 4. Test results on the kneading organ Variant 2

Parameter REfire”C 40RPM | 45RPM | 50 RPM | 55 RPM | 60 RPM | 65 RPM | 70 RPM
Viscosity, Pa-s 220 258.1 240.6 219.8 210.3 1996 1908 178.9
Yield Stress, Pa 98 115.7 109.2 104.3 99.8 94.1 89.5 84.7
Shear stress, Pa 175 199.2 1896 179.7 1683 1586 151.9 1423




She?é,g‘osa”'us 270 3023 | 2885 | 2758 | 2696 | 2587 | 2461 | 2383
Temperature, °C 31 77 78 285 29 29 315 3
Hydration
(i % 39.6 39.7 39.6 397 39.8 395 39.6 39.8
18 481 18 477 479 481 482 18

Source: compiled by the author.

With an increase in kneading speed, there is a decrease in viscosity, in particular from 258.1
Pa-sto 178.9 Pa-s, yield strength, shear stress and shear modulus, which indicates a decrease in dough
stiffness. Therefore, with an increase in the speed of the kneading body, the dough becomes more
elastic and less resistant to deformation, as the mobility of gluten molecules increases, making the
dough softer and more plastic. A decrease in these parameters may also indicate that part of the dough
structure is torn due to intensive mixing. The temperature during the kneading process also increases,
which can affect the rate of fermentation, as a warm environment activates enzymes and yeast,
accelerating the fermentation process. This can lead to changes in the texture and taste of the final
product. At the same time, the hydration and acidity parameters remain stable at different rotational
speeds, which indicates that these parameters are independent of the mixing intensity and are
controlled at an optimal level throughout the process.

Table 5. Test results on the kneading organ Variant 3

Parameter Reference | 40 RPM | 45RPM | 50 RPM | 55 RPM | 60 RPM | 65 RPM | 70 RPM
Viscosity, Pa‘s 220 268.2 250.7 230.4 221.8 210.7 200.1 189.2
Yield Stress, Pa 98 120.5 114.9 109.6 106.4 101.8 95.6 90.2
Shear stress, Pa 175 208.1 197.8 188.2 181.3 172.6 158.7 151.3

270 312.8 298.1 289.6 278.3 267.6 258.9 251.2
Temperature, °C 31 27 28 28.5 29 29 31.5 34

Hydration

(humidity), % 39.6 39.6 39.7 39.6 39.8 39.6 39.7 39.6
4.8 4.8 4.79 4.78 4.79 4.81 4.8 4.79

Source: compiled by the author.

Changes in parameters such as viscosity and shear stress show a decrease, specifically from
268.2 Pa's to 189.2 Pa-s, with increasing kneading speed, indicating that the consistency of the dough
improves at higher kneading speeds. Therefore, as the kneading speed increases, the dough becomes
more plastic and less viscous, allowing for more efficient and even mixing of the ingredients. The
reduction in shear stress also means that the dough becomes easier to move, which reduces energy
consumption during processing. Changes in the shear modulus confirm a decrease in dough stiffness,
as this parameter reflects the ability of the dough to resist deformation. At high kneading speeds, the
dough structure becomes less rigid, which allows achieving the desired elasticity and homogeneity
required for further processing and baking stages.

Table 6. Test results on the kneading organ Variant 4

Parameter Reference | 40 RPM | 45 RPM | 50 RPM | 55 RPM | 60 RPM | 65 RPM | 70 RPM
Viscosity, Pa's 220 279.5 262.3 239.1 232.6 221.4 209.7 198.4
Yield Stress, Pa 98 126.2 119.6 113.7 109.4 106.3 99.8 93.6
Shear stress, Pa 175 218.4 207.3 198.6 187.4 177.5 169.6 159.7

Shear m‘;,da”'us G| 270 319.7 | 3089 | 2084 | 2882 | 2789 | 2684 | 258.7
Temperature, °C 31 27 28 28.5 29 29 31.5 34

Hydration
(humidity), % 39.6 39.6 39.8 39.7 39.6 39.7 39.6 39.7

Acidity, pH 4.8 4.81 4,79 4.8 4.79 4.8 4,81 4,79

Source: compiled by the author.




