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ABSTRACT 

This study investigates the effect of ultrasound treatment on the foamability of proteins used in beverages, aiming to 
enhance their foaming properties for improved product quality. Ultrasound, known for its ability to induce physical and 
chemical changes in materials, was applied to protein solutions under various conditions to evaluate its impact on foam 
formation and stability. Beverage proteins, such as whey and soy proteins, were subjected to ultrasound at different 
frequencies and intensities, and their foamability was assessed through measurements of foam volume, stability, and 
bubble size distribution. 

The results demonstrate that ultrasound treatment significantly enhances the foamability of beverage proteins. The 
application of ultrasound led to a notable increase in foam volume and stability, with optimized conditions resulting in 
finer bubble sizes and improved foam structure. These improvements are attributed to ultrasound-induced changes in 
protein structure, which enhance protein-protein interactions and promote more stable foam formation. 

The study also explores the relationship between ultrasound parameters and foaming properties, identifying the optimal 
conditions for maximizing foamability. Additionally, the effects of ultrasound on the functional properties of proteins, such 
as solubility and viscosity, were examined to ensure that foam enhancement does not compromise other desirable 
characteristics. Overall, the findings suggest that ultrasound treatment is a promising technique for improving the 
foamability of beverage proteins, offering potential benefits for the production of beverages with enhanced texture and 
visual appeal. This research provides a foundation for further exploration of ultrasound applications in beverage 
technology and contributes to the development of innovative approaches for optimizing protein-based foams.  
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INTRODUCTION 

The quest for enhanced foamability in beverage proteins is a significant focus in the food and beverage industry, as foam 
quality impacts the sensory experience and overall appeal of products such as protein shakes, dairy beverages, and plant-
based drinks. Foamability, which encompasses the ability of proteins to generate and stabilize foam, is crucial for achieving 
desirable texture and visual characteristics in these beverages. Traditional methods to improve foamability often involve 
modifying protein formulations or using additives, but recent advances in ultrasonic technology offer a novel approach. 
Ultrasound, with its ability to induce physical and chemical changes at the molecular level, has shown potential in 
enhancing protein functionality, including foamability. 

Ultrasound treatment applies high-frequency sound waves to protein solutions, causing cavitation and shear forces that 
can alter protein structure and interactions. These changes may enhance protein solubility, disrupt protein aggregates, 
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and promote better protein-protein interactions, all of which contribute to improved foam formation and stability. By 
using ultrasound, it is possible to achieve finer bubbles, increased foam volume, and longer-lasting foam, which are critical 
for producing high-quality beverage products. 

This study aims to explore the impact of ultrasound on the foamability of common beverage proteins such as whey and 
soy proteins. By systematically applying ultrasound at varying frequencies and intensities, the research investigates how 
these parameters affect foam properties, including volume, stability, and bubble size distribution. Additionally, the study 
examines the relationship between ultrasound treatment and other functional properties of proteins, ensuring that foam 
enhancement does not compromise other essential characteristics.  

METHOD 

To investigate the impact of ultrasound on the foamability of beverage proteins, a comprehensive experimental approach 
was adopted involving protein solution preparation, ultrasound treatment, and detailed foam characterization. The study 
was designed to evaluate the effects of ultrasound on various protein types, specifically whey and soy proteins, and to 
optimize ultrasound parameters for enhanced foam properties. 

Whey and soy protein powders were sourced from commercial suppliers and dissolved in distilled water to create 1% 
(w/v) protein solutions. The solutions were adjusted to pH 7.0 to mimic typical beverage conditions and were allowed to 
equilibrate for 24 hours to ensure complete dissolution and protein hydration. To ensure consistency, solutions were 
filtered through a 0.45 µm membrane to remove any insoluble particles before ultrasound treatment. 

Ultrasound was applied using a laboratory-grade ultrasonic processor equipped with a 13 mm probe. The ultrasonic 
treatment was conducted at varying frequencies (20 kHz, 40 kHz) and intensities (50%, 70%, 90% of maximum output 
power) to assess their effects on foamability. Each protein solution was subjected to ultrasound for a set duration (5, 10, 
15 minutes) at controlled temperatures to prevent excessive heating, which could affect protein stability. The treatment 
was performed in a temperature-controlled water bath to maintain uniform conditions. 

Foamability was assessed by using a mechanical frother to generate foam in the treated protein solutions. Foam volume 
was measured immediately after frothing and after a 30-minute standing period to determine foam stability. The foam 
was evaluated for bubble size distribution using a laser diffraction particle size analyzer. Additionally, the foam's density 
and texture were analyzed through image analysis and rheological measurements. 

To understand the effects of ultrasound on protein structure, protein samples were analyzed using dynamic light 
scattering (DLS) and atomic force microscopy (AFM) before and after ultrasound treatment. These techniques provided 
insights into changes in protein aggregate size and surface morphology. The solubility and viscosity of the protein solutions 
were also measured using a UV-visible spectrophotometer and a viscometer, respectively, to evaluate how ultrasound 
treatment influenced these properties. 

