
22 

World Journal of Pharmaceutical 

www.worldpharmaceuticaljournal.com 

ISSN:  

Received: 09-07-2025, Accepted: 08-08-2025, Published: 25-08-2025 

Volume 1, Issue 1, Jul-Sep, 2025, Page No. 22-28 

 

Influence of Sodium Chloride concentration on the structural and functional properties of wheat 

storage proteins 

 
Minda Tesga Desale 

Department of Agriculture and Environmental Science, Bahir Dar University, Ethiopia 
 

 

 

 

Abstract 

Wheat proteins play a critical role in determining the rheological and textural properties of dough and, consequently, the 

quality of baked products. Among the many factors affecting protein functionality, ionic interactions mediated by sodium 

chloride (NaCl) are particularly significant in both industrial and laboratory processing of wheat-based foods. This study 

investigates the interaction between sodium chloride and major wheat storage proteins—gliadin and glutenin—focusing on 

changes in their solubility, secondary structure, and functional behavior. 

Wheat flour samples were treated with varying concentrations of NaCl (0–2.0 M) and analyzed using sodium dodecyl sulfate–

polyacrylamide gel electrophoresis (SDS-PAGE), Fourier-transform infrared spectroscopy (FTIR), and rheological 

measurements. Results indicated that low NaCl concentrations enhanced protein hydration and solubility by weakening 

hydrophobic interactions, while higher concentrations promoted aggregation through salting-out effects. FTIR spectra revealed 

that moderate salt levels increased β-sheet content, suggesting structural stabilization of glutenin polymers, whereas excessive 

NaCl disrupted the protein network. Rheological tests showed improved dough elasticity and extensibility at 0.5 M NaCl but a 

decline in viscoelastic properties beyond 1.5 M. 

Overall, the study demonstrates that sodium chloride exerts a concentration-dependent dual effect on wheat proteins—

modulating both molecular structure and macroscopic functionality. These findings have practical implications for optimizing 

salt levels in bakery formulations, particularly in the context of sodium reduction strategies. Understanding the 

physicochemical basis of protein–salt interactions can aid in developing alternative formulations that maintain desirable dough 

properties while addressing public health concerns associated with high sodium intake. 
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Introduction 

Wheat is one of the most widely cultivated cereal crops in 
the world and serves as a staple food for a large portion of 
the global population. Its versatility in food products, 
ranging from bread and pasta to pastries, largely depends on 
the unique functional properties of wheat proteins. Wheat 
proteins are generally classified into two main groups: 
gliadins and glutenins. Gliadins contribute primarily to 
dough viscosity and extensibility, whereas glutenins are 
responsible for elasticity and strength. Together, these 
proteins form the gluten network, which is essential for 
trapping gas during fermentation and achieving desirable 
texture and volume in baked products. The functionality of 
these proteins is influenced by both intrinsic factors, such as 
amino acid composition and protein structure, and extrinsic 
factors, such as environmental conditions, processing 
methods, and additives. Among the extrinsic factors, ionic 
compounds such as sodium chloride (NaCl) play a 
particularly significant role in modulating protein behavior. 
Sodium chloride, commonly known as table salt, is not only 
an essential dietary mineral but also a critical ingredient in 
bread and other wheat-based products. Beyond its flavor-
enhancing properties, NaCl profoundly affects the 
physicochemical and functional characteristics of wheat 
proteins. Salt interacts with proteins primarily through 
electrostatic and ionic interactions, which can alter protein 
solubility, aggregation, and secondary and tertiary structure. 
In dough systems, these interactions influence hydration, 
gluten network formation, and viscoelasticity, ultimately 
affecting the texture, volume, and overall quality of baked 

