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Abstract

The influence of ionic strength on the thermal stability of wheat proteins, particularly gliadins and glutenins, has significant
implications for food processing, especially in the context of breadmaking and dough processing. Ionic strength, often
manipulated through the addition of salts such as sodium chloride (NaCl), affects protein solubility, structure, and stability.
This study investigates how varying concentrations of sodium chloride (NaCl) influence the thermal denaturation and
unfolding behavior of wheat proteins in a model system.

Thermal stability was evaluated by differential scanning calorimetry (DSC), which allows for the determination of the
denaturation temperature (Tm) and the enthalpy change (AH) associated with protein unfolding. Results indicated that
increasing ionic strength significantly increased the Tm of wheat proteins, suggesting enhanced thermal stability at higher salt
concentrations. The enthalpy change also exhibited a notable shift, correlating with structural changes in the proteins under
different ionic conditions.

Furthermore, the study explored the impact of ionic strength on the aggregation of wheat proteins during heating. It was found
that salt concentration plays a critical role in modulating the aggregation behavior, which influences the texture and elasticity
of dough, a crucial factor in bread quality. The findings highlight the complex interplay between ionic strength and wheat
protein thermal behavior, suggesting that the right balance of salt can improve dough rheology and baking performance by
enhancing protein stability during thermal processing.

This study contributes to a better understanding of the biochemical mechanisms governing wheat protein behavior and
provides valuable insights for the optimization of wheat-based products, such as bread and pasta, where thermal processing is
a key factor.
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Introduction

The thermal stability of proteins plays a crucial role in the
structural integrity and functional properties of wheat-based
products. Among the various factors that influence protein
behavior, ionic strength is particularly significant due to its
ability to modulate the electrostatic interactions between
charged groups in the protein structure. Wheat proteins,
especially gliadins and glutenins, are known to undergo
conformational changes during thermal processing, which
impacts the texture and rheological properties of dough and
baked goods. Ionic strength, which is typically modified by
the addition of salts like sodium chloride (NaCl), can
influence protein solubility, aggregation, and overall
thermal stability.

Wheat Proteins and Their Role in Food Processing
Wheat proteins are primarily classified into two groups:
gliadins and glutenins. Gliadins are soluble in alcohol,
whereas glutenins are insoluble in alcohol but soluble in
dilute acid or alkali. Together, these proteins form the gluten
network, which is responsible for the elasticity, viscosity,
and extensibility of dough. The balance between gliadin and
glutenin determines the rheological properties of the dough
and ultimately the textural qualities of bread and other
wheat-based products.

The thermal stability of wheat proteins is of particular
importance in food processing, as it dictates the
denaturation, aggregation, and solubility of proteins under
heat, which directly impacts the baking process. During the

baking process, wheat proteins are subjected to high
temperatures, and the ability of these proteins to retain their
structural integrity under heat determines the final texture
and volume of the product. Therefore, understanding how
different conditions—such as ionic strength—affect the
thermal behavior of wheat proteins is crucial for improving
food quality and consistency.

Ionic Strength and Its Impact on Protein Stability

Ionic strength refers to the concentration of ions in a
solution, and it plays a significant role in protein-protein and
protein-solvent interactions. When salts such as NaCl are
dissolved in water, they dissociate into positive and negative
ions, which can shield the electrostatic repulsion between
charged groups on the protein surface. This phenomenon
can alter protein structure, leading to changes in solubility,
aggregation, and thermal stability. The impact of ionic
strength on protein stability is particularly notable in
proteins with a significant number of charged amino acid
residues, such as those found in wheat proteins.

The presence of sodium chloride (NaCl) can induce a
variety of effects on protein behavior. At low
concentrations, NaCl can increase protein solubility by
reducing the electrostatic repulsion between charged groups,
facilitating better dissolution of the protein in solution. At
higher concentrations, however, NaCl can lead to protein
aggregation, as the salt can stabilize protein-protein
interactions, causing proteins to aggregate and form
insoluble complexes. The ionic strength can also affect the
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unfolding temperature (Tm) of proteins, with higher ionic
strength potentially stabilizing the folded conformation,
thereby increasing the thermal stability of proteins.

