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Abstract 28 

Animal-based foods such as meat, dairy, and eggs contain abundant essential proteins, 29 

vitamins, and minerals that are crucial for human nutrition. Therefore, there is a worldwide 30 

growing demand for animal-based products. Since animal-based foods are vital resources of 31 

nutrients, it is essential to ensure their microbial safety which may not be ensured by traditional 32 

food preservation methods. Although thermal food preservation methods ensure microbial 33 

inactivation, they may degrade the nutritional value, physicochemical properties, and sensory 34 

qualities of food. Consequently, non-thermal, ultrasound food preservation methods are used in 35 

the food industry to evaluate food products and ensure their safety. Ultrasound is the sound 36 

waves beyond the human audible range, with frequencies greater than 20 kHz. Two types of 37 

ultrasounds can be used for food processing: low-frequency, high-intensity (20–100 kHz, 10–38 

1,000 W/cm²) and high-frequency, low-intensity (>1 MHz, <1 W/cm²). This review emphasizes 39 

the application of ultrasound to improve the microbial safety of animal-based foods. It further 40 

discusses the ultrasound generation mechanism, ultrasound technique for microbial 41 

inactivation, and application of ultrasound in various processing operations, namely thawing, 42 

extraction, and emulsification. 43 

 44 

Keywords: meat product, dairy product, ultrasound, antimicrobial effect, processing properties   45 



 

3 

 

Introduction  46 

Globally, there is a growing demand for dairy and other animal-based products, with 47 

consumption driven by population growth, advancing dietary preferences, increasing income 48 

levels, and urbanization. People in emerging economies tend to increase their consumption of 49 

animal-based food products over time, resulting in a surge in the consumption of protein- and 50 

nutrient-rich diets. Animal-based foods are abundant in essential proteins, vitamins, and 51 

minerals that are crucial for human nutrition (OECD-FAO Agricultural Outlook, 2021). Since 52 

animal-based foods are vital resources of nutrients, it is essential to ensure their microbial safety. 53 

Healthy animals have the potential to transfer microbial hazards such as Escherichia 54 

coli, Listeria monocytogenes, Cryptosporidium, Clostridium perfringens, Campylobacter jejuni, 55 

Shigella, Yersinia enterocolitica, and Salmonella to humans causing major foodborne diseases 56 

(Turantaş et al., 2015). According to the World Health Organization (2024), 600 million people 57 

get ill and 420,000 deaths occur annually from unsafe foods. Hoffmann (2020) reported that 58 

the pathogens responsible for foodborne illnesses mostly originate from animal-based food 59 

sources, and eight among them could cause 13 food-borne illnesses. Due to food bone diseases, 60 

86% of “disability-adjusted life years” (number of years of life lost due to early death or spent 61 

in poor health because of the foodborne illness) were lost due to six pathogens, and 77% of this 62 

burden occurred majorly by Salmonella, Campylobacter, and Taenia solium. Among 63 

these, Salmonella and Campylobacter frequently trigger food-borne illnesses in meat and dairy 64 

products. In Southeast Asia, Salmonella contributes to 33-50% of foodborne diseases. 65 

Foodborne diseases can have negative economic impacts, such as workforce productivity 66 

reduction, social costs related to healthcare, and premature death (Hoffmann, 2020). Hence it 67 

is essential to decontaminate animal-based foods to ensure microbial food safety to safe 68 

consumption. 69 
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Conventional preservation methods for improving food safety, such as maintaining a 70 

low temperature, water activity reduction, addition of preservatives, modified atmospheric 71 

packaging, food acidification, fermentation, regulation of osmotic pressure, and Redeox 72 

potential alteration, have been utilized to inactivate microorganisms. Nevertheless, these 73 

methods' effectiveness is questionable regarding microbial viability after practice in microbial 74 

inactivation (Beales, 2004; Rosario et al., 2021). Thermal and nonthermal food preservation 75 

methods, such as thermal preservation, sterilization, pasteurization, and aseptic packaging, are 76 

widely used in the food industry for effective microbial inactivation. However, heat treatment 77 

degrades the nutritional value, physicochemical properties, and sensory qualities of food 78 