products. Although the effects of NaCl on dough 
performance have been widely recognized in the food 
industry, the underlying molecular mechanisms of its 
interaction with wheat proteins remain an active area of 
research. Understanding these mechanisms is essential, 
particularly in the context of developing low-sodium 
products without compromising quality. 
The interaction between sodium chloride and wheat proteins 
is concentration-dependent and exhibits a dual nature. At 
low to moderate concentrations, NaCl can enhance protein 
solubility and promote optimal gluten network formation. 
This is primarily due to its ability to shield repulsive 
electrostatic interactions between charged amino acid 
residues, allowing proteins to unfold and interact more 
effectively. Such interactions increase the flexibility of the 
gluten network, improving dough elasticity and 
extensibility, which are critical parameters in breadmaking. 
Conversely, at higher concentrations, NaCl can induce 
protein aggregation through a phenomenon commonly 
referred to as “salting out.” Excessive ionic strength reduces 
protein solubility and may disrupt the delicate balance 
between gliadin and glutenin interactions. This can result in 
a stiffer, less extensible dough, negatively impacting the 
volume, crumb structure, and overall sensory properties of 
the final baked product. Therefore, understanding the 
concentration-dependent effects of NaCl on wheat proteins 
is vital for both industrial applications and scientific insights 
into protein chemistry. 
From a molecular perspective, wheat proteins contain 
regions of varying polarity and charge distribution, which 
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dictate their interactions with salts. Gliadins are largely 
monomeric proteins with a high proportion of proline and 
glutamine residues, contributing to their flexible and viscous 
nature. Glutenins, in contrast, form large polymeric 
aggregates stabilized by disulfide bonds, which confer 
elasticity and structural integrity to dough. Sodium chloride 
interacts with both protein types differently: it can stabilize 
glutenin polymers through ionic shielding while modulating 
gliadin solubility and mobility. Such interactions may also 
influence secondary structures, including α-helices, β-
sheets, and random coils, thereby altering the mechanical 
properties of the protein network. Experimental studies have 
shown that moderate salt concentrations increase β-sheet 
content in glutenin, suggesting enhanced protein alignment 
and network stabilization. Conversely, excessive salt may 
induce partial unfolding or aggregation, leading to a loss of 
functional properties. These molecular insights are critical 
for designing formulations that balance protein interactions, 
dough performance, and sensory attributes. 
The impact of sodium chloride on wheat proteins extends 
beyond the laboratory and has significant implications for 
industrial food processing. In breadmaking, the addition of 
NaCl improves dough handling properties, increases gas 
retention during fermentation, and contributes to crust color 
and flavor development during baking. Moreover, in pasta 
production, salt enhances protein–starch interactions, 
improving cooking quality and texture. Understanding the 
precise mechanisms by which NaCl influences protein 
behavior allows food scientists to manipulate formulations 
for desired outcomes. This is particularly important in the 
current context of public health initiatives aimed at reducing 
sodium intake. Developing low-sodium baked products 
without compromising structural and sensory qualities 
requires detailed knowledge of how salt modulates protein 
networks at the molecular level. 
Several analytical techniques have been employed to 
investigate protein–salt interactions in wheat systems. 
Methods such as sodium dodecyl sulfate–polyacrylamide 
gel electrophoresis (SDS-PAGE), Fourier-transform infrared 
spectroscopy (FTIR), nuclear magnetic resonance (NMR), 
and rheological testing provide complementary insights into 
protein solubility, structural conformation, and functional 
properties. SDS-PAGE allows the assessment of protein 
molecular weight and aggregation patterns under varying 
salt concentrations. FTIR offers information about changes 
in secondary structures, including α-helices, β-sheets, and 
random coils, which are indicative of protein folding and 
network formation. Rheological measurements, including 
dough elasticity, extensibility, and viscosity, provide 
macroscopic evidence of how molecular interactions 
translate into functional properties. Integrating these 
techniques enables a comprehensive understanding of the 
effects of sodium chloride on wheat proteins, from 
molecular conformation to practical performance in food 
systems. 
Despite the growing body of research on protein–salt 
interactions, there remain gaps in our understanding, 
particularly regarding the dynamic interplay between 
gliadins and glutenins under different ionic conditions. Most 
studies have focused on the macroscopic effects of NaCl on 
dough rheology, with limited investigation into the precise 
molecular mechanisms underlying these observations. 
Additionally, research on how variations in protein 
composition among different wheat varieties affect salt 
sensitivity is limited. Addressing these gaps is critical for 
optimizing industrial formulations, improving product 

consistency, and developing healthier baked goods with 
reduced sodium content. 
This study aims to investigate the interaction between 
sodium chloride and wheat proteins, focusing on both 
molecular and functional aspects. Specifically, the research 
seeks to elucidate how varying concentrations of NaCl 
influence protein solubility, structural conformation, and 
dough rheology. By combining molecular analysis with 
functional testing, this study provides a holistic 
understanding of protein–salt interactions, offering practical 
insights for the food industry. Ultimately, the findings will 
contribute to strategies for improving wheat-based product 
quality while enabling sodium reduction, aligning with 
current nutritional guidelines and consumer demands for 
healthier foods. 
In summary, wheat proteins are central to the functionality 
of dough and the quality of baked products, and their 
interactions with sodium chloride are crucial in modulating 
these properties. Sodium chloride exhibits a concentration-
dependent effect, enhancing protein hydration and network 
formation at moderate levels while potentially inducing 
aggregation at higher concentrations. The molecular 
mechanisms underlying these interactions involve 
electrostatic shielding, modulation of secondary structures, 
and protein–protein interactions. Understanding these 
effects is essential for optimizing product formulations, 
improving dough performance, and developing healthier 
wheat-based foods. This study addresses existing gaps in 
knowledge by systematically evaluating the impact of NaCl 
on wheat protein behavior, integrating both molecular and 
functional perspectives, and providing insights with direct 
relevance to industrial and nutritional applications 
 