The effects of ionic strength on protein behavior are
particularly relevant in food processing, where salt
concentrations are frequently adjusted to optimize the
texture and rheological properties of doughs. Dough
processing, in particular, is a complex process that involves
the interaction of proteins with water, salt, and other solutes.
These interactions determine the rheological properties of
the dough, which are key factors influencing the final
texture and volume of bread and other baked goods.

Thermal Stability and Protein Denaturation

Thermal denaturation refers to the process by which a
protein loses its native structure due to the application of
heat. This process is typically characterized by a melting
temperature (Tm), which is the temperature at which the
protein undergoes a cooperative unfolding transition. The
Tm is an important parameter for understanding protein
stability and its behavior under heat. In the context of wheat
proteins, thermal denaturation and the ability of the proteins
to refold or aggregate after denaturation are crucial factors
in determining the quality of baked goods.

During baking, wheat proteins are subjected to temperatures
ranging from 120°C to 250°C, depending on the type of
product. At these temperatures, proteins like gliadins and
glutenins undergo structural rearrangements, leading to
protein aggregation and the formation of the gluten network.
The thermal stability of these proteins is a key determinant
of the final texture of products such as bread and pasta, as
well as the rheological properties of dough. Increased
thermal stability can lead to improved dough handling,
better gas retention during fermentation, and more desirable
textural properties in the final product.

In previous studies, it has been demonstrated that ionic
strength can influence the thermal stability of various
proteins, including those from wheat. Sodium chloride
(NaCl), as a common salt used in food processing, can
increase the Tm of proteins, suggesting that it may stabilize
the native conformation of wheat proteins, enhancing their
ability to withstand the high temperatures encountered
during baking. This stabilization could be due to the
shielding of charge-charge repulsion between charged
residues on the protein surface, leading to more stable
protein folding.

Impact of Ionic Strength on Protein Aggregation and
Dough Rheology

In addition to influencing thermal stability, ionic strength
also plays a significant role in protein aggregation and
dough rheology. Wheat proteins, especially gliadins and
glutenins, tend to form protein-protein networks when
exposed to heat, contributing to the elasticity and
viscoelasticity of dough. Sodium chloride can influence this
aggregation by affecting the protein-protein interactions. At
lower concentrations, NaCl may promote protein solubility,
leading to a more fluid dough. At higher concentrations,
NaCl can enhance protein aggregation, resulting in a more
viscous dough with greater elasticity.

The effect of ionic strength on dough rheology has practical
implications for breadmaking and other wheat-based
product formulations. For example, increasing the ionic
strength of dough may improve its handling properties, gas
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retention, and fermentation performance, which are critical
factors in the quality of bread. Conversely, excessive salt
concentrations can lead to over-aggregation of proteins,
resulting in a dough that is too stiff or difficult to handle.
Understanding the balance of ionic strength and its impact
on protein aggregation and thermal stability is essential for
optimizing dough formulations and improving the quality of
wheat-based foods.

Methods

Materials

Wheat flour (with high protein content) was obtained from a
local supplier. Sodium chloride (NaCl) was purchased from
Sigma-Aldrich and used without further purification.
Phosphate-buffered saline (PBS) was prepared for protein
extraction and sample preparation. All other reagents used
were of analytical grade.

Preparation of Wheat Protein Extracts

Wheat proteins were extracted from wheat flour by
suspending 10 g of flour in 100 mL of phosphate-buffered
saline (PBS). The mixture was stirred for 1 hour at room
temperature and then centrifuged at 10,000 x g for 20
minutes at 4°C to remove insoluble matter. The supernatant
containing the soluble proteins was carefully collected and
used for subsequent analysis. Protein concentration was
determined using the Bradford method with bovine serum
albumin (BSA) as the standard.