All parameters show a downward trend with increasing kneading speed, which confirms the
improvement of the elastic and flow properties of the dough. As the speed increases, the dough
becomes more plastic and less viscous, which facilitates easier movement of the ingredients and more
even mixing. The viscosity, yield strength and shear modulus parameters have the greatest decrease
at high speeds, indicating greater mixing efficiency. This means that at high speeds, the kneading
body has a more intense effect on the dough structure, breaking up its parts and relaxing the gluten,
which improves the distribution of ingredients and facilitates dough processing in subsequent stages.
Such changes indicate an optimisation of the kneading process, which leads to an improvement in the
quality of the final product.

The plot obtained on the Brookfield R/S rheometer is shown in Figure 5.
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Figure 5. Changes in the elastic modulus of dough with temperature
Source: compiled by the author.

Based on the results of the plot, which reflects the ability of the material to change its shape
under constant load, it is possible to conclude that VVariant 4 demonstrates the best performance. This
variant has the highest values of both the elastic modulus (G") and viscous modulus (G"), indicating
its ability to retain structure and absorb energy during deformation. The high values of these
parameters also indicate that the dough based on Variant 4 is more stable and resistant to external
influences during mixing and further processing. In addition, this variant shows stability even when
the temperature is increased, which is important to ensure a uniform kneading process. In addition,
Variant 4 reaches peak values of elastic and viscous moduli at the optimal temperatures for yeast and
enzyme activation, which vary from 28°C to 32°C. This ensures efficient dough fermentation,
promoting the development of the gluten network and improving the structure of the final product.
The dependence of the dough temperature on the speed was also investigated. The results are
presented in the form of a graph in Figure 6.
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Figure 6. Dependence of dough temperature on the speed of the operational body
Source: compiled by the author.

The graph shows that the optimal speed of the processing body is in the range of 55-60 rpm.
Increasing the speed increases the temperature of the dough. The main advantages of Variant 4 are
essential for ensuring high dough quality and stability of the kneading process. High values of the
elastic modulus (G") indicate the ability of the material to maintain its structural integrity and elasticity
under load, which is important for a stable dough texture during kneading. It also contributes to the
preservation of the gluten network, which determines the quality of the final product. High values of
the viscous modulus (G") indicate the ability of the dough to absorb energy efficiently during
deformation, reducing the risk of structural breakage during intensive kneading, which ensures the
stability of the dough during the mixing process. Variant 4 also demonstrates stability with
temperature changes, reaching peak values at 60-70°C, which is the optimal range for yeast and
enzyme activation, promoting proper fermentation activity and gluten network development. Once
the peak values are reached, the decrease in G' and G" indicates the stable behaviour of the material
during temperature changes, ensuring a controlled kneading process and storage of optimal conditions
for fermentation and dough structure.

Discussion

The study of the influence of technological parameters of a continuous kneading machine on the
quality of wheat flour dough has resulted in important conclusions regarding the main factors that
affect the physical and chemical properties of the dough. Changes in the rotational speed of the
kneading bodies had a significant effect on such parameters as viscosity, yield strength, shear stress,
shear modulus, temperature, hydration and acidity of the dough. The higher the rotational speed, the
greater the decrease in viscosity and yield strength, indicating a decrease in the dough's resistance to
deformation. This also indicates more efficient mixing and better homogenisation of the dough
composition.

This problem was also investigated by S. Shrey et al. (2024), where the results confirmed that
the study of the effect of the kneading body rotation speed on the mechanical characteristics of the
dough shows that the speed directly affects the viscosity and elasticity of the final product. With an
increase in the rotational speed of the kneading body, the energy transferred to the dough increases,
which contributes to better mixing of the ingredients and the development of the gluten network.
However, excessive acceleration can lead to excessive mechanical stress on the dough, which impairs
its elasticity and contributes to the loss of the desired texture.



Q. Liu et al. (2024) demonstrated that the analysis of the effect of kneading temperature shows
that temperature is important for the dough structure and fermentation process. High temperature can
accelerate fermentation, which improves the dough rise rate, but it can also cause excessive heat and
deterioration of the final product. The optimal temperature regime promotes even gluten development
and efficient fermentation, ensuring a stable dough structure and high product quality.

Notably, the optimal kneading speed is a critical factor in achieving the desired mechanical
properties of the dough, as it determines the uniformity of mixing and the development of the gluten
network. Too high a speed can lead to excessive mechanical stress, which negatively affects the
elasticity of the dough, while too low a speed does not ensure sufficient distribution of the ingredients.
Therefore, it is necessary to find a balance that ensures the optimum viscosity and elasticity required
for further processing and baking of the product.

