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Introduction 
Ultrasound-assisted innovations bioactive processing emerged 
as a focal research interest, driven by potential to enhance the 
efficiency and biological activity of protein substrates. This 
technological revolution has found applications across diverse 
domains, such as extraction, modification, freezing/thawing-
induced oxidations [1, 2].

The technology in ultrasound-assisted protein has become ver-
satile. Enzymatic protein hydrolysis, ultrasound extracting is a 
green and non-thermal processing tool. The pretreatment-assist-
ed enzymatic hydrolysis stands out for capacity to enhance en-
zymatic reactions while concurrently amplifying the biological 
stability of substrates. Thus, this technology finds primary utility 
in the extraction of bioactive substances and the degradation of 
biological macromolecules [3].

The study by on protein extraction from watermelon (Citrullus 
lanatus) seeds using ultrasound assisted processing was able 
yield desired outcome following optimal pH of 11, sonication 
temperature of 45 °C and sonication time of 10 minutes. The 
processing conditions have demonstrated its ability for good 
protein recovery at a rate of 86% from water melon [4]. Addi-
tionally, UAET (ultrasound-assisted extraction techniques) have 

been explored to obtain proteins from faba bean (Vicia faba) and 
pumpkin seed and this approach have been able to complement-
ing conventional method of protein extraction [5]. When ultra-
sound processing (UP) is encompassed with high-pressure and 
hydrodynamic cavitation, but in an advanced extraction technol-
ogy, the process had offered sustainable solutions for protein 
production from diverse agricultural resources [1,3,4,6]. These 
new techniques of UAET with high-pressure and hydrodynamic 
cavitations have, enhanced the efficiency and effectiveness of 
protein extraction from various sources [7]. These methods have 
found practical applications in industries like food processing 
and pharmaceuticals, thus contributed to obtain quality proteins.

Another sphere called fish genomics and data processing tech-
niques have evolved, facilitating the extraction and analysis of 
specific genetic sequence from taxonomically diverse genomic 
data. The approach supports molecular surg, contributing to the 
detection of adaptive peptides, purification, selection and the re-
construction of ancestral proteins [3,7,8,9].

The evolution of protein processing techniques has fueled a 
lot of advancements geared towards protein purification, char-
acterization and analysis [3,7]. The wave in protein processing 
encompasses a range of transformative developments. Such as 
in artificial intelligence and machine learning that had given rise 
to innovative algorithms dedicated to processing and analyzing 
protein data. These innovation technology of UAET have ena-
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ABSTRACT
Derive of Protein by processing is now shifting to advanced, modest and innovative technology these days. This review shows the possibility of deriving 
proteins via processing through the ence of ultrasound approaches. The target is between ultrasound waves and proteins behavior during ultrasound extraction 
technology. The extent of protein extraction by traditional methods faces structural, biostability and economic challenges, but ultrasounds emerge as an 
alternative to these challenges. In this work, highlights on ultra-sound’s role in enhancing protein yield and bio-quality in relationship to bioavailability and 
functional role where discussed. Analyses have shown some cases where remarkable advancement by ultrasound techniques has also extended to enzymatic 
hydrolysis, using ultrasound catalyzed activities to unlocked dimensions in the production of bioactive- peptides and enriched proteins. Bio industrial sector 
that uses ultrasound approach to extract bioactive and proteins not only do they facilitates protein reshapes but also changes protein production, biostability 
and bioavailability. Ultrasound has emerged as a catalyst for effective bioactive enhancement, overthrowing conventional methods to optimization strategies 
of protein reshaping and rebouncing. The review envisages the advantages of ultrasound technology and applications in bio – industrial sectors, the future 
prospects of ultrasound assisted protein extraction with offered roadmaps and processing advantages. 
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bled the rapid analysis of multiple samples using small amounts 
of material, making them particularly suitable for genomic and 
proteomic-wide studies that are aimed at identifying new thera-
peutic functional food ingredient (FFI) that could be however 
geared toward in-vivo bio-formatic technology and study but 
limited by cost however aimed at simple protein extraction to 
enhance food enrichment like ultra sound processing technol-
ogy. Recognizing the properties and applications of frequencies 
of ultrasound waves, these had been assumed to be very impor-
tance for ensuring optimal diagnostic outcomes and safe opera-
tions across diverse domains of functional food sciences (FFS). 
This knowledge proves indispensable from industrial applica-
tion and therapeutic treatments. The importance and character-
istics of ultrasound waves, could help in an informed decision-
making, and enhanced efficiency and safety UAET across food 
processing, medical, bio-industry and therapeutic realm [10-12].

The basic Principles of Ultra Sound Wave 
The basic principle of ultrasound production (UP) encompasses 
generation, division and uses. Ultrasounds are forms of energy 
with a frequency above the human ear range, usual above 20 
kHz. It is produced by a transducer, that converts electrical en-
ergy into mechanical sound waves. These sound waves could 
travel through medium, such as air, water and can be used for 
various purposes, including industrial extraction and therapeutic 
treatments. 

The fundamental principles in (UP) involves piezoelectric crys-
tals put within the transducer to generate sound waves [13]. When 
current is applied to these piezoelectric crystals, they vibrate, 
thereby producing the ultrasound energy-related waves. The rate 
-frequency of the sound waves generated by the transducer is 
determined by the frequency of the electrical signal applied to 
the crystals from source. Thus, energy of the sound waves pro-
duced by the transducer can be focused or defocused using shape 
adjuster or by using lense. This process enables the creation of 
energy from sound wave within the desired frequency and in-
tensity for specific applications [13,11]. Research have shown 
the ability of ultrasound energy (UE) to impact on the degrada-
tion of estrogen compounds, when the following factors such 
as solution temperature and fluid pressure which can influence 
the efficiency of the reaction are in place [14]. The ultrasound 
waves can be used for various purposes in food and functional 
food processing sectors. The generation of ultrasound waves are 
fundamental to ultrasound technology, enabling its diverse ap-
plications in various fields [11,14] such as protein and bioactive 
extractions. Ultrasound waves are generated using piezoelectric 
crystals transducer, which converts electrical energy into sound 
vibrations that produce sound waves energy [13].

Application of Ultrasound Assisted Waves
Ultra-sound waves are used in various food and industrial ap-
plications, each with distinct properties. Pulse waves, Doppler 
ultrasounds and chirp waves are used in medica imaging, esti-
mate bone quality and quantity [10]. While tone-burst waves are 
used in industrial testing and non-invasive pain relief, and waves 
are prevalent in ultrasound imaging for high-resolution imaging 
[11]. These waves find applications in diverse fields, from un-
raveling the intricacy of the human body to assessing material in 
industrial and food settings [10,11,15].