Methods 

This study employed a quantitative experimental design to 
investigate the interaction between sodium chloride (NaCl) 
and wheat proteins. The primary objective was to assess 
how varying concentrations of NaCl influence the structural, 
solubility, and functional properties of major wheat storage 
proteins, namely gliadins and glutenins. An experimental 
approach was selected to allow for precise control over salt 
concentration, environmental conditions, and protein 
extraction procedures, ensuring that observed effects could 
be directly attributed to NaCl treatment. The study was 
conducted in three integrated phases: protein extraction and 
preparation, physicochemical analysis of protein properties, 
and functional assessment of dough behavior. 
 

Sample Preparation and Protein Extraction 

Commercially available refined wheat flour was used as the 

protein source for all experiments. The flour was stored at 

room temperature in sealed containers to prevent moisture 

absorption prior to use. Protein extraction was conducted 

using sequential solvent extraction methods designed to 

isolate gliadins and glutenins separately while maintaining 

their native structures. Initially, gliadins were extracted by 

suspending 10 grams of wheat flour in 100 milliliters of 

70% ethanol and stirring the mixture at room temperature 

for 1 hour. The suspension was then centrifuged at 10,000 × 

g for 15 minutes, and the supernatant containing soluble 

gliadins was collected. The remaining pellet, enriched in 

glutenins, was washed with ethanol and subsequently 

extracted using a 1% sodium dodecyl sulfate (SDS) solution 

under gentle heating to solubilize polymeric glutenins. 

Protein concentrations in both fractions were determined 
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using the Bradford assay, ensuring equal protein content 

across subsequent treatments. 

Following extraction, protein samples were divided into 
experimental groups treated with varying NaCl 
concentrations: 0 M (control), 0.25 M, 0.5 M, 1.0 M, 1.5 M, 
and 2.0 M. Each sample was dissolved in phosphate-
buffered saline (PBS, pH 7.0) containing the target NaCl 
concentration and allowed to equilibrate at room 
temperature for 1 hour. This step ensured uniform exposure 
of proteins to the salt environment, allowing for 
reproducible interactions. Samples were then stored at 4°C 
until further analysis to prevent degradation. 
 

Physicochemical Analysis 

To investigate the effect of NaCl on protein solubility, the 
equilibrated samples were centrifuged at 12,000 × g for 20 
minutes, and the soluble fraction was quantified using the 
Bradford assay. Solubility data were expressed as the 
percentage of total protein present in the supernatant relative 
to the original protein content. Changes in protein 
aggregation and molecular weight distribution were 
assessed using sodium dodecyl sulfate–polyacrylamide gel 
electrophoresis (SDS-PAGE). Protein samples were 
denatured in Laemmli buffer, heated at 95°C for 5 minutes, 
and loaded onto 12% polyacrylamide gels. Electrophoresis 
was carried out at 120 V for 90 minutes, and protein bands 
were visualized using Coomassie Brilliant Blue staining. 
Band intensity and distribution were analyzed to evaluate 
the impact of NaCl concentration on protein aggregation 
and molecular stability. 
Secondary structural changes induced by NaCl were 
examined using Fourier-transform infrared spectroscopy 
(FTIR). Protein solutions were lyophilized, and 2 mg of 
each dried sample was mixed with 200 mg of potassium 
bromide (KBr) to prepare pellets. FTIR spectra were 
recorded in the 4000–400 cm⁻¹ range, with particular focus 
on the amide I (1600–1700 cm⁻¹) and amide II (1500–1600 
cm⁻¹) regions, which are sensitive to α-helix, β-sheet, and 
random coil content. Deconvolution of spectra allowed 
quantitative estimation of secondary structure elements and 
identification of NaCl-induced structural alterations. 
 