All experiments were conducted in triplicate to ensure reproducibility. The data were analyzed using statistical software 
to determine the significance of differences between treatments. Analysis of variance (ANOVA) followed by Tukey’s post 
hoc test was used to compare the effects of different ultrasound parameters on foamability and protein characteristics. 
To optimize ultrasound parameters, a response surface methodology (RSM) was employed. This involved constructing a 
model to predict the optimal conditions for maximum foam volume and stability based on the experimental data. The 
optimized conditions were validated through additional trials to confirm their effectiveness in enhancing foamability.  

RESULTS 
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The application of ultrasound significantly improved the foamability of whey and soy proteins, as evidenced by several 
key observations. Ultrasound treatment enhanced foam volume, stability, and bubble size distribution for both protein 
types. For whey protein, ultrasound at a frequency of 40 kHz and an intensity of 70% for 10 minutes yielded the highest 
foam volume, with a 30% increase compared to untreated controls. Foam stability also improved, with foam retention 
extending by approximately 25% over a 30-minute period. The average bubble size was reduced, indicating finer and more 
uniform foam structure, which was confirmed by laser diffraction analysis. 

Similarly, ultrasound treatment enhanced soy protein foamability, though the optimal conditions differed slightly from 
those for whey protein. Treatment at 20 kHz with an intensity of 90% for 15 minutes resulted in a significant increase in 
foam volume by 40% and improved foam stability by 20%. The bubble size distribution showed a decrease in average 
bubble size, contributing to a more stable and visually appealing foam structure. 

Dynamic light scattering (DLS) and atomic force microscopy (AFM) analyses revealed that ultrasound treatment caused a 
reduction in protein aggregate size and altered protein surface morphology, which contributed to enhanced foam 
formation. The solubility and viscosity of the protein solutions were also positively affected, with increased solubility 
observed in ultrasound-treated samples, suggesting improved protein hydration and reduced aggregation. 

Statistical analysis confirmed that the observed improvements in foamability were significant, with optimal ultrasound 
parameters leading to substantial enhancements over untreated samples. The response surface methodology (RSM) 
further validated these findings, indicating that specific ultrasound conditions could be tailored to maximize foam 
properties for both whey and soy proteins. Overall, the results demonstrate that ultrasound is a highly effective method 
for enhancing the foamability of beverage proteins, offering a practical approach for improving the texture and quality of 
protein-based beverages. The study provides valuable insights into optimizing ultrasound parameters for various protein 
types, contributing to advancements in beverage formulation and processing.  

DISCUSSION 

The results of this study underscore the effectiveness of ultrasound in enhancing the foamability of beverage proteins, 
revealing its potential as a valuable tool in the beverage industry. The significant improvements in foam volume, stability, 
and bubble size distribution for both whey and soy proteins highlight the transformative impact of ultrasound treatment. 
The observed increases in foam volume—30% for whey protein and 40% for soy protein—demonstrate ultrasound’s 
capacity to significantly enhance foam formation, which is crucial for achieving desirable texture and sensory attributes in 
beverages. 

Ultrasound treatment led to a reduction in average bubble size, resulting in finer, more stable foam structures. This effect 
is attributed to the ultrasound-induced changes in protein structure, such as the disruption of protein aggregates and 
enhanced protein-protein interactions, which facilitate the formation of smaller and more uniform bubbles. The improved 
foam stability, with retention times extending by 25% for whey protein and 20% for soy protein, reflects the enhanced 
ability of ultrasound-treated proteins to maintain foam structure over time. 

The analysis of protein characteristics revealed that ultrasound treatment improved protein solubility and altered protein 
surface morphology, contributing to better foamability. These changes indicate that ultrasound not only affects the 
physical properties of proteins but also their functional attributes, enhancing their performance as foaming agents. 

The study also highlights the need to optimize ultrasound parameters—frequency, intensity, and treatment duration—to 
achieve the best results for different types of proteins. The optimal conditions identified for whey and soy proteins suggest 
that tailored ultrasound treatments can maximize foam properties, providing a more effective approach than traditional 
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methods. The response surface methodology (RSM) used to identify these optimal conditions further supports the 
practical applicability of ultrasound in beverage processing.  

CONCLUSION 

The study demonstrates that ultrasound treatment significantly enhances the foamability of beverage proteins, including 
whey and soy proteins, by improving foam volume, stability, and bubble size distribution. Ultrasound effectively increases 
foam volume by up to 40% and enhances foam stability, providing a more stable and visually appealing foam structure. 
These improvements are attributed to ultrasound-induced changes in protein structure, which facilitate finer bubble 
formation and better foam retention. 

The optimization of ultrasound parameters, such as frequency, intensity, and treatment duration, was crucial in achieving 
the best results for different types of proteins. The study's findings suggest that tailored ultrasound treatments can 
maximize foam properties, offering a practical and efficient method for enhancing protein-based beverages. 

Overall, ultrasound presents a promising approach for improving the texture and quality of protein-based beverages, 
aligning with current industry trends towards advanced processing technologies. The results provide valuable insights into 
the application of ultrasound in beverage formulation and processing, offering potential benefits for producing high-
quality products with enhanced sensory attributes. Future research should continue to explore the broader applications 
of ultrasound in food and beverage technology, further optimizing its use for various proteins and beverage formulations.  
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