Assisted ultrasound extraction (AUE) use generated wave en-
ergy and solvent to extract target compounds from various plant 
or animal matrices  at given Ultrasound frequency say (>20 
kHz) [16].These wave energy consist of series of compression 

and rarefaction cycles that are propagated through solid, liquid 
or gas medium to induce displacement and dislodgement of the 
molecules from their original positions thereby creating cavita-
tions The negative pressure during rarefaction waves ,when it 
exceeds the attractive force joining the molecules together, this 
forces pull the pressure apart and create cavitation bubbles. The 
temperature created by this bubble may move up to 5000 K and 
pressure increase may be up to 1000 atm [17,18].

The recoveries of bioactive compounds through solvent extrac-
tion, mechanical expelling, supercritical extraction, and micro-
wave extraction methods have limitations like use of extra sol-
vent in solvent extraction, low yield in mechanical expelling, 
large capital in supercritical fluid extraction, and requirement 
of aqueous phase in microwave assisted extraction [19]. when 
Compared to the methods, of UAE with the advantages such as 
less time and energy requirement, low temperature extraction 
and retention of the quality of the extract. UAE extract bioac-
tive compounds from fruit and vegetable waste and by-products 
using high intensity sound waves have been reported to cause 
disruption in the plant tissue through physical forces developed 
and during acoustic cavitation and helps in release of extractable 
components in the solvent in very less time by enhancing the 
mass transport [20,7].

Challenges in Protein Processing
Traditional protein processing methods encounter challenges 
that prompt the exploration of innovative alternatives. Firstly, 
conventional heat-based techniques such as salting, smoking, 
and frying are known for both energy-intensive and time-con-
suming. These methods contribute to increased carbon footprint 
and greenhouse gas emissions, raising sustainability concerns. 
Similarly, the dense and complex food matrices, including those 
rich in proteins, traditional methods face limitations. Penetrat-
ing deeply into such matrices poses challenges, hindering the 
achievement of uniform processing and extraction within these 
intricate structures. The traditional methods designed to curtail 
microbial growth and eliminate pathogens may not consistently 
ensure optimal food safety and quality. This inconsistency can 
lead to concerns about shelf life and potential food waste. The 
efficiency in extracting beneficial bio-chemicals from biomass 
remains a challenge in traditional protein processing. This in-
efficiency presents obstacles in waste valorization and the im-
plementation of bio-refinery processes, that can impact overall 
sustainability [21].

Importance of Ultrasound-Assisted Protein Extraction
Ultrasound-assisted protein extraction has garnered considera-
ble attention in recent years, presenting several advantages over 
traditional extraction methods. 

High Yield and Energy Efficiency
One notable benefit is its ability to achieve high extraction 
yields. Ultrasound wave energy create cavitations that disrupts 
cell walls, facilitating the release of target compounds and lead-
ing to increased extraction efficiency. Has been opined and that 
there is comparative advantages of ultrasound wave energy in 
food processing, presented as a more energy-efficient and envi-
ronmentally sustainable alternative to traditional methods [1]. 
This distinction contributes significantly to the goals of dimin-
ished energy consumption and reduced greenhouse gas emis-
sions. Ultrasound-assisted extraction techniques (UAET) have 
been investigated for their efficacy in obtaining substantial pro-
tein yields from alternative sources, exemplified by study that 
focused on watermelon seeds. This innovative approach not only 
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contributes to repositioning food processing waste but also facil-
itates the extraction of high-quality proteins from non-traditional 
sources

Economy of Solvent and Material use
The use of ultrasound contributes to environmental sustainability 
by reducing solvent consumption. This approach aligns with eco-
friendly extraction process, making it favorable choice in com-
parison to conventional method that often involve higher solvent 
use. Other advantage lies in low maintenance costs associated 
with ultrasound-assisted extraction process. This method does 
not necessitate complex equipment or involve multiple intricate 
steps, that stream from extraction process and minimizing main-
tenance requirements. Ultrasound-assisted protein extraction 
goes beyond mere efficiency, positively impacting the physical, 
structural and functional properties of proteins. The enhance-
ments in solubility, stability and biological activity have been 
observed, further establishing the versatility and efficacy of this 
extraction technique. 

Monitoring Effects 
Real-time process monitoring during ultrasound-assisted extrac-
tion is facilitated by techniques like Fourier Transform Infrared 
(FT-IR) analysis. This in situ monitoring allow researchers to 
study the structural properties of proteins throughout the extrac-
tion process, offering insights into the correlation between pro-
tein structure and extraction levels.

Green House Co-extraction Friendly Method
Ultrasound has found utility in enzymatic protein hydrolysis. 
Serving as a green and efficient non-thermal processing tech-
nique, ultrasound assists in enzymatic hydrolysis, significantly 
improving efficiency and enhancing the biological activity of 
substrates compared to traditional enzymatic hydrolysis methods 
[6,22,16,23,24].

Enhance Food Safety
One notable aspect of ultrasound technology lies in its capacity 
to enhance food safety by effectively inhibiting microbial growth 
and eliminating pathogens. This attribute translates into extended 
shelf life for processed foods and a consequential reduction in 
food waste, aligning with broader sustainability and objectives.

Ultra-sound-Assisted Protein Extraction Mechanism
Assisted ultrasound protein extraction (AUPE) has emerged as 
a transformative area of research, that has presented myriads of 
advantages over traditional methods. One significant benefit lie 
in the ability to achieve higher extraction yields, attributed to 
the cavitations effect induced ultrasound waves that disrupt cel-
lular wall facilitate and e release of target bioactive compounds. 
This enhanced efficiency coupled with a reduction in solvent 
consumption, aligned sustainable practices and contribution to 
eco-friendly extraction process. Furthermore, the simplicity of 
ultrasound-assisted extraction equipment leads to lower main-
tenance costs compared to traditional methods, emphasizing 
cost-effectiveness. Beyond mere extract efficiency, the capacity 
to improve the physical, structural, and functional properties of 
proteins, such as solubility, stability, and bio-ceutical activities 
are improved. The utilization of multi-mode ultrasound equip-
ment underscores ongoing efforts to optimize bioactive extrac-
tion and levels. Real-time process monitoring, including fourier 
transform infrared (FT-IR) analysis, provides valuable insights 
into structural properties during extraction, enhancing the under-
standing of the correlation between protein structure and extrac-
tion levels.

The UAPEST (Ultrasound-assisted protein extraction sonica-
tion technique), high-intensity focused ultrasound (HIFU) and 
ultrasonic bath (UB) are invoked nowadays. Sonication involves 
the use of high-frequency sound waves to disrupt cell walls and 
release proteins. HIFU uses high-intensity ultrasound waves to 
create localized heating and pressure changes, resulting in pro-
tein extraction. Ultrasonic bath involves immersing the sample 
in a bath of ultrasound waves to facilitate protein extraction. 
Studies have shown that ultrasound-assisted protein extraction 
can result in higher extraction yields, less solvent consumption, 
and improved physical, structural and functional properties of 
proteins compared to conventional methods.