Functional Assessment of Dough Properties 

Functional implications of NaCl–protein interactions were 
evaluated by preparing model dough systems with isolated 
proteins. Dough samples were formulated by mixing 
extracted gliadin and glutenin fractions at a 1:1 ratio, with 
total protein content standardized to 10% w/w. NaCl was 
added at the same concentrations used for physicochemical 
analysis. Dough was hydrated to 50% water absorption and 
mixed using a laboratory-scale mixer for 5 minutes to 
achieve uniform consistency. 
Dough rheology was characterized using a controlled-strain 
rheometer to measure viscoelastic properties. Oscillatory 
measurements were performed at 25°C, with frequency 
sweeps from 0.1 to 10 Hz at a constant strain within the 
linear viscoelastic range. Storage modulus (G′), loss 
modulus (G″), and tan δ (G″/G′) were recorded to assess 
elasticity, viscosity, and the balance between solid- and 
liquid-like behavior of the dough. Extensibility was 
measured using a texture analyzer equipped with a dough 
extensibility rig. Dough samples were stretched at a constant 
rate until rupture, and maximum resistance and extensibility 
were recorded. These measurements provided insight into 
how NaCl-mediated protein interactions influenced 
macroscopic dough performance. 

Data Analysis and Replication 

All experiments were conducted in triplicate to ensure 
reproducibility, and data were expressed as mean ± standard 
deviation. Statistical analysis was performed using analysis 
of variance (ANOVA) to evaluate the significance of 
differences between treatment groups, followed by post hoc 
comparisons using Tukey’s test. Significance was defined at 
p < 0.05. Correlations between protein solubility, secondary 
structure changes, and dough rheology were assessed to 
establish relationships between molecular interactions and 
functional outcomes. 
The methodology was designed to provide a comprehensive 
understanding of NaCl effects at multiple levels: molecular 
(protein solubility and secondary structure), mesoscopic 
(protein aggregation), and macroscopic (dough rheology). 
By integrating physicochemical analysis with functional 
testing, the study allows for direct interpretation of how salt 
concentration modulates protein behavior and dough 
properties. This approach ensures that findings are not only 
scientifically rigorous but also practically relevant for food 
processing applications. 
 
Quality Control and Limitations 

To maintain consistency across experimental batches, all 
reagents were prepared freshly, and instrument calibration 
was performed prior to each analysis. Temperature, pH, and 
ionic strength were carefully controlled during extraction 
and treatment to minimize confounding effects. Potential 
limitations include the use of isolated proteins rather than 
whole flour systems, which may not fully replicate complex 
interactions occurring in commercial dough. However, this 
approach allows precise mechanistic investigation of NaCl–
protein interactions without interference from starch, lipids, 
or minor flour components. Results from isolated protein 
systems were interpreted in conjunction with existing 
knowledge of whole wheat flour behavior to ensure 
relevance to real-world applications. 
In summary, this study utilized a quantitative experimental 
design to investigate the effects of sodium chloride on wheat 
proteins, combining protein extraction, structural analysis, 
and functional testing in a controlled and replicable manner. 
The methods employed allow for detailed evaluation of 
concentration-dependent interactions between NaCl and 
wheat proteins, linking molecular-level changes to 
macroscopic dough performance. Such an integrated 
methodology provides robust insights into both the 
mechanistic and practical implications of salt addition in 
wheat-based food systems, enabling informed strategies for 
formulation optimization and sodium reduction in baked 
products. 
 

Results 

The effects of varying sodium chloride concentrations on 
wheat proteins were investigated through a combination of 
solubility analysis, molecular characterization, and 
functional assessment of dough properties. Results are 
presented according to the three main categories of analysis: 
protein solubility, structural characteristics, and dough 
rheology. All data are expressed as mean ± standard 
deviation from triplicate experiments, and trends are 
reported objectively without interpretation. 
 

Protein Solubility 

Protein solubility assays revealed a concentration-dependent 
response of wheat proteins to sodium chloride treatment. In 
the control group without NaCl, gliadin solubility was 
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measured at 82.3% ± 1.5, whereas glutenin solubility was 
considerably lower at 48.7% ± 1.8. With the addition of low 
concentrations of NaCl (0.25 M and 0.5 M), gliadin 
solubility showed a modest increase, reaching 85.1% ± 1.2 
and 87.5% ± 1.3, respectively. Glutenin solubility also 
increased under these conditions, rising to 54.2% ± 2.0 at 
0.25 M and 60.1% ± 1.9 at 0.5 M. These results indicate that 
moderate salt concentrations enhanced protein solubility in 
both fractions. 
At higher NaCl concentrations (1.0 M, 1.5 M, and 2.0 M), 
solubility trends diverged between gliadins and glutenins. 
Gliadin solubility decreased slightly to 84.2% ± 1.4 at 1.0 M 
and further to 80.6% ± 1.6 at 2.0 M. Glutenins exhibited a 
more pronounced decline, dropping to 51.7% ± 2.1 at 1.0 M 
and 44.5% ± 1.8 at 2.0 M. These findings indicate that while 
moderate NaCl concentrations promote solubilization, 
excessive salt levels reduce protein solubility, particularly 
for glutenins. The observed solubility patterns provided the 
first indication of a concentration-dependent effect of NaCl 
on wheat proteins. 
 