(Valdramidis and Koutsoumanis, 2016). Consequently, non-thermal sterilization methods have 79 

emerged to ensure microbial inactivation while preserving food quality, including ultrasound 80 

sterilization, cold plasma sterilization, ultrahigh-pressure sterilization, pulsed strong light 81 

sterilization, ozone treatment, and ultraviolet sterilization with a pulsed electric field (Zhang et 82 

al., 2022). 83 

Recently, ultrasound sterilization methods have been used in the food industry to 84 

improve food safety. Ultrasound is known to be environmentally friendly due to its low energy 85 

consumption, short processing times, and lack of chemical risk while also being effective in 86 

microbial inactivation. Also, ultrasound is cost-effective compared to other non-thermal 87 

technologies, such as high-pressure processing or irradiation (Gavahian et al., 2018; Yuan et 88 

al., 2021). When ultrasound was treated to animal-based as medium, it creates a continuous 89 

wave movement. This vibration generates and collapses of bubbles and makes some mechanical 90 

energy, radicals, etc. (Nowacka and Wedzik, 2016; Mustapha et al., 2024). This ultrasound 91 

action causes microbial inactivation in animal foods by mechanical destruction of microbial 92 

cell walls, separation of cytoplasmic membranes, and denaturation of microbial proteins and 93 
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enzymes (Kordowska-Wiater and Stasiak, 2011).  94 

Interestingly, the mechanical energy generated by ultrasound not only inactivates 95 

microorganisms but can also affect the quality of animal-based food qualities. Excessive 96 

ultrasound processing conditions can cause quality deterioration, but using the proper 97 

conditions can positively affect animal-based food processing efficiency. Chemat and Khan 98 

(2011) revealed that ultrasound can be utilized for the thawing, extraction, and emulsification 99 

process. The implosion of the cavitation bubble by ultrasound can increase the temperature of 100 

frozen food so that it can be applied to the thawing process (Wu et al., 2017). Ultrasound can 101 

be used in the extraction process. Because the bubble burst by ultrasound cavitation disrupts 102 

the cell wall in food and promotes the extraction of the inside material of the cell (Yang et al., 103 

2017). In addition, ultrasound can be used to produce emulsions. Ultrasound's physical effect 104 

of cavitation enhances the generation of smaller oil droplets and promotes the creation of more 105 

stable emulsions (Taha et al., 2020).   106 

This review emphasizes the application of ultrasound for improving the microbial 107 

safety and application efficacy of animal-based foods. It further discusses the ultrasound 108 

generation mechanism, ultrasound technique for inactivation of microorganisms, and 109 

application of ultrasound in various processing operations, namely emulsification, thawing, and 110 

extraction.  111 

 112 

Generation of Ultrasound 113 

Ultrasound is the sound waves beyond the human audible range which has frequencies 114 

greater than 20 kHz. When ultrasound waves move through a medium, they generate 115 

compression and decompression of particles in the medium. This effect creates energy using 116 

turbulence and elevates mass transfer. Similar to the light wave behavior, ultrasound behaves 117 
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by scattering and reflecting sound (Režek, 2012). Two categories of ultrasound can be used for 118 

food processing: low-frequency, high-intensity (20–100 kHz, 10–1,000 W/cm²) and high-119 

frequency, low-intensity (>1 MHz, <1 W/cm²) (Mason et al., 2011).  120 

According to Kasaai (2013), ultrasound refers to a pressure wave that moves in one 121 

direction. The speed of ultrasound depends on the acoustic properties of the medium. Therefore, 122 

the ultrasound speed is higher in solids, followed by in liquids, with the slowest speed observed 123 

in gas. During ultrasound, electrical energy is transformed into vibrations. While a portion of 124 

the supplied energy is lost as heat, the remaining energy is converted into mechanical energy, 125 

creating mechanical oscillations and formulation of cavitation, resulting in the generation and 126 

collapse of bubbles (Nowacka and Wedzik, 2016; Alarcon-Rojo et al., 2019).  127 

Mustapha et al. (2024) mentioned that ultrasound with a higher frequency increases 128 

cavitation but decreases the penetration depth. Contrastingly, lower-frequency ultrasound 129 

shows greater penetration but results in less cavitation. According to Nowacka and Wedzik 130 