Ultrasound-assisted enzymatic hydrolysis (UAEH) has been 
widely used as a green and efficient non-thermal processing 
technique to assist with enzymatic hydrolysis, significantly im-
proving the efficiency of enzymatic hydrolysis and enhancing 
the biological activity of substrates [26]. A comparative analysis 
of different ultrasound-assisted extraction techniques for pectin 
extraction from tomato processing waste, it was found out about 
ultrasonic bath and sonication to be the most effective methods 
for pectin extraction [6,22,25].

Ultrasound-assisted protein extraction has been shown to im-
prove protein yield and quality compared to conventional meth-
ods [3,4]. Study have demonstrated that ultrasound-assisted 
extraction can result in higher protein yields, improved bifunc-
tional properties, and modified physical, structural, and func-
tional properties of proteins [22,16,23]. For example, a study 
on pumpkin seed protein extraction found that ultrasonic treat-
ment during extraction resulted in a significant increase in pro-
tein yield and improved techno-functional properties of the iso-
lated protein [4]. Study on walnut dregs protein extract using 
multi-mode ultrasound reported a potent attribute of ultrasound-
assisted protein extraction for improving yield and modifying 
the physical, structural, and functional properties of proteins [1].

Wave approach of ultrasound-assisted enzymatic hydrolysis 
(UAEH) has been significant improver and aid in the efficien-
cy of enzymatic hydrolysis with enhance biological activity in 
substrates [6,22,23]. Ultrasound’s wave application extends to 
enzymatic protein hydrolysis which demonstrate its prowess as 
a green and efficient non-thermal processing technique, signifi-
cantly improving enzymatic hydrolysis effectiveness and sub-
strate enhancement [26]. 

Ultra-sound Wave and Enzyme Reactions
Mechanisms of ultrasound-enhanced enzymatic reactions have 
been studied in various fields, including food processing, ana-
lytical chemistry, and nonmaterial, biosensors. Ultrasound has 
been shown to facilitate beneficial food reactions such as enzy-
matic cross-linking, protein hydroxylation and fermentation. In 
analytical chemistry, ultrasound has been used to enhance the 
enzymatic hydrolysis of compounds, leading to a drastic reduc-
tion in the time required for these unit steps. Additionally, in the 
field of nonmaterial-enhanced biosensors, ultrasound has been 
found to play roles in enhancing the performance of first-gener-
ation biosensing schemes, particularly the context of enzymatic 
reactions. Much more, ultrasound has been investigated for its 
role in enhancing the activity of nanozymes in catalytic tumor 
therapy. 
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In the context of metal extraction, ultrasound has been linked, 
for its ability to enhance sulfuric acid leaching for zinc extrac-
tion [24], revealing an increased leaching rate compared to con-
ventional methods. These studies collectively demonstrated the 
diverse applications and mechanisms of ultrasound-enhanced 
enzymatic reactions in various fields such as food, pharmacy and 
biotechnology [25,27,28,29].

Ultra-Sound Wave in Enzymatic Hydrolysis
Enzymatic Protein hydrolysis emerges as another focal point in 
the study of protein interactions. Serving as a green and efficient 
non-thermal processing technique, ultrasound wave could play 
pivotal role in assisting enzymatic hydrolysis. In compare to tra-
ditional enzymatic hydrolysis, ultrasonic-pretreatment-assisted 
enzymatic hydrolysis has demonstrated substantial enhancement 
in bio efficiency. This improvement extends above mere bio ef-
ficiency, as it significantly elevates the biological activity and 
stability of substrates. This advancement holds promise for opti-
mizing enzymatic hydrolysis processes, thereby contributing to 
the overall efficiency of protein processing.

Exploration of ultrasound’s interaction with proteins extends 
to Protein modification as well. This is exemplified by the syn-
thesis of a myo fibrillar protein and gallic acid mix complex, 
showcasing ultrasound’s potential for driving innovative protein 
modifications, particularly in the domain of food manufacturing 
[2]. The application underscores the versatility of ultrasound in 
tailoring proteins to desire specifics, thereby expanding the hori-
zon of possibilities within the realm of food and functional food 
processing [1, 2].

Mechanism of Ultrasound in Bio-active extraction 
Extensive research into interaction of ultrasound with proteins 
has uncovered promising applications within the realm of protein 
processing and extraction. One noteworthy area is UAE (ultra-
sound-assisted extraction), where ultrasound technology proves 
instrumental in augmenting extraction of bioactive compounds 
from plant to animal tissues. The utilization of ultrasound waves 
generates cavitations bubbles, effectively disrupting cellular 
tissues and facilitate the release of bioactive compounds. This 
innovative approach not only leads to higher yields but also sig-
nificantly reduces extraction times, presenting an efficient and 
time-saving solution in the process.

The mechanisms underlining interaction between ultrasound 
and proteins are intricate and un- comprehending. Among the 
proposed mechanisms, cavitations as ultrasound wave induce 
the formation of cavitation bubble within medium. These bub-
bles, in turn, create mechanical stress and shear forces, disrupt-
ing the protein structure and facilitating the release of bioactive 
compounds [30]. This intricate process contributes to the overall 
efficiency of protein processing method called (UAEPP) offer-
ing a pathway for innovative approaches in the food industry. 
Another identified mechanism is acoustic streaming, a phe-
nomenon where ultrasound waves induce the motion of fluid 
[11,12,13,15,31-34,35]. The motion, caused by the propagation 
of sound waves, enhances the mass transfer of bioactive com-
pounds from the protein matrix to the solvent. Acoustic stream-
ing play crucial role in influencing the extraction process, adding 
near complexity of the dynamics of ultrasound-protein interac-
tions [36].

Heat effects represent yet another facet of this interaction. Ultra-
sound waves can generate heat through the absorption of energy 
by the medium, leading to the denaturation of proteins and the 

subsequent release of bioactive compounds. This therma or heat 
l aspect introduces a temperature dimension to the interaction, 
contributing to the simple outcomes in protein processing meth-
ods. Enzymatic activation, as a mechanism, involves ultrasound 
wave energy activating enzymes. This activation results in in-
creased enzymatic activity, enhancing efficiency of enzymatic 
hydrolysis. The synergy between ultrasound and enzymatic pro-
cesses further advances the capabilities of protein processing 
methods, providing avenues for improved outcomes [14,36].

Effects of Ultrasound wave on Protein Structure
The effects of ultrasound on protein structure are complex and 
depend on various factors, such as the frequency, intensity, and 
duration of the ultrasound exposure. Some studies have shown 
that ultrasound can cause changes in protein structure, includ-
ing denaturation, aggregation and fragmentation [1,2]. How-
ever, other studies have shown that ultrasound can enhance the 
biological activity of proteins by improving their solubility and 
accessibility to enzymes [36]. The effects of ultrasound on pro-
tein structure are also influenced by the type of protein and the 
medium in which it is suspended [2, 36].