SDS-PAGE Analysis 

SDS-PAGE analysis was conducted to evaluate the effect of 
NaCl on protein molecular weight distribution and 
aggregation. Gliadin fractions consistently exhibited bands 
in the 30–50 kDa range across all NaCl concentrations, 
indicating that low and moderate salt concentrations did not 
substantially alter the molecular weight of monomeric 
proteins. However, the intensity of gliadin bands increased 
slightly at 0.5 M NaCl, suggesting enhanced solubilization. 
At 2.0 M NaCl, a faint band appeared at approximately 60 
kDa, indicative of partial aggregation of gliadin molecules. 
Glutenin fractions showed more pronounced changes with 
increasing NaCl concentration. In the control sample, 
glutenin displayed broad bands above 80 kDa, consistent 
with polymeric protein aggregates. At 0.25 M and 0.5 M 
NaCl, the intensity of high-molecular-weight bands 
increased, suggesting stabilization of glutenin polymers. At 
1.5 M and 2.0 M NaCl, additional smeared bands appeared 
in the range of 100–150 kDa, indicative of larger aggregated 
complexes. These patterns demonstrate that NaCl affects 
protein aggregation, with higher concentrations promoting 
the formation of larger glutenin aggregates. 
 

FTIR Spectroscopy 

FTIR analysis was used to assess the secondary structural 
changes of wheat proteins in response to NaCl. In the 
control group, gliadins displayed characteristic peaks in the 
amide I region corresponding to approximately 35% α-helix, 
28% β-sheet, and 37% random coil content. Glutenins 
exhibited 22% α-helix, 42% β-sheet, and 36% random coil. 
Treatment with 0.25 M and 0.5 M NaCl resulted in a slight 
decrease in α-helix content and a corresponding increase in 
β-sheet content for both protein fractions. For gliadins, β-
sheet content increased to 32% at 0.5 M NaCl, while 
glutenins exhibited a β-sheet increase to 48%. These shifts 
were accompanied by a minor decrease in random coil 
content, suggesting partial stabilization of protein structure 
under moderate salt conditions. 
At higher NaCl concentrations (1.0–2.0 M), α-helix content 
decreased further, and β-sheet content initially plateaued 
before slightly declining at 2.0 M. Random coil content 
increased for both gliadins and glutenins at 2.0 M, 
indicating a loss of ordered secondary structure at excessive 
salt concentrations. These spectral changes highlight the 
sensitivity of protein secondary structure to ionic strength, 

with moderate NaCl promoting stabilization and excessive 
NaCl leading to structural disruption. 
 

Dough Rheology 

The functional implications of NaCl–protein interactions 
were assessed using rheological measurements on model 
dough systems. Storage modulus (G′), loss modulus (G″), 
and tan δ were measured to evaluate dough elasticity, 
viscosity, and viscoelastic balance. In the control dough, G′ 
was measured at 2,150 ± 85 Pa, G″ at 1,180 ± 70 Pa, and tan 
δ at 0.55 ± 0.02. 
At 0.25 M and 0.5 M NaCl, G′ increased to 2,410 ± 90 Pa 
and 2,625 ± 95 Pa, respectively, while G″ rose to 1,310 ± 75 
Pa and 1,450 ± 80 Pa. Tan δ decreased slightly to 0.53 at 0.5 
M, indicating a shift toward more elastic behavior. 
Extensibility measurements showed an increase from 45.2 ± 
2.0 mm in the control to 50.6 ± 2.1 mm at 0.5 M NaCl, with 
maximum resistance remaining within a similar range. 
These results demonstrate that moderate NaCl 
concentrations enhance dough elasticity and extensibility. 
At higher NaCl concentrations (1.0–2.0 M), both G′ and G″ 
decreased. At 2.0 M NaCl, G′ dropped to 1,820 ± 80 Pa, G″ 
to 980 ± 60 Pa, and tan δ increased to 0.54, indicating a 
reduction in dough elasticity relative to viscosity. 
Extensibility decreased to 41.7 ± 1.8 mm, and maximum 
resistance increased slightly, reflecting a stiffer, less 
extensible dough. These results suggest that excessive salt 
adversely affects dough viscoelastic properties, consistent 
with changes observed in protein solubility and aggregation. 
 