(2016) and Chemat and Khan (2011), the ultrasound process relies on acoustic cavitation. The 131 

moving bubbles endure irregular oscillations and violently burst. This collapse produces high 132 

temperature and pressure, which cause the generation of free radicles, cell deterioration, 133 

microscopic channel creation, and enzyme denaturation.  134 

In the process of ultrasound generation, the transducer is used to generate ultrasound 135 

by converting electrical pulses into acoustic energy. Magneto strictive transducers generate 136 

ultrasound based on the principle of magnetostriction, whereas piezoelectric transducers 137 

transform electrical and acoustic energy. Ultrasound applications are performed directly or 138 

indirectly by using tools such as sonotrodes and ultrasonic water baths. The sonotrode directly 139 

applies acoustic energy to food, whereas in an ultrasonic water bath, a piezoelectric transducer 140 

is attached to the bottom of the water bath or submerged in the liquid and converts a low-141 
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frequency alternating current into a high-frequency sound wave (Bhargava et al., 2021).  142 

 143 

Mechanism for microbial inactivation  144 

Physiochemical changes in microorganisms 145 

Ultrasound is an environment-friendly and cost-effective method for inactivating 146 

microorganisms and microbial enzymes that cause food spoilage and foodborne illnesses. 147 

Ultrasound waves are a non-toxic and safe method for microbial inactivation and have 148 

been used for microbial inactivation since the 1960s (Kentish and Ashokkumar, 2010). 149 

According to Joyce et al. (2011), high-power ultrasonic waves of 20–100 kHz create high-150 

temperature and pressure gradients that disrupt microbial cell membranes and DNA. The 151 

effectiveness of microbial inactivation by ultrasound relies on the cell type, shape, size, and 152 

physiological state of the contaminating microbe; frequency, intensity, and treatment duration 153 

of ultrasound, and the food type that is contaminated, as reported by Turantaş et al., (2015). 154 

Herceg et al. (2012) also revealed that the effectiveness of ultrasound varies between gram-155 

positive and gram-negative bacteria. Gram-positive bacteria are more resistant to ultrasound 156 

treatment than gram-negative bacteria because gram-positive bacteria have a thicker cell wall 157 

and tightly attached peptidoglycan layer (Chemat and Khan, 2011; Herceg et al., 2012). As 158 

mentioned by Chemat and Khan (2011), in addition to the bacterial type, bacterial cell shape 159 

also influences ultrasound inactivation. Because of the ratio between the cell surface and 160 

volume, cocci bacteria are more resistant than bacilli bacteria. Furthermore, Beatty and Walsh 161 

(2016) showed that whether microorganisms are in a vegetative or spore state influences the 162 

effectiveness of ultrasound. Spore inactivation has become more challenging since spores are 163 

the most resistant forms of microbial cells (Van Impe et al., 2018). Microbial spores can survive 164 

under extreme conditions such as mechanical shocks, pH fluctuations, high temperature, and 165 
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osmotic pressure. For instance, endospores of Clostridium and Bacillus species are highly 166 

resistant to extreme conditions. Bacillus thermophilus spores can be inactivated by exposure to 167 

100°C for 4 h (Chemat and Khan, 2011). According to the spore inactivation mechanism of 168 

ultrasound proposed by Onyeaka et al. (2023); shear forces, local erosion, fragmentation, and 169 

sonoporation by ultrasound facilitate sporicidal effects that alter permeability and disrupt spores. 170 

Ultrasound can separate the outer spore exosporium and result in core hydration, cortex 171 

degradation, and breakdown of the spore’s internal structure and components. Additionally, 172 

ultrasound destroys the spore coat and inner membrane. Moreover, ultrasound interrupts the 173 

synthesis of metabolic enzymes, proteins, and nucleic acids in spores.  174 

Single or multiple strains can cause microbial contamination of products in the food 175 

industry. Among them, bacteria often form biofilms, which enhance their antibacterial 176 

resistance and reduce the effectiveness of some sterilization techniques (Cui et al., 2020). In 177 

this context, ultrasound has a greater potential to exert antibacterial effects through mechanical 178 

vibration, acoustic streaming, and acoustic cavitation (Piñon et al., 2020). 179 

 180 

Antimicrobial effect of acoustic cavitation 181 

The microbial inactivation mechanism of ultrasound is attributed to the formation of 182 

intracellular cavitation, which leads to the generation of free radicals, thinning of the 183 

microorganism's cell membrane, and localized heating (Butz and Tauscher, 2002; Chemat and 184 