Bioactive Peptide Production
Bioactive peptides are specific protein fragments that have 
health-promoting potential for humans, including antimicrobial, 
antioxidant, anticancer, and immunomodulatory activities. The 
production technology and processes of bioactive peptides have 
attracted excessive attention, especially concerning peptides’ 
synthesis, separation, identification, and functionality. Among 
the production technology of bioactive peptides, enzymatic hy-
drolysis, microbial fermentation, and recombinant DNA tech-
nology are commonly used. Ultrasound technology has been 
shown to enhance the enzymatic hydrolysis of compounds, 
leading to an increase in hydrolysis levels and bioactivity. The 
UAEH (Ultrasound-assisted enzymatic hydrolysis) has been 
used to prepare high-calcium and high-amino acid fish frame 
hydrolysates, which have potential as a foundation for creating 
highly nutritious food additives [30]. The potential applications 
of bioactive peptides in biomedicine are vast, however projects 
are needed to further optimize and improve efficiency of peptide 
production technology [37].

Effects of Ultrasound on Protein Stability, Folding Patterns 
and Behavior
The effects of ultrasound on protein stability, folding patterns, 
and self-assembling behavior have been explored in various re-
search studies, revealing intriguing findings across different pro-
tein systems.

In the context of amyloid fibrils, low-amplitude ultrasound has 
been identified as a potential inducer of refolding in specific 
motifs within protein monomers. This induction leads to Io nu-
cleation characterized by the adoption of a hydrogen-bonded 
β-sheet-rich structure [38]. long exposure to low-amplitude 
ultrasound facilitates controlled elongation of amyloid protein 
nanofibrils directly from monomeric proteins. The resulting na-
nofibrillar assemblies formed under ultrasound exhibit structural 
characteristics identical to naturally fibrillated proteins, suggest-
ing that ultrasound can play certain role in sharpening self-as-
sembly behavior of amyloid proteins [39].

In the case with bovine serum albumin (BSA), ultrasound meas-
urements are employed. The study reveals changes in volume 
and adiabatic compressibility of BSA. Interestingly, sorbitol has 
been identified as a restorative agent, recovering BSA’s volume 
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and compressibility values and restoring original alpha-helix 
content [40]. This imply that the observed compressibility vari-
ation reflects conformational changes during the transition of 
BSA, highlighting ultrasound’s potential in studying protein 
conformational dynamics.

Concerning protein refolding, the interplay between small heat 
shock proteins (sHsps) and Hsp70 under the influence of ultra-
sound has been explored. sHsps form assemblies with misfolded 
proteins, and Hsp70 displaces surface-bound sHsps from these 
assemblies. This displacement initiates the protein refolding 
process and has significant implications for protein homeostasis. 
The cooperation between Hsp70 and sHsps, influenced by ul-
trasound, ensures efficient refolding of damaged proteins under 
favorable folding conditions, thus emphasizing the potential ap-
plications of ultrasound in protein refolding processes [40, 41].

Comparison of Structural Characteristics Between Ultra-
sound-Influence and Natively Fibrillated Proteins
The contrasting quality of structural characteristics ultrasound-
influenced and natively fibrillated proteins revealed that when 
ultrasonic energy is sufficiently low, it can induce refolding of 
specific motifs in protein monomers, which is sufficient for pri-
mary nucleation, characterized by adopting a hydrogen-bonded 
β-sheet-rich structure initiated by pressure perturbations and are 
accelerated by a temperature factor [2]. Furthermore, the pro-
longed action of low-amplitude ultrasound enables the elonga-
tion of amyloid protein nanofibrils directly from monomeric 
lysozyme proteins, in a controlled manner, until they reach a 
critical length [39,42]. Using solution X-ray scattering, it was 
determined that nanofibrillar assemblies formed under the in-
fluence of ultrasound energy and natively fibrillated lysozyme 
share identical structural characteristics [40].

pH Effect During Ultra Sound Assisted Extraction
Acid base balance is an important factor that do affect the extrac-
tion, yield and properties of bioactive compound during UAE. 
The extraction of polysaccharides (pectin) from the fruit and 
vegetable by-products has been studied in the pH range of 1–5. 
The recovery of pectin is high when the pH maintained is low 53. 
The high acidic medium improves the cell wall fragmentation, 
hydrolyses the insoluble pectin into soluble form and reduces 
the molecular weight of pectin increasing their dissolution into 
the surrounding medium and thus enhancing their recovery. The 
optimum pH for the extraction of pectin from pomegranate peel 
is 1.2, from orange peel, eggplant peel, jackfruit peel is ~1.5, 
from, and from banana peel and sunflower head is 3.2 [43-47].

pH has also been reported to exhibit maximum effect among the 
studied extraction variables for example in extraction of pectin 
from grape pomace and orange peel [48-50]. Has given linear 
effect of pH on the molecular weight of extracted pectin [51]. 
pH also effects the degree of esterification of extracted pectin. 
At low pH, degree of extraction is low which is due to de-es-
terification of pectin in the high acidic condition. However, it is 
interesting to note that effect of pH on degree of extraction was 
reported differently on UAE of pectin from grape pomace and 
orange peel. Grape pomace degree of extraction increased on 
decreasing the pH and opposite trend was found for orange peel. 
This may be due to the interactive effect of other variables such 
as temperature, power and time with pH.

The effect of pH on extraction of phenolic compounds has not 
been reported vividly. Gave effect of pH range 4.5–6.5 of etha-

nol solvent adjusted by HCl on the extraction yield of phenolics 
from coconut shell powder and observed positive linear effect 
with maximum yield at pH 6.5 [20]. Gave significant quadratic 
and negative effect of pH on the extraction of monomeric an-
thocyanin from jabuticaba peels which meant that increase in 
pH favoured the monomeric anthocyanin extraction upto certain 
value and thereafter discovered that increase in pH decreased the 
monomeric anthocyanin yield. It could be the concluded that pH 
for the extraction of anthocyanin and phenolics lies in the range 
of pH 1–3 [43].

pH-Induced Conformational Transitions and Ultrasound 
Measurements
The search results provided information related to ultrasound 
on the conformational changes of proteins at acid pH [41]. Spe-
cifically, a study on bovine serum albumin (BSA) demonstrated 
that ultrasound measurements were used to investigate the struc-
tural transition of BSA at acid pH, showing changes in volume 
and adiabatic compressibility. The study also found that sorbi-
tol could restore of BSA volume and compressibility values, as 
well as a substantial recovery of its original alpha-helix content, 
implying that the compressibility variation observed reflects the 
structural changes during the transition [10,14]. Additionally, 
another study investigated ultrasound waves on the structural 
characteristics and oxidative stability of walnut oil oleogel coat-
ed with soy protein isolate-phosphatidylserine [8,7]. The study 
found that ultrasound produced cavitation activity (UPCA) and 
high local shear force, causes formation and rupture of bubbles 
or cavities, increasing the number of nucleation sites in the en-
tire system, and reducing the size of crystals in the internal struc-
ture, thus showing a more even and finer distribution. The drift 
in the internal and external structure had been reported to have 
a positive effect on the oxidative stability of the oleogel. These 
findings demonstrate the potential of ultrasound wave (UW) in 
influencing the conformational changes and structural character-
istics of proteins, as well as their self-assembly, with potential 
applications in protein processing and bio separation techniques 
[31-33,52].