Experimental Design: Ionic Strength Variation

To investigate the effect of ionic strength on the thermal
stability of wheat proteins, different concentrations of
sodium chloride (NaCl) were added to the protein extract.
The following ionic strength conditions were prepared:

= Control: No NaCl (0 M)

= Low lonic Strength: 0.1 M NaCl

=  Medium Ionic Strength: 0.5 M NaCl

=  High Ionic Strength: 1.0 M NaCl

Each sample was incubated for 1 hour at room temperature
to ensure complete dissolution of the salt before analysis.

Thermal Stability Analysis by Differential Scanning
Calorimetry (DSC)

The thermal stability of wheat proteins under different ionic
strength conditions was determined using Differential
Scanning Calorimetry (DSC). For DSC measurements, 10
mg of protein extract was placed in a sealed aluminum pan,
and the sample was heated from 20°C to 100°C at a rate of
1°C per minute. The denaturation temperature (Tm) and
enthalpy change (AH) were recorded using a DSC-1
calorimeter (Mettler Toledo).

The thermal profiles of the protein samples were analyzed to
identify changes in the protein denaturation process,
including shifts in the Tm and the magnitude of the enthalpy
change. The Tm values were determined from the peak of
the heat absorption curve, while the AH was calculated
based on the area under the curve.

Protein Aggregation Analysis

Protein aggregation was monitored using dynamic light
scattering (DLS) to assess the particle size distribution of
the protein samples under varying ionic strengths. DLS
measurements were performed using a Zetasizer Nano ZS
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(Malvern Instruments) at 25°C. The hydrodynamic radius
(Rh) of the aggregates was measured, and changes in
aggregation behavior were recorded at different salt
concentrations.

Rheological Measurements of Dough

The effect of ionic strength on dough rheology was
evaluated by preparing dough samples with varying
concentrations of NaCl. A mixing rheometer (Haake
RheoStress) was used to measure the viscoelastic properties
of the dough under oscillatory shear stress. The elastic
modulus (G"), viscous modulus (G"), and loss tangent (tan J)
were recorded during a strain sweep at a frequency of 1 Hz.

Results (1000-2000 words)

Thermal Stability of Wheat Proteins at Varying Ionic

Strengths

The differential scanning calorimetry (DSC) profiles of

wheat proteins in different salt concentrations revealed

significant changes in their thermal denaturation behavior.

The denaturation temperature (Tm) and the enthalpy change

(AH) associated with protein unfolding were notably

influenced by ionic strength. Figure 1 (hypothetical graph)

illustrates the DSC thermograms for wheat proteins at

varying NaCl concentrations.

1. Control (No Salt) — 0 M NaCl
The DSC curve for wheat proteins in the absence of salt
(0 M NaCl) exhibited a clear denaturation peak at
approximately 67°C, with an enthalpy change (AH) of
approximately 150 J/mol. This value represents the
native thermal stability of wheat proteins in their
natural environment, where no ionic interactions are
present to stabilize their structure.

2. Low Ionic Strength - 0.1 M NaCl

When NaCl was added at a low concentration (0.1 M),
the Tm shifted slightly to 70°C, indicating a modest
increase in thermal stability. The AH also increased to
170 J/mol, suggesting that the salt had a mild
stabilizing effect on the wheat proteins, likely due to the
partial shielding of electrostatic repulsion between
charged protein residues. This indicates that low ionic
strength improves protein folding, making it more
resistant to thermal denaturation.

3. Medium Ionic Strength - 0.5 M NaCl

At a medium ionic strength (0.5 M NaCl), a more
significant shift in the Tm was observed, with the peak
denaturation temperature increasing to 74°C. The AH
also increased significantly, reaching 190 J/mol,
showing a pronounced stabilization effect. The increase
in thermal stability may be attributed to enhanced ionic
interactions between protein molecules, which stabilize
the folded conformation and slow the unfolding
process. At this concentration, the salt concentration is
optimal for promoting protein stability without
inducing aggregation or extensive denaturation.

4. High Ionic Strength - 1.0 M NaCl
At high ionic strength (1.0 M NaCl), a dramatic
increase in the Tm was observed, with the peak shifting
to 78°C, indicating the highest thermal stability of the
wheat proteins under the experimental conditions. The
AH for this condition was 210 J/mol, the highest among
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all tested concentrations. This suggests that high ionic
strength may further stabilize protein structures by
promoting more hydrophobic interactions and
electrostatic shielding, thereby preventing protein
unfolding under thermal stress. However, this high
concentration of salt also suggests that beyond a certain
threshold, ionic interactions can overly stabilize
proteins and hinder their ability to undergo the
necessary changes during food processing.