The effect of hydration on dough structure was emphasised. The moisture content of the dough
remained almost unchanged at different rotational speeds, which confirms that this characteristic
depends more on the amount of water added to the flour than on the processing speed. However, it is
worth noting that increasing the rotational speed of the kneading bodies reduced the mixing time,
which could cause a slight decrease in the uniformity of hydration in the dough. At the same time,
this did not have a significant impact on the quality of the final product, as the hydration remained
within the optimal values for wheat flour.

J. Cheng et al. (2023) concluded that dough moisture is one of the most important factors that
determines its texture and affects the quality of bakery products. The optimum moisture level can
achieve the desired elasticity and softness of the dough, which ensures a uniform increase in volume
during baking. Insufficient moisture can lead to a dry and hard texture, while excessive moisture can
make it difficult to handle and lead to loss of shape during baking.

L. Wu et al. (2023) determined that dough pH is an important factor that directly affects
fermentation processes, in particular yeast activity. An optimal pH level promotes better yeast growth,
which ensures efficient fermentation and improved product quality. Too low or high an acidity level
can slow down fermentation, which will affect the structure and taste of the finished product.

These results confirm the above study, as they demonstrate a correlation between the moisture
level and the texture of the dough, which affects the quality of the finished product. The study
determined that the optimum moisture content allows to achieve the desired elasticity and softness,
which provides ideal conditions for the fermentation and moulding of the final product. In addition,
the results confirm that incorrect moisture levels can negatively affect baking and product structure,
which is consistent with the findings of previous studies on the importance of maintaining optimal
dough parameters.

A decrease in viscosity and yield strength with increasing machine speed may indicate
improved plasticity and easier kneading of the dough. At the same time, it may also be a consequence
of changes in the structure of the gluten network, which is responsible for the elasticity of the dough.
The results obtained indicate that at higher rotational speeds, the development of the gluten network
is more intense, which affects the elasticity of the dough. This provides a better ability for the dough
to restore its shape after deformation, which is an important factor in the production of bakery
products.

It is worth highlighting the study by A. Cappelli et al. (2021), which also stated that the
determination of optimal kneading conditions using high-speed kneading machines is important for
improving the quality of bakery products. When using such machines, it is possible to achieve a more
efficient distribution of ingredients and faster formation of the gluten network, which has a positive
effect on the texture and elasticity of the dough. However, excessive speed can lead to overheating
of the dough, which negatively affects its quality, so a balance between speed and temperature must
be found.

M. Alongi & M. Anese (2021) concluded that the role of the kneading device in the kneading
process is its ability to mix the ingredients evenly, ensuring the formation of a stable dough structure.
A kneading device operating at the optimum load and speed promotes the formation of an elastic
gluten network, which is critical to achieving the correct consistency. The correct kneading head



setting can achieve maximum dough quality, ensuring that the dough has the optimum texture for
further baking. This data confirms the importance of the correct setting of the kneading process
parameters to achieve high-quality dough. In particular, the experimental results show that the optimal
kneading speed and speed of high-speed machines are critical to ensure the even distribution of
ingredients and the formation of the required dough structure. In addition, the combination of
mechanical and biochemical methods mentioned in the previous section can indeed significantly
improve the quality of the final product, while reducing the energy costs of the kneading process.

Regarding temperature, the study determined that with an increase in the rotational speed of the
kneading organs, the dough temperature also increased. This confirms that more intensive mechanical
processing increases the heat load on the dough, which can affect the activity of yeast and enzymes
during fermentation. However, despite the increase in temperature, the acidity of the dough remained
stable, indicating optimal conditions for fermentation and fermentation. This parameter also affects
the quality of the final product, as the activity of enzymes that contribute to the leavening and
development of flavour compounds depends on acidity.

A. Marzec et al. (2021) also conducted a study that confirmed that the speed of the kneading
body is central to achieving the critical speed that ensures optimal dough quality. When this speed is
reached, the dough acquires a uniform structure and elasticity necessary for further processing. At the
same time, an excessive increase in speed can lead to overheating of the dough, which can affect its
quality and texture.