Benefits and Challenges of Ultrasound-Assisted Hydrolysis
Ultrasound-assisted hydrolysis (UAH) has several benefits, 
including increased efficiency and reduced reaction time of 
biological active ingredient or extracts. Ultrasound can also 
enhance the enzymatic hydrolysis of compounds which could 
lead to drastic reduction in the time required during unit steps. 
Ultrasound-assisted hydrolysis (UAH) can facilitate beneficial 
food reactions such as enzyme cross-linking, protein hydrolyza-
tion, fermentation, and marination effects [53]. Furthermore, the 
optimal conditions for UAH, such as sonication power, sonica-
tion time, enzyme activity, and water-substrate ratio, need to be 
carefully optimized to achieve the desired results. [54,30,46]

Conclusion
The exploration of ultrasound-assisted protein processing has 
unveiled several key findings. The application of ultrasound 
in protein and bioactive extraction has demonstrated enhanced 
yields, manage chemicals and their consumption, as well im-
proved physical, structural, and functional properties of proteins. 
Additionally, application of ultrasound energy in enzymatic hy-
drolysis has shown promising results in increasing efficiency 
and enhancing biological activity. The interaction of ultrasound 
with proteins has paved the way for innovative modifications, 
presenting new possibilities in food manufacturing and for func-
tional food ingredient making.The use of UAEPP (ultrasound-



Citation: Ogori AF, Jackson V, Alimi Taofeek, Dingari J (2025) Ultrasound - Assisted Treatment in Protein and Bioactive Ingredients Processing. Journal of Food 
Technology & Nutrition Sciences. SRC/JFTNS-261. DOI: doi.org/10.47363/JFTNS/2025(7)204

     Volume 7(2): 6-8J Food Tech Nutri Sci, 2025

assisted protein processing) for the food and biopharmaceutical 
industries are very substantial. In the food sector, the technique 
offers a more robust, sustainable and environmentally friendly 
approaches, aligning with the growing demand for greener prac-
tices and making functional food ingredient and bioceuticals 
stable. The quality of proteins upsurged with efficient extrac-
tion methods, holds promise for developing novel food prod-
ucts with enhanced nutritional profiles. In the biopharmaceutical 
realms, ultrasound’s role in protein refolding and enzyme reac-
tions signify and potentiate advancements in the production of 
recombinant proteins, functional ingredients and pharmaceutical 
formulations. These implications underscore the transformative 
impact ultrasound can have on various industrial applications 
[55-82].

Recommendation
Future directions in UAPP (ultrasound-assisted protein process-
ing) hold exciting possibilities. Investigations are warranted to 
delve into the intricate mechanisms of ultrasound-protein inter-
actions, providing a deeper understanding of the technology in 
full with its potentials. Refining and optimizing ultrasound pa-
rameters for specific applications, such as enzymatic hydrolysis 
and protein refolding, will be crucial for maximums efficiency. 
Moreover, exploring additional industrial applications beyond 
food and biopharmaceuticals, such as in nutraceuticals, presents 
avenues for broadening the reach of ultrasound technology. Con-
tinued research and innovation in ultrasound-assisted protein 
processing are essential for unlocking full range of benefits and 
application in making potent bioactive and functional ingredient 
for the growing functional food industries 

References
1. Qian J, Di Chen, Yizhong Zhang, Xianli Gao, Ling Xu, et al. 

(2023) Ultrasound-Assisted Enzymatic Protein Hydrolysis 
in Food Processing:  Mechanism and Parameters. Foods 
12: 4027.

2. Zheng X, Bowen Zou, Junwei Zhang, Wen Qiang Cai, 
Xiaokang Na, et al. (2023) Recent advances of ultrasound-
assisted technology on aquatic protein processing: Extrac-
tion, modification, and freezing/thawing-induced oxidation. 
Trends in Food Science &amp; Technology 144: 104309.

3. Das RS, Xianglu Zhu, Shay Hannon, Ewen Mullins, Brijesh 
K Tiwari, et al. (2023) Exploring Osborne fractionation and 
laboratory/pilot scale technologies (conventional extrac-
tion, ultrasound-assisted extraction, high-pressure process-
ing and hydrodynamic cavitation) for protein extraction 
from faba bean (Vicia faba L.). Innovative Food Science 
&amp; Emerging Technologies. https://www.researchgate.
net/publication/374374493_Exploring_Osborne_fractiona-
tion_and_laboratorypilot_scale_technologies_convention-
al_extraction_ultrasound-assisted_extraction_high-pres-
sure_processing_and_hydrodynamic_cavitation_for_pro-
tein_extractio.

4. Güldane M (2023) Optimization of Ultrasound-Assisted 
Protein Extraction from Watermelon Seeds: Taguchi Ap-
proach. Black Sea Journal of Agriculture. https://dergipark.
org.tr/en/pub/bsagriculture/article/1353747. 

5. Sert D, Rohm H, Struck S (2022) Ultrasound-Assisted Ex-
traction of Protein from Pumpkin Seed Press Cake: Impact 
on Protein Yield and Techno-Functionality. Foods 11.

6. Jahan K, Alweera Ashfaq, Kaiser Younis, Owais Yousuf, 
Rayees Ul Islam, et al. (2022) A review of the effects of 
ultrasound-assisted extraction factors on plant protein yield 
and functional properties. Journal of Food Measurement 

and Characterization 16: 2875-2883.
7. Qadir O, Jerry Liu, Jon Timmis, Gianluca Tempesti, Andy 

Tyrrell (2010) Principles of protein processing for a self-
organising associative memory. IEEE Congress on Evolu-
tionary Computation 1-8.

8. Harish M, Venkatraman P (2021) Evolution of biophysical 
tools for quantitative protein interactions and drug discov-
ery. Emerg Top Life Sci 5: 1-12.

9. Lorente Martínez H, Agorreta A, San Mauro D (2022) 
Genomic Fishing and Data Processing for Molecular Evo-
lution Research. Methods Protoc 5.

10. (2019) AIUM Curriculum for Fundamentals of Ultrasound 
Physics and Instrumentation. J Ultrasound Med 38: 1933-
1935.