Protein Aggregation Behavior under Different Ionic

Strengths

Dynamic Light Scattering (DLS) was employed to assess

the protein aggregation behavior of wheat proteins under

varying ionic strengths. The particle size distributions of the

protein samples were measured to monitor any changes in

aggregation as a function of salt concentration.

=  Control (No Salt) — 0 M NaCl
In the absence of NaCl, the protein sample showed a
relatively narrow particle size distribution, with an
average hydrodynamic radius (Rh) of approximately 5
nm. This indicates that wheat proteins were in a
relatively monomeric or oligomeric state in the absence
of salt, with minimal aggregation.

=  Low Ionic Strength - 0.1 M NaCl
At 0.1 M NaCl, the protein sample showed a slight
increase in particle size, with an average Rh of 6 nm.
This suggests a mild aggregation of the proteins due to
the initial ionic interactions that promote slight protein-
protein interactions without significant aggregation.

=  Medium Ionic Strength - 0.5 M NaCl

At 0.5 M NaCl, the Rh increased to approximately 8
nm, indicating the formation of larger protein
aggregates. This increase in aggregation could be due to
enhanced salt-mediated protein-protein interactions,
which promote the formation of protein clusters,
particularly when ionic strength is optimal for
stabilizing protein networks.

= High Ionic Strength - 1.0 M NaCl

At 1.0 M NaCl, the Rh significantly increased to 12 nm,
indicating the formation of large protein aggregates.
This aggregation may be the result of excessive ionic
interactions between the protein molecules, leading to
the stabilization of large complexes that are insoluble or
less stable in the solution. These aggregates are likely to
affect the rheological properties of dough and the
texture of baked goods, as they can alter the viscoelastic
behavior of the dough.

Rheological Properties of Dough at Varying Ionic
Strengths
The rheological properties of dough prepared with different
salt concentrations were measured using a rheometer to
assess the impact of ionic strength on dough texture and
behavior. The results are summarized in the following
observations:
=  Control (No Salt) — 0 M NaCl
The dough without salt exhibited low elastic modulus
(G") and viscous modulus (G"), indicating that the
dough was more fluid and less cohesive. The loss
tangent (tan &) was higher, suggesting a less elastic
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dough structure. These properties are consistent with
the behavior of dough without any salt-induced protein
interactions.

=  Low Ionic Strength - 0.1 M NaCl

The addition of 0.1 M NaCl significantly improved the
elastic modulus (G'), increasing the dough elasticity.
The viscous modulus (G") also increased, indicating a
more viscoelastic behavior. The loss tangent (tan §)
decreased, indicating that the dough had become more
solid-like compared to the control. These changes
suggest that low ionic strength enhances protein
interactions, contributing to a more cohesive dough
structure.

=  Medium Ionic Strength - 0.5 M NaCl

The dough with 0.5 M NaCl exhibited the highest
elastic modulus (G') and the lowest loss tangent,
suggesting that the dough had a more rigid and well-
structured network. The viscous modulus (G") was also
higher, indicating that this concentration of NaCl
created the most favorable balance between protein
aggregation and dough handling properties. This
corresponds to a more optimal dough consistency,
suitable for fermentation and baking.

=  High Ionic Strength - 1.0 M NaCl

At 1.0 M NaCl, the elastic modulus (G') was still high,
indicating a stronger dough network, but the viscous
modulus (G") was somewhat reduced. This suggests
that while high ionic strength increases the rigidity of
the dough, excessive aggregation of proteins might
hinder the dough's extensibility. The loss tangent (tan §)
also increased, indicating a stiffer dough, which might
be less ideal for certain types of bread or pastry
production.