A. Iztayev et al. (2023) also determined that intensifying the kneading process by combining
mechanical and biochemical methods can accelerate the formation of the gluten structure and improve
the structure of the dough. The use of enzymes and other bioactive additives helps to reduce the need
for high rotational speeds, reducing energy consumption. This approach ensures process efficiency
while improving the quality of the final product.

Comparing the data obtained during the research, it is possible to conclude that the optimal
speed of the kneading body is critical for achieving high-quality dough. The experiments determined
the limits of the critical speed, after which the elasticity and plasticity of the dough improved, which
had a positive effect on further processing and baking. However, the study also determined that
increasing the rotational speed beyond the optimum values can cause a decrease in dough quality due
to overheating and excessive mechanical processing.

The pH analysis showed that its value was not significantly affected by changes in the speed of
rotation of the kneading bodies. This indicates that the pH is consistently maintained within the
optimum range, which ensures the proper activity of the enzymes responsible for the fermentation
process. At the same time, pH values also correlate with the quality of the final product. The study
showed that changes in acidity do not negatively affect the texture and taste of the dough.

Y. Gu et al. (2023) concluded that research into the effects of adding new ingredients to dough
can expand the range of products and improve their nutritional properties. It is necessary to determine
how these ingredients affect the mechanical properties of the dough, such as its elasticity, viscosity
and stretching ability. This helps to adjust production processes to ensure consistent quality of the
final product.

0. Ojo et al. (2023) determined that modelling and optimising the kneading process is important
to reduce energy costs in production. The use of efficient kneading machines can reduce energy
consumption while ensuring that the ingredients are mixed evenly. Optimisation of the equipment’s
operating parameters helps create a high-quality dough with predictable properties.

Analysis of study results determined that the addition of new ingredients significantly affects
the texture and mechanical properties of the dough, including its elasticity and cohesion. Tests have
shown that the optimal proportions of ingredients and kneading speed can ensure stable dough
parameters, improving the quality of the final product. In addition, the modelling of the kneading
process made it possible to assess the energy efficiency of dough mixers, which is an important aspect
for reducing production costs and improving the economic efficiency of enterprises.

Thus, the technological parameters of a continuous kneading machine have a significant impact
on the quality of wheat flour dough, in particular on its physicochemical properties, such as viscosity,



elasticity, temperature, acidity and hydration. Increasing the rotational speed of the kneading bodies
improves the mixing of the dough, which contributes to better gluten network development and
elasticity, without a significant negative impact on acidity or hydration.

Conclusions

The study on the effect of the kneading body design and rotation speed on the rheological properties
of the dough found that Variant 4 showed the best results in terms of dough quality. Variant 4 at 55
rpm showed the optimum viscosity value, which ensures the best dough structure. The viscosity value
was 222 Pa-s, which corresponds to the average viscosity value for a high-quality dough. The
increased viscosity helps to achieve a uniform consistency and proper elasticity of the dough, which
is critical for the consistent quality of bakery products.

At a rotational speed of 55 rpm, the yield strength for Variant 4 was 110 Pa. This value indicates
a high resistance to deformation of the dough, which ensures the preservation of its structure and
volume during baking, contributing to the stability of the shape of the products during heat treatment.

The shear stress for Variant 4 at 55 rpm was 181 Pa, which is the optimum value for maintaining
the elasticity and plasticity of the dough. This parameter ensures proper resistance of the dough to
mechanical stress during kneading and moulding, which avoids structural damage.

Variant 4 at 55 rpm showed a shear modulus of 278 Pa, which indicates a high elasticity of the
dough. A high shear modulus allows the dough to retain its shape during expansion and prevents it
from tearing. This is important for achieving the desired texture and consistent quality of the final
product.

The dough temperature for Variant 4 at 55 rpm did not exceed 29°C, which is important for
maintaining the optimal activity of the yeast and enzymes required for dough fermentation. This
ensures optimal conditions for fermentation, which has a positive effect on the quality of the products.

The automatic control system, using a programmable logic controller, ensures precise control
and synchronisation of all process steps. The controller monitors process parameters and regulates
the execution of technological operations. The diametric spectroscopy enables continuous control of
the kneading body speed during the dough kneading process, depending on its consistency.

The limitation of the study is the use of only one type of wheat flour and the lack of
consideration of variable factors such as ambient temperature and humidity. For further development
of the study, it is necessary to study the effect of different types of flour and their moisture content
on the rheological properties of the dough when using different kneading body rotation speeds.
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