11. Garkal GS (2018) Basic Principles of Ultrasound. 
12. (2019) Curriculum for Fundamentals of Ultrasound in Clin-

ical Practice. J Ultrasound Med 38: 1937-1950.
13. Kuznetsova IE, Nedospasov IA, Zaitsev BD, Kuznetsova A 

(2015) Influence of liquid on properties of backward acous-
tic waves in piezoelectric plates. 2015 IEEE International 
Ultrasonics Symposium (IUS) 1-3.

14. Halachmi S, Lapidoth M (2017) Fundamentals of ultra-
sound sources. https://www.taylorfrancis.com/chapters/
edit/10.1201/9781315382364-48/fundamentals-ultrasound-
sources-shlomit-halachmi-moshe-lapidoth.

15. Hufschläger D, Dirk Gohlke, Matthias Weise, Klaas Bente, 
Mate Gaal (2023) Thermoacoustic phased-array radiators 
– Theory, characteristics, and applications. Research and 
Review Journal of Nondestructive Testing. https://www.
researchgate.net/publication/372822230_Thermoacoustic_
phased-array_radiators_-_Theory_characteristics_and_ap-
plications.

16. Kausar Jahan, Alweera Ashfaq, Rayees Ul Islam, Kaiser 
Younis, Owais Yousuf (2022) Optimization of ultrasound‐
assisted protein extraction from defatted mustard meal and 
determination of its physical, structural, and functional 
properties. Journal of Food Processing and Preservation. 
https://onlinelibrary.wiley.com/doi/abs/10.1111/jfpp.16764.

17. Chemat F, Rombaut N, Meullemiestre A, Turk M, Perino S, 
et al. (2017) Fabiano-Tixier A.S., Abert- Vian M. Review of 
green food processing techniques. Preservation, transfor-
mation, and extraction. Innov Food Sci Emerg Technol 41: 
357-377.

18. Šic Žlabur J, Voca S, Dobricevic N, Brncic M, Dujmic F, 
et al. (2015) Optimization of ultrasound assisted extraction 
of functional ingredients from Stevia rebaudiana Bertoni 
leaves. Int Agrophys 29: 231-237.

19. Samaram S, Mirhosseini H, Tan CP, Ghazali HM, Bordbar 
S, et al. (2015) Optimisation of ultrasound-assisted extrac-
tion of oil from papaya seed by response surface  method-
ology: Oil recovery, radical scavenging antioxidant activity, 
and oxidation stability. Food Chem 172: 7-17.

20. Ashokkumar M (2015) Applications of ultrasound in food 
and bioprocessing. Ultrasonics Sonochem 25: 17-23.

21. Mahra Alshehhi, Guowei Wu, Tawiwan Kangsadan, Kit 
Wayne Chew, Pau Loke Show (2023) Ultrasound-Assisted 
Food Processing: A Mini Review of Mechanisms, Applica-
tions, and Challenges. E3S Web of Conferences. https://
www.e3s-conferences.org/articles/e3sconf/pdf/2023/65/
e3sconf_ri2c2023_02011.pdf.

22. Dandan Liu, Hongyan Di, Yiting Guo, Garba Betchem, 
Haile Ma (2022) Multi-mode S-type ultrasound-assisted 
protein extraction from walnut dregs and in situ real-time 
process monitoring. Ultrason Sonochem 89:106116.



Citation: Ogori AF, Jackson V, Alimi Taofeek, Dingari J (2025) Ultrasound - Assisted Treatment in Protein and Bioactive Ingredients Processing. Journal of Food 
Technology & Nutrition Sciences. SRC/JFTNS-261. DOI: doi.org/10.47363/JFTNS/2025(7)204

     Volume 7(2): 7-8J Food Tech Nutri Sci, 2025

23. Sharma V, Mei-Ling Tsai, Pei Pei Sun, Chiu-Wen Chen, Pa-
rushi Nargotra, et al. (2023) Sequential ultrasound assisted 
deep eutectic solvent-based protein extraction from Sacha 
inchi meal biomass: towards circular bioeconomy. J Food 
Sci Technol 60: 1425-1434.

24. Zheng X, Shiwei Li, Bingguo Liu, Libo Zhang, Aiyuan Ma 
(2022) A Study on the Mechanism and Kinetics of Ultra-
sound-Enhanced Sulfuric Acid Leaching for Zinc Extrac-
tion from Zinc Oxide Dust. Materials (Basel) 15: 5969.

25. Wemple AH, Kaplan JS, Leopold MC (2023) Mechanistic 
Elucidation of Nanomaterial-Enhanced First-Generation 
Biosensors Using Probe Voltammetry of an Enzymatic Re-
action. Biosensors (Basel) 13.

26. Anna Kozell, Aleksei Solomonov, Doron Benyamin, Harry 
Mark Greenblatt, Yaakov Levy, et al. (2023) Sound-me-
diated nucleation and growth of amyloid fibrils. bioRxiv. 
https://www.biorxiv.org/content/10.1101/2023.09.16.5580
53v1.

27. Longwei Wang, Xiaodi Zhang, Zhen You, Zhongwei Yang, 
Mengyu Guo, et al., (2023) A Molybdenum Disulfide Na-
nozyme with Charge-Enhanced Activity for Ultrasound-
Mediated Cascade-Catalytic Tumor Ferroptosis. Angew 
Chem Int Ed Engl 62:  e202217448.

28. Alvarez Sánchez B, Priego Capote F, Luque de Castro MD 
(2009) Ultrasound-enhanced enzymatic hydrolysis of con-
jugated female steroids as pretreatment for their analysis by 
LC-MS/MS in urine. Analyst 134: 1416-1422.

29. Taha A, Taha Mehany, Ravi Pandiselvam, Shahida Anusha 
Siddiqui, Nisar A. Mir, et al., (2023) Sonoprocessing: mech-
anisms and recent applications of power ultrasound in food. 
Crit Rev Food Sci Nutr 1-39.

30. Tawalbeh D, Ahmad WANW, Sarbon NM (2022) Effect 
of ultrasound pretreatment on the functional and bioactive 
properties of legumes protein hydrolysates and peptides: 
A comprehensive review. Food Reviews International 39: 
5423 - 5445.

31. Goldstein RV, Kuznetsov SV (2013) Surface acoustic waves 
in the testing of layered media. The waves’ sensitivity to 
variations in the properties of the individual layers. Journal 
of Applied Mathematics and Mechanics 77: 51-56.

32. Joshi SG, Zaitsev BD, Kuznetsova IE (2001) SH Acoustic 
Waves in a Lithium Niobate Plate and the Effect of Elec-
trical Boundary Conditions on Their Properties. Acoustical 
Physics 47: 282-285.