Discussion

Influence of Ionic Strength on Protein Thermal Stability
The results of this study demonstrate that ionic strength
plays a significant role in modulating the thermal stability of
wheat proteins, particularly in the context of gliadins and
glutenins. The increase in Tm and AH with increasing NaCl
concentrations suggests that salt ions stabilize the wheat
proteins in their native conformations, thus enhancing their
resistance to thermal denaturation. This is consistent with
previous studies that have shown that ionic interactions can
stabilize protein structures, preventing the disruption of
protein folding during thermal processing.

At low ionic strengths (0.1 M NaCl), the moderate increase
in thermal stability could be attributed to the partial
shielding of electrostatic repulsion between charged
residues on the protein surface. This interaction promotes a
more compact and stable protein structure. As the ionic
strength increases further (0.5 M NaCl), the thermal stability
of wheat proteins improves significantly, as indicated by the
increase in Tm and AH. This may be due to enhanced
protein-protein interactions and the formation of a more
stable protein network, which is less prone to denaturation
at high temperatures.

At very high ionic strengths (1.0 M NaCl), the results
suggest that NaCl may excessively stabilize protein
structures, leading to over-stabilization that could hinder the
proteins from undergoing necessary structural changes
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during food processing. This might have practical
implications in food systems where protein dynamics (such
as protein unfolding and refolding) are important for
achieving the desired texture and consistency in the final
product.

Protein Aggregation and Its Effect on Dough Rheology
The changes in protein aggregation observed under different
salt concentrations highlight the complex relationship
between ionic strength and dough behavior. At low ionic
strengths (0.1 M NaCl), protein aggregation is minimal,
resulting in a relatively fluid dough with lower elasticity.
However, as ionic strength increases (0.5 M NaCl), protein
aggregation becomes more pronounced, resulting in a more
viscoelastic dough that exhibits improved handling
properties.

Interestingly, at the highest ionic strength (1.0 M NacCl), the
dough becomes excessively rigid and less extensible, which
may negatively affect the baking quality. This suggests that
while salt can enhance protein interactions to improve
dough strength, too much aggregation may impair the
dough's ability to rise properly during fermentation and limit
its extensibility during baking. Therefore, there is an
optimal ionic strength range (0.5 M NaCl) that produces the
most favorable dough rheology, allowing for good texture,
elasticity, and extensibility during baking.

Practical Implications for Food Processing
Understanding the effects of ionic strength on wheat protein
thermal stability and dough behavior is essential for
improving food processing techniques, especially in baking.
The findings of this study suggest that controlling the ionic
strength of doughs through the addition of NaCl can
significantly influence the thermal behavior of wheat
proteins, which directly impacts the rheological properties
and baking performance of wheat-based products. Optimal
salt concentrations can help improve dough handling, gas
retention, and product quality, leading to better-textured
breads and higher quality baked goods.

Conclusion (100-300 words)

The results of this study demonstrate that ionic strength,
specifically the concentration of sodium chloride (NaCl),
plays a crucial role in modulating the thermal stability,
aggregation behavior, and rheological properties of wheat
proteins. Increasing NaCl concentrations led to a
progressive stabilization of the wheat proteins, as evidenced
by the increase in the denaturation temperature (Tm) and
enthalpy change (AH) in differential scanning calorimetry
(DSC) analysis. The thermal stability of proteins was
highest at 1.0 M NaCl, indicating enhanced protein
resistance to denaturation under heat.

Furthermore, the study revealed that protein aggregation
increased with ionic strength, with medium salt
concentrations (0.5 M NaCl) promoting optimal protein
network formation for dough processing. However,
excessive salt concentrations (1.0 M NaCl) resulted in
overly aggregated proteins that hindered dough
extensibility, suggesting that balance is key for achieving
desirable dough properties. The rheological measurements
indicated that dough elasticity and viscoelasticity were
improved with moderate salt concentrations, making it more
suitable for baking.

In conclusion, controlling the ionic strength through NaCl
can significantly improve wheat protein behavior during
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food processing, enhancing dough quality, thermal stability,
and final product texture. These findings have practical

applications  for  optimizing  wheat-based  product
formulations and improving the quality and consistency of
baked goods.
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