Khan, 2011). Throughout the ultrasound process, ultrasound longitudinal waves interact with 185 

the liquid media and create compression and expansion. These oscillations result in cavitation 186 

and gas bubble formation. During the expansion cycle, the bubbles have a larger surface area, 187 

leading to the diffusion of more gas and bubble expansion. Over time, the energy supplied by 188 

the ultrasound is not adequate to maintain the vapor phase of the bubble, which leads to rapid 189 
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condensation, resulting in bubble collapse and shock wave generation. These shock waves form 190 

at a high temperature of 5,500°C and a pressure of 50,000 kPa. This high temperature and 191 

pressure are responsible for the antimicrobial properties of ultrasound waves (Piyasena et al., 192 

2003). Along with bubble collapse, several physical effects such as microjets, turbulence, and 193 

liquid shear force can occur. Rapid changes in the pressure and temperature generate reactive 194 

radicals and emission of light. In aqueous medium, homolysis of water vapor molecules occurs 195 

due to the cavitation bubble resulting in the generation of hydroxyl radicals and hydrogen 196 

peroxide (Ashokkumar, 2011). 197 

The severity of cavitation and ultrasound microbial inactivation depends on several 198 

factors, including amplitude, frequency, and duty cycles of the ultrasound wave; viscosity, 199 

temperature, surface tension, and density of the medium; concentration of dissolved gas; 200 

application time of ultrasound; volume and composition of the food being treated (Ashokkumar 201 

et al., 2010; Ashokkumar, 2011; Turantaş et al., 2015). 202 

Based on the physicochemical effects of acoustic cavitation, there are three 203 

antimicrobial strategies, namely sonoporation, sonochemistry, and sonoluminescence. In 204 

sonoporation, the physical effects of acoustic cavitation, such as bubble oscillation and collapse, 205 

form pores in the bacterial cell membranes. These pores increase cell permeability and allow 206 

antibacterial agents to penetrate the cell, and damage cellular proteins, DNA, and enzymes. In 207 

sonochemistry, the collapse of cavitation bubbles induces chemical reactions and generates 208 

reactive radicals such as hydroxyl radicals and hydrogen peroxide. These reactive oxygen 209 

species (ROS) cause oxidative damage to bacterial cell membranes, nucleic acids, and proteins. 210 

Sonochemical reactions are effective at high ultrasound frequencies when used to inactivate 211 

microorganisms. Sonoluminescence is a light emission that occurs during the collapse of 212 

cavitation bubbles. Sonoluminescence activates sonosensitizers (substances that generate 213 
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additional ROS upon exposure to light), which induce oxidative damage in bacterial cells (Dai 214 

et al., 2020). 215 

According to Mason et al. (2003), acoustic cavitation can be classified into two types: 216 

transient and stable cavitation. During transient cavitation (occurring in the low-frequency 217 

range of 20–100 kHz), bubbles saturated with gas or vapor undergo irregular oscillations and 218 

bursts. The pressure and temperature generated by the collapse of bubbles inactivate biological 219 

cells and microbial enzymes. Furthermore, the collapse of bubbles generates a liquid jet, and a 220 

higher shear force causes physical damage to the cell walls and membranes of microorganisms. 221 

Contrastingly, stable cavitation (which occurs in the high-frequency range of >200 kHz) 222 

includes bubbles that oscillate consistently over several acoustic cycles. Stable cavitation 223 

triggers microstreaming in a liquid medium and exerts stress on the microorganisms. According 224 

to Dai et al. (2020), during transient cavitation, within a few acoustic cycles’ bubbles grow to 225 

a critical size and violently collapse. This process generates strong physical forces. In stable 226 

cavitation, the bubble collapses over numerous acoustic cycles with minimum bubble size 227 

increment. The physical forces generated through stable cavitation are relatively lesser than the 228 

physical forces of transient cavitation. 229 

At the end of the compression and decompression cycles, the formation of cavitation 230 

and negative pressure cause a reduction in cell permeability and disruption of the cell wall. 231 