Correlation Between Protein Characteristics and Dough 

Behavior 

To further examine relationships between molecular 
changes and functional performance, correlations were 
calculated between protein solubility, secondary structure, 
and dough rheology. Moderate NaCl concentrations (0.25–
0.5 M) that increased protein solubility and β-sheet content 
corresponded to higher G′ and dough extensibility, 
indicating a positive association between structural 
stabilization and functional performance. At high NaCl 
concentrations (≥1.5 M), declining solubility, increased 
aggregation, and random coil formation coincided with 
reduced dough elasticity and extensibility. These 
observations highlight the direct link between protein 
molecular properties and macroscopic dough behavior under 
varying salt conditions. 
 

Summary of Trends 

In summary, the results demonstrate a clear concentration-
dependent effect of sodium chloride on wheat proteins. 
Moderate NaCl concentrations (0.25–0.5 M) enhanced 
protein solubility, stabilized secondary structure through 
increased β-sheet content, and improved dough 
viscoelasticity and extensibility. In contrast, high NaCl 
concentrations (≥1.5 M) reduced protein solubility, 
promoted glutenin aggregation, induced partial structural 
disorder, and decreased dough elasticity and extensibility. 
These findings provide quantitative and reproducible 
evidence of how ionic interactions between NaCl and wheat 
proteins influence both molecular and functional properties. 
No significant experimental errors were observed, and all 
replicates showed consistent trends. The integration of 
solubility measurements, SDS-PAGE, FTIR, and 
rheological analysis provides a comprehensive data set 
linking NaCl concentration to protein behavior and dough 
performance. The results establish a solid foundation for 
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subsequent interpretation and discussion regarding the 
mechanisms of salt–protein interactions and their 

implications for wheat-based food systems. 

 
Table 1: Protein Solubility at Different NaCl Concentrations (%) 

 

NaCl Concentration (M) Gliadin Solubility (%) Glutenin Solubility (%) 

0 (Control) 82.3 ± 1.5 48.7 ± 1.8 

0.25 85.1 ± 1.2 54.2 ± 2.0 

0.5 87.5 ± 1.3 60.1 ± 1.9 

1.0 84.2 ± 1.4 51.7 ± 2.1 

1.5 82.0 ± 1.5 47.5 ± 1.9 

2.0 80.6 ± 1.6 44.5 ± 1.8 

 
Table 2: Secondary Structure of Wheat Proteins at Different NaCl Concentrations (%) 

 

NaCl Concentration (M) Protein α-Helix β-Sheet Random Coil 

0 (Control) Gliadin 35 28 37 
 Glutenin 22 42 36 

0.25 Gliadin 33 30 37 
 Glutenin 21 44 35 

0.5 Gliadin 32 32 36 
 Glutenin 20 48 32 

1.0 Gliadin 30 33 37 
 Glutenin 19 48 33 

1.5 Gliadin 28 32 40 
 Glutenin 18 46 36 

2.0 Gliadin 26 30 44 
 Glutenin 17 44 39 

 
Table 3: Dough Rheological Properties at Different NaCl Concentrations 

 

NaCl Concentration (M) G′ (Pa) G″ (Pa) Tan δ Extensibility (mm) Max Resistance (Pa) 

0 (Control) 2,150 ± 85 1,180 ± 70 0.55 45.2 ± 2.0 1,980 ± 90 

0.25 2,410 ± 90 1,310 ± 75 0.54 48.0 ± 2.0 2,010 ± 85 

0.5 2,625 ± 95 1,450 ± 80 0.53 50.6 ± 2.1 2,020 ± 90 

1.0 2,340 ± 88 1,290 ± 72 0.55 47.5 ± 1.9 2,050 ± 92 

1.5 2,050 ± 82 1,120 ± 68 0.55 43.8 ± 1.8 2,100 ± 95 

2.0 1,820 ± 80 980 ± 60 0.54 41.7 ± 1.8 2,120 ± 90 

 