33. Bandhu L, Nash GR (2016) Controlling the properties of 
surface acoustic waves using graphene. Nano Research 9: 
685-691.

34. Kuznetsova IE, Zaitsev BD, Polyakov PV,Mysenko MB 
(1998) External electric field effect on the properties of 
Bleustein-Gulyaev surface acoustic waves in lithium nio-
bate and strontium titanate. Ultrasonics 36: 431-434.

35. Chang J (1994) Ultrasound wave generation using folded 
metal foil emat.

36. Brnčić M, Žlabur JS (2019) Impact of Ultrasound on Food 
Constituents. Effect of Emerging Processing Methods on 
the Food Quality. https://www.researchgate.net/publica-
tion/334403956_Impact_of_Ultrasound_on_Food_Con-
stituents.

37. Chew KW, Ling TC, Show PL (2019) Recent Develop-
ments and Applications of Three-Phase Partitioning for the 
Recovery of Proteins. Separation & Purification Reviews, 
2019. 48: 52- 64.

38. Freitas de Oliveira C, Giordani D, Lutckemier R, Gurak PD, 
Cladera Olivera F (2016) Extraction of pectin from passion 

fruit peel assisted by ultrasound. LWT –Food Sci Technol 
71: 110-115.

39. Chen J, Chai Jiale, Xiaomei Sun, Ye Tao, Xing Chen, et al 
(2023) Unexpected variations in the effects of ultrasound-
assisted myofibrillar protein processing under varying vis-
cosity conditions. Ultrason Sonochem 99: 106553.

40. He X, Shangxi Jia, Jiayun Wan, Yan Li, Yanyan Zhang, et 
al. (2022) Effects of High-Intensity Ultrasound Treatments 
on the Physicochemical and Structural Characteristics of 
Sodium Caseinate (SC) and the Stability of SC-Coated Oil-
in-Water (O/W) Emulsions. Foods 11: 2817.

41. Szymon Żwirowski, Agnieszka Kłosowska, Igor Obu-
chowski, Nadinath B Nillegoda, Artur Piróg, et al. (2017) 
Hsp70 displaces small heat shock proteins from aggregates 
to initiate protein refolding. Embo j 36: 783-796.

42. Abdulstar AR, Altemimi AB, Hilphy AR (2023) Exploring 
the Power of Thermosonication: A Comprehensive Review 
of Its Applications and Impact in the Food Industry. Foods 
12.

43. Hosseini SS, Khodaiyan F, Kazemi M, Najari Z (2019) 
Optimization and characterization of pectin extracted from 
sour orange peel by ultrasound assisted method. Int J Biol 
Macromol 125: 621-629.

44. Moorthy IG, Maran JP, Ilakya S, Anitha SL, Sabarima SP, 
et al. (2017) Ultrasound assisted extraction of pectin from 
waste Artocarpus heterophyllus fruit peel. Ultrason Sono-
chem 34: 525-530. 

45. Nishad J, Saha S, Kaur C (2019) Enzyme-and ultrasound-
assisted extractions of polyphenols from  C i t r u s 
sinensis (cv. Malta) peel: A comparative study. J Food Pro-
cess Preserv 43.

46. Minjares Fuentes R, Femenia A, Garau MC, Meza Ve-
lázquez JA, Simal S, et al. (2014) Ultrasound-assisted ex-
traction of pectins from grape pomace using citric acid: a 
response  surface methodology approach. Carbohydr 
Polym 106: 179-189. 

47. Pan G, Yu G, Zhu C, Qiao J (2012) Optimization of ultra-
sound-assisted extraction (UAE) of flavonoids compounds 
(FC) from hawthorn seed (HS) Ultrason Sonochem 19: 486-
490. 

48. Wang WJ, Ma XB, Xu YT, Cao YQ, Jiang ZM, et al. (2015) 
Ultrasound- assisted heating extraction of pectin from 
grapefruit peel: optimization and comparison with the con-
ventional method. Food Chem 178: 106-114.

49. Ramić M, Vidović S, Zeković Z, Vladić J, Cvejin A, et al. 
(2015) Modeling and optimization of ultrasound-assisted 
extraction of polyphenolic compounds from Aronia mel-
anocarpa by-products from filter-tea factory. Ultrason So-
nochem 23: 360-368.  

50. Wang W, Ma X, Jiang P, Hu L, Zhi Z, et al. (2016) Char-
acterization of pectin from grapefruit peel: A comparison 
of ultrasound-assisted and conventional heating extractions. 
Food Hydrocolloids 61: 730-739. 

51. Pingret D, Fabiano Tixier AS, Le Bourvellec C, Renard 
CM, Chemat F (2012) Lab and pilot- scale ultrasound-
assisted water extraction of polyphenols from apple pom-
ace. J Food Eng 111: 73-81.

52. Ponmurugan K, Al Dhabi NA, Maran JP, Karthikeyan K, 
Moothy IG, et al. (2017) Ultrasound assisted pectic polysac-
charide extraction and its characterization from waste heads 
of Helianthus annus. Carbohydr Polym 173: 707-713. 

53. Lavilla I, Bendicho C (2017) Fundamentals of Ultrasound-
Assisted Extraction. https://www.researchgate.net/publica-
tion/321356464_Fundamentals_of_Ultrasound-Assisted_



Citation: Ogori AF, Jackson V, Alimi Taofeek, Dingari J (2025) Ultrasound - Assisted Treatment in Protein and Bioactive Ingredients Processing. Journal of Food 
Technology & Nutrition Sciences. SRC/JFTNS-261. DOI: doi.org/10.47363/JFTNS/2025(7)204

     Volume 7(2): 8-8J Food Tech Nutri Sci, 2025

Copyright: ©2025 Ogori AF, et al. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the 
original author and source are credited.

Extraction. 
54. Reinoso ZS, Sarah Todeschini, Jacinthe Thibodeau, Laila 

Ben Said, Ismail Fliss, et al. (2022) Bioactive Peptide Pro-
duction from Slaughterhouse Blood Proteins: Impact of 
Pulsed Electric Fields and Ph on Enzyme Inactivation, Anti-
microbial and Antioxidant Activities of Peptic Hydrolysates 
from Bovine and Porcine Hemoglobins. Proceedings of 
2022 AOCS Annual Meeting Expo.

55. Celton C, Simon Caton, Winifred Akoetey, Robert Nicol, 
Farah Hosseinian (2023) High-intensity, Low-frequency 
Ultrasound Treatment as Sustainable Strategy to Develop 
Innovative Biomaterials from Agri-food Byproducts and 
Wastes. Sustainable Agriculture Research. https://ccsenet.
org/journal/index.php/sar/article/view/0/49119.