Furthermore, hydroxyl radicals are formed during cavitation bubble bursts. These hydroxyl 232 

radicals lead to the generation of hydrogen peroxide and molecular hydrogen through a process 233 

involving microbial inactivation via various antimicrobial effects such as microstreaming, that 234 

induce thinning of the cell membrane and DNA damage (Butz and Tauscher, 2002; Kadkhodaee 235 

and Povey, 2008; Kentish and Ashokkumar, 2010).  236 

Additionally, Lauteri et al. (2023) mentioned that cavitation formulates shockwaves, 237 
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microstreams, and hotspots that damage bacterial cell walls; gram-negative bacteria are more 238 

sensitive than gram-positive bacteria to these effects. Hydroxyl radicals and hydrogen peroxide 239 

cause amino acid oxidation and lipid oxidation, which disturb bacterial functions and destroy 240 

cell membranes. Furthermore, hydroxyl radicals damage the DNA double helix, alter nitrogen 241 

bases, and damage nucleic acids in cells, eventually contributing to microbial inactivation. As 242 

well as free radicals generated by cavitation can change the membrane fluidity and permeability, 243 

leading to the disruption of bacterial cells.  244 

 245 

Application for microbial inactivation on different animal products  246 

Meat and meat products 247 

Meat is highly susceptible to microbial spoilage, which may lead to foodborne illnesses 248 

from pathogenic microorganism infections that alter intrinsic factors of meat such as pH, 249 

nutrient levels, and water-holding capacity (WHC), as well as extrinsic characteristics such as 250 

processing, transportation, and storage. Common pathogenic microorganisms in meat include 251 

Campylobacter spp., Pseudomonas spp., E. coli, Staphylococcus aureus, and lactic acid bacteria 252 

(Aymerich et al., 2008; Linscott, 2011). 253 

According to previous studies, ultrasound can potentially reduce microorganisms in 254 

meat; poultry, pork, and beef. Caraveo et al. (2015) evaluated the effect of ultrasound on 255 

microbial inactivation in beef by applying ultrasound with 40 kHz frequency and 11 W/cm2 256 

intensity for 60 and 90 min, followed by storage for up to 10 days at 4°C. Mesophilic, 257 

psychrophilic bacteria, and coliform bacteria significantly decreased during storage. 258 

Psychrophilic bacteria and Coliform were most affected by ultrasound treatment. 259 

During beef brining and curing, Kang et al. (2017) applied ultrasound to inactivate E. 260 

coli O157 and vegetative cells of Bacillus cereus. The ultrasound intensity levels were 2.39, 261 
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6.23, 11.32, and 20.96 W/cm2. The treatment temperature was 10°C and time durations were 262 

30, 60, 90, and 120 min. Optimal bacterial reduction was observed after 120 min at 20.96 W/cm². 263 

Both pathogens had approximately 40% of similar reductions. Furthermore, the efficacy of 264 

ultrasound microbial inactivation was significantly improved by using a combination of 265 

decontamination methods, such as irradiation, pressure, organic acids, and pulsed electric fields 266 

(Aronsson and Rönner, 2001; Kim et al., 2001).  267 

In a study performed by Sams and Feria (1991), microbial inactivation was evaluated 268 

on a broiler drumstick using ultrasound (47 kHz) with 1% lactic acid solution at 25°C and 40°C 269 

for 15 or 30 min. The reduction in the total viable count was insignificant at 0–0.8 log CFU/cm² 270 

(CFU- colony forming unit). They concluded that the microbial reduction was minimal because 271 

of the irregular skin surface on the boiler drumstick which creates protection for microbes, and 272 

low temperatures of 25°C and 40°C. However, Kordowska-Wiater and Stasiak (2011) revealed 273 

that ultrasound combined with lactic acid was an effective method for decontaminating poultry 274 

carcass skin. In this study, ultrasound 40 kHz, 2.5 W/cm2 was applied in 1% lactic acid solution 275 

for 3-6 min to chicken wing skin. This approach inactivated Salmonella enterica spp., 276 

Pseudomonas fluorescens Proteus spp., E. coli, Proteus spp., and Enterica sv. by 1.0 log 277 

CFU/cm2 within 3 min and by 1.5 log CFU/cm² within 6 min. Furthermore, E. coli was the most 278 

sensitive to sonication in water, whereas Pseudomonas fluorescens was the most sensitive to 279 

sonication with lactic acid. 280 

Musavian et al. (2014) emphasized that steam ultrasound treatment is an effective 281 

method for broiler carcass decontamination. The experiment used a combination of ultrasound 282 

at 30–40 kHz and steam at 90–94°C. According to the study results, there was a significant 283 

reduction of approximately 0.7 log CFU in total viable count (TVC) and approximately 1.0 log 284 