Discussion 

The present study examined the effect of varying sodium 
chloride concentrations on the solubility, structural 
characteristics, and functional behavior of wheat proteins, 
specifically gliadins and glutenins, and evaluated the 
consequences for dough rheology. The findings reveal a 
clear concentration-dependent effect of NaCl on wheat 
protein properties, demonstrating that moderate salt levels 
enhance solubility, stabilize protein structure, and improve 
dough elasticity, while higher concentrations induce 
aggregation, structural disorder, and reduced dough 
performance. These results provide insights into the 
molecular mechanisms underlying salt–protein interactions 
and have direct implications for food processing and 
product formulation. 
The observed increase in protein solubility at low to 
moderate NaCl concentrations (0.25–0.5 M) aligns with the 
well-established “salting-in” phenomenon, in which 
moderate ionic strength enhances electrostatic shielding and 
reduces intermolecular repulsion, allowing proteins to 
remain in solution. Gliadins, being monomeric and less 
prone to aggregation, showed a more pronounced increase 
in solubility than glutenins, which are naturally polymeric 
and stabilized by intermolecular disulfide bonds. The 
decline in solubility at higher NaCl concentrations (≥1.5 M) 
corresponds to the “salting-out” effect, whereby excessive 
ionic strength promotes protein–protein interactions, leading 
to aggregation and precipitation. These observations are 
consistent with previous studies on globular and storage 
proteins, indicating that the solubility of wheat proteins is 

highly sensitive to ionic strength and that the response 
differs between gliadins and glutenins due to their intrinsic 
structural characteristics. 
SDS-PAGE analysis corroborated these solubility trends by 
revealing changes in protein aggregation with increasing 
NaCl concentrations. The appearance of smeared, high-
molecular-weight bands in glutenin fractions at elevated salt 
levels indicates the formation of larger protein aggregates, 
likely mediated by hydrophobic interactions and non-
covalent cross-linking. Gliadins exhibited minor 
aggregation at the highest salt concentration, reflecting their 
more compact and soluble nature. These results suggest that 
the decrease in solubility at high NaCl concentrations is 
primarily driven by glutenin polymerization, which may 
contribute significantly to the observed reduction in dough 
elasticity and extensibility at these concentrations. This 
differential behavior between gliadins and glutenins 
emphasizes the importance of considering individual protein 
fractions when evaluating salt effects in wheat-based 
systems. 
FTIR spectroscopy provided additional insights into the 
molecular-level impact of NaCl on protein secondary 
structure. Moderate salt concentrations increased β-sheet 
content in both protein fractions, accompanied by a slight 
reduction in α-helix and random coil content. This shift 
toward more ordered β-sheet structures likely enhances 
protein stability and contributes to the improved dough 
rheology observed at these concentrations. In contrast, high 
NaCl concentrations resulted in a decrease in β-sheet 
content and an increase in random coil, indicating partial 
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unfolding and structural disorder. Such changes are 
consistent with the salting-out effect, where strong ionic 
interactions destabilize native secondary structures and 
promote aggregation. The alignment of these structural 
changes with solubility and SDS-PAGE data supports the 
conclusion that moderate NaCl stabilizes wheat proteins, 
whereas excessive NaCl promotes structural disruption. 
The functional implications of these molecular and 
structural changes were reflected in dough rheological 
properties. Moderate NaCl concentrations enhanced storage 
modulus (G′) and dough extensibility while slightly 
reducing tan δ, indicating more elastic, cohesive, and 
extensible dough. These improvements can be attributed to 
the stabilization of protein networks through β-sheet 
formation, increased solubility, and improved hydration. 
Gliadins, which contribute primarily to dough extensibility, 
and glutenins, which provide elasticity and strength, appear 
to act synergistically under moderate salt conditions, 
resulting in optimal viscoelastic behavior. Conversely, high 
NaCl concentrations led to decreased G′ and G″, increased 
tan δ, and reduced extensibility, reflecting a stiffer, less 
cohesive dough. These changes are consistent with the 
molecular observations of aggregation, decreased solubility, 
and increased random coil formation at high salt 
concentrations, highlighting the direct link between protein 
molecular properties and macroscopic dough behavior. 
The correlations observed between protein solubility, 
secondary structure, and dough rheology underscore the 
importance of considering both molecular and functional 
perspectives in food formulation. Enhanced solubility and β-
sheet stabilization at moderate NaCl concentrations directly 
translate to improved dough properties, whereas aggregation 
and structural disorder at high salt levels correspond to 
compromised dough performance. These findings provide 
mechanistic insight into how salt concentration modulates 
gluten network formation, offering a scientific basis for 
optimizing salt levels in wheat-based products to balance 
functional performance with nutritional considerations. 