56. Cabral EM, Xianglu Zhu, Marco Garcia-Vaquero, Sara Pé-
rez-Vila, Jiafei Tang, et al. (2023) Recovery of Protein from 
Industrial Hemp Waste (Cannabis sativa, L.) Using High-
Pressure Processing and Ultrasound Technologies. Foods. 
https://www.mdpi.com/2304-8158/12/15/2883.

57. Zhang Z, Pei Gao, Qixing Jiang, Zifeng Zhang, Shaoquan 
Liu, et al. (2023) Optimization of ultrasound-assisted en-
zymatic hydrolysis of channel catfish (Ictalurus punctatus) 
frames yield high-calcium and high-amino acid hydro-
lysates. International Journal of Food Properties 26: 3393 
- 3406.

58. Qingmei Wen, Lei Zhang, Feng Zhao, Yilu Chen, Yi Su, et 
al. (2023) Production Technology and Functionality of Bio-
active Peptides. Curr Pharm Des 29: 652-674.

59. Kadi N El, Taulier N, Le Huérou JY, Gindre M, Urbach W, 
et al. (2006) Unfolding and refolding of bovine serum albu-
min at acid pH: ultrasound and structural studies. Biophys 
J 91: 3397-3404.

60. Xingmei Qi, Yu Wang, Hairui Yu, Ruifang Liu, Axel Lep-
pert, et al. (2023) Spider Silk Protein Forms Amyloid-Like 
Nanofibrils through a Non-Nucleation-Dependent Polym-
erization Mechanism. Small 19:  e2304031.

61. Smita Raghava, Bipasha Barua, Pradeep K Singh, Mili Das, 
Lalima Madan, et al. (2008) Refolding and simultaneous 
purification by three-phase partitioning of recombinant pro-
teins from inclusion bodies. Protein Sci 17: 1987-1997.

62. Kim JY (2020) Heat Shock Protein 70 (HSP70) Induction: 
Chaperonotherapy for Neuroprotection after Brain Injury. 
Cells 9.

63. Pan Z, Qu W, Ma H, Atungulu GG, McHugh TH (2012) 
Continuous and pulsed ultrasound- assisted extractions of 
antioxidants from pomegranate peel. Ultrason. Sonochem 
19: 365-372. 

64. Petigny L, Périno Issartier S, Wajsman J, Chemat F (2013) 
Batch and continuous ultrasound assisted extraction of bol-
do leaves (Peumus boldus Mol.) Int J Mol Sci 14: 5750.

65. Guandalini BBV, Rodrigues NP, Marczak LDF (2019) Se-
quential extraction of phenolics and pectin from mango peel 
assisted by ultrasound. Food Res Int 119: 455-461.  

66. Grassino AN, Brnčić M, Vikić Topić D, Roca S, Dent M., et 
al. (2016) Ultrasound assisted extraction and characteriza-
tion of pectin from tomato waste. Food Chem 198: 93-100. 

67. Chen Y, Luo H, Gao A, Zhu M (2011) Ultrasound-assisted 
extraction of polysaccharides from litchi (Litchi chinensis 
Sonn.) seed by response surface methodology and their 
structural characteristics. Innov Food Sci Emerg Technol 
12: 305-309. 

68. Hromadkova Z, Kováčiková J, Ebringerová A (1999) Study 
of the classical and ultrasound assisted extraction of the 
corn cob xylan. Ind Crop Prod 9: 101-109.

69. Maran JP, Priya B (2014) Ultrasound-assisted extraction of 
polysaccharide from Nephelium lappaceum L. fruit peel. Int 
J Biol Macromol 70: 530-536. 

70. Raza A, Li F, Xu X, Tang J (2017) Optimization of ultrason-
ic-assisted extraction of antioxidant polysaccharides from 
the stem of Trapa quadrispinosa using response surface 
methodology. Int J Biol Macromol 94: 335-344. 

71. Chen K, Yan W, Zhang X, Tang X, Han X, et al. (2014) 
Ultrasound-assisted extraction of dietary fiber from Citrus 
Changshan-huyou peels. J Chem Pharmaceut Res 6: 312-
318.

72. Li X, He X, Lv Y, He Q (2014) Extraction and functional 
properties of water-soluble dietary fiber from apple pomace. 
J Food Process Eng 37: 293-298.

73. Zhang W, Zeng G, Pan Y, Chen W, Huang W, et al. (2017) 
Properties of soluble  dietary fiber-polysaccharide from pa-
paya peel obtained through alkaline or ultrasound- assisted 
alkaline extraction. Carbohydr Polym 172: 102-112. 

74. Sun J, Zhang Z, Xiao F, Wei Q, Jing Z (2018) Ultrasound-
assisted alkali extraction of insoluble dietary fiber from soy-
bean residues. In IOP Conference Series: Materials Science 
and Engineering 392: 052005.

75. Iwassa IJ, Piai JF, Bolanho BC (2019) Fiber concentrates 
from asparagus by-products: microstructure, composition, 
functional and antioxidant properties. Ciência e Agrotecno-
logia 43.

76. Šic Žlabur J, Voca S, Dobricevic N, Brncic M, Dujmic F, 
et al. (2015) Optimization of ultrasound assisted extraction 
of functional ingredients from Stevia rebaudiana Bertoni 
leaves. Int Agrophys 29: 231-237. 

77. Garcia Castello EM, Rodriguez Lopez AD, Mayor L, Bal-
lesteros R, Conidi C, et al. (2015) Optimization of conven-
tional and ultrasound assisted extraction of flavonoids from 
grapefruit (Citrus paradisi L.) solid wastes. LWT-Food Sci 
Technol 64: 1114-1122. 

78. Ghafoor K, Choi YH, Jeon JY, Jo IH (2009) Optimization 
of ultrasound-assisted extraction of phenolic compounds, 
antioxidants, and anthocyanins from grape (Vitis vinifera) 
seeds. J Agric Food Chem 57: 4988-4994. 

79. Corrales M, Toepfl S, Butz P, Knorr D, Tauscher B (2008) 
Extraction of anthocyanins from grape by-products assisted 
by ultrasonics, high hydrostatic pressure or pulsed electric 
fields: a comparison. Innov. Food Sci Emerg Technol 9: 85-
91.

80. Wai WW, Alkarkhi AFM, Easa AM (2009) Optimization of 
pectin extraction from durian rind (durio zibethinus) using 
response surface methodology. J Food Sci 74: 637-641.  

81. Al Dhabi NA, Ponmurugan K, Jeganathan PM (2017) De-
velopment and validation of ultrasound-assisted solid-liquid 
extraction of phenolic compounds from waste spent coffee 
grounds. Ultrasonics Sonochem 34: 206-213. 

82. D Alessandro LG, Dimitrov K, Vauchel P, Nikov I (2014) 
Kinetics of ultrasound assisted extraction of anthocyanins 
from Aronia melanocarpa (black chokeberry) wastes. Chem 
Eng Res Des 92: 1818-1826. 