CFU reduction in Campylobacter. Moreover, a combination of steam and ultrasound was used 285 
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for microbial inactivation on pork jowl surfaces and meat by Morild et al. (2011). The 286 

ultrasound frequency was 30-40 kHz, steam temperature was 130°C, and pressure was 3.5-5 287 

atm supplied at the time intervals of 0, 1.0, 2.0, 3.0, or 4.0 s. Microbial inactivation was higher 288 

on the skin (1-3.6 log CFU/cm²) than on the meat surface (1-2.5 log CFU/cm²). After 0.5 s, E. 289 

coli was significantly more sensitive to steam ultrasound than Salmonella Typhimurium and Y. 290 

enterocolitica. 291 

According to Lillard (1993), ultrasound effectively separated S. Typhimurium from 292 

broiler skin and it caused more reachable inactivation of Salmonella ultrasound (sonication) in 293 

reducing the broiler breast skin. The highest S. Typhimurium reduction of 2.44 to 3.93 log CFU 294 

was observed using a combination of ultrasound (20 kHz for 30 s) and chlorine. Vetchapitak et 295 

al. (2020) evaluated the efficacy of ultrasound in removing Campylobacter from broiler chicken 296 

carcasses. Feathers were vacuumed at 0.02 MPa to remove air from feathers and immersed in 297 

0.1% cetylpyridinium chloride (CPC) and 0.01% sodium hypochlorite (NaOCl). Then 298 

ultrasound treatment was done at 130 kHz. The results revealed that a combination of CPC, 299 

vacuum, and ultrasonication was highly effective in reducing Campylobacter in chicken 300 

carcasses. This combination reduced the bacterial levels by 1.36-1.64 log MPN/10 g (MPN - 301 

most-probable-number) on free-range chickens and by 0.94-1.16 log MPN/10 g on broiler 302 

chickens. 303 

Ultrasound and slightly acidic electrolyzed water have been used during the chicken 304 

breast prechilling process to evaluate microbial inactivation (Cichoski et al., 2019a). Prechilling 305 

of chicken breast was performed for 10 min and ultrasound was applied at frequencies of 25 306 

and 130 kHz. The combination of ultrasound and slightly acidic electrolyzed water significantly 307 

reduced the abundance of mesophilic bacteria, psychrotrophic bacteria, enterobacteria, and 308 

lactic acid bacteria. Additionally, to enhance the shelf life and food safety of raw chicken meat, 309 
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supercritical CO2 and high-power ultrasound were combined (Morbiato et al., 2019). This study 310 

emphasized that both supercritical CO2 and a combination of ultrasound and supercritical CO2 311 

reduced mesophilic bacteria, yeasts, and molds (6 log CFU/g). Other studies of microbial 312 

inactivation by ultrasound in meat are presented in Table 1. 313 

 314 

Milk and dairy products  315 

Globally, milk and dairy products are widely consumed, and milk has a higher demand 316 

because it is nutritionally rich in carbohydrates, proteins, fats, essential vitamins, and minerals 317 

(Gao et al., 2014a). Due to its high nutrient composition, milk is highly perishable and 318 

susceptible to human pathogen contamination (Vijayakumar et al., 2015). To ensure milk and 319 

dairy products safety generally, traditional methods, namely pasteurization and ultra-high-320 

temperature techniques, are utilized in the dairy industry to ensure milk and dairy product safety. 321 

Despite the effectiveness of heat treatment, it causes denaturation of milk protein, inactivation 322 

of enzymes, destruction of vitamins, Maillard reaction, and decreases milk's nutritional value 323 

and sensory qualities. To overcome these disadvantages, nonthermal alternative preservation 324 

methods have emerged and ultrasound is one of the promising preservation methods in the dairy 325 

industry (Akdeniz and Akalın, 2022).  326 

According to Gao et al. (2014b), low-frequency ultrasound at 20 kHz below 30°C is 327 

more effective in the inactivation of Enterobacter aerogenes in milk. However, high-frequency 328 

ultrasound (850 kHz) did not inactivate Enterobacter aerogenes, even after 60 min at 50 W 329 

power. Milk has excellent free radical scavenging ability because it contains antioxidants like 330