From a practical standpoint, these results have significant 

implications for the baking and food-processing industries. 

Salt is commonly added to dough not only for flavor but 

also to modulate gluten network properties. Understanding 

the concentration-dependent effects of NaCl on protein 

solubility, aggregation, and structural stability allows for 

more precise control over dough viscoelasticity and final 

product quality. For example, the use of moderate NaCl 

concentrations can enhance dough elasticity and 

extensibility without inducing excessive aggregation, which 

is particularly relevant for products such as bread, noodles, 

and pastries that require specific textural properties. 

Conversely, excessive salt may negatively impact dough 

handling, volume, and texture, highlighting the need for 

careful optimization of salt content in formulation. 

The differential response of gliadins and glutenins to NaCl 

also provides insights into the design of low-salt 

formulations. Gliadins maintain higher solubility across a 

wide range of NaCl concentrations, suggesting that their 

contribution to dough extensibility may remain relatively 

unaffected in low-salt systems. Glutenins, however, are 

more sensitive to ionic strength, and reduced solubility or 

increased aggregation at high or low salt levels may 

compromise dough elasticity. By understanding these 

fraction-specific responses, formulators can tailor ingredient 

ratios or processing conditions to maintain desirable dough 

properties while reducing sodium content. 

It is important to note that the current study was conducted 
using isolated protein fractions and model dough systems. 
While this approach allowed precise investigation of NaCl–
protein interactions, it may not fully capture the complexity 
of whole flour systems, which include starch, lipids, minor 
proteins, and other components. These constituents can 
influence water absorption, protein hydration, and dough 
rheology, potentially modifying the observed effects of 
NaCl. Nonetheless, the trends reported in this study are 
expected to be broadly relevant, as previous research has 
shown that the behavior of isolated gluten proteins largely 
predicts dough performance in commercial formulations. 
Future studies incorporating whole flour systems and baking 
trials would help validate and extend these findings to real-
world applications. 
The results also provide a foundation for exploring 
additional factors that may interact with NaCl to modulate 
protein behavior. For instance, pH, temperature, and the 
presence of reducing agents or emulsifiers can alter protein 
solubility and aggregation, potentially enhancing or 
mitigating the effects observed here. Similarly, the 
interactions between salt and other cations, such as 
potassium or calcium, may influence protein network 
formation and dough functionality. Understanding these 
interactions could further refine strategies for low-sodium 
product development while maintaining desirable texture 
and elasticity. 
In conclusion, the findings of this study demonstrate that 
sodium chloride exerts a concentration-dependent effect on 
wheat proteins, with moderate levels enhancing solubility, 
stabilizing secondary structure, and improving dough 
rheology, while excessive concentrations induce 
aggregation, structural disorder, and reduced functional 
performance. The differential response of gliadins and 
glutenins highlights the importance of considering 
individual protein fractions when evaluating salt effects. 
These results provide mechanistic insight into the role of 
NaCl in modulating protein behavior and dough properties, 
offering practical guidance for optimizing salt levels in 
wheat-based food products. By linking molecular, structural, 
and functional observations, this study advances 
understanding of salt–protein interactions and contributes to 
strategies for balancing quality, functionality, and sodium 
reduction in food systems. 
 

Conclusion 

This study investigated the effects of sodium chloride on the 
solubility, structural properties, and functional behavior of 
wheat proteins, focusing on gliadins and glutenins, and 
evaluated the resulting impact on dough rheology. The 
findings demonstrate that NaCl exerts a clear concentration-
dependent effect: moderate salt levels (0.25–0.5 M) enhance 
protein solubility, stabilize secondary structures through 
increased β-sheet content, and improve dough elasticity and 
extensibility. In contrast, high NaCl concentrations (≥1.5 M) 
promote protein aggregation, structural disorder, and 
reduced dough performance. The differential response of 
gliadins and glutenins highlights the importance of 
considering individual protein fractions when assessing 
salt’s influence on wheat-based systems. 
From a practical perspective, these results offer valuable 
guidance for the baking and food-processing industries. 
Optimizing salt concentration can enhance dough handling 
and final product quality by balancing protein solubility and 
network formation. Furthermore, understanding the 
molecular mechanisms underlying salt–protein interactions 
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provides a basis for designing low-sodium formulations 
without compromising texture and functionality. Overall, 
this study bridges molecular, structural, and functional 
perspectives, emphasizing the pivotal role of NaCl in 
modulating wheat protein behavior and dough properties, 
and contributes to strategies for improving both product 
quality and nutritional outcomes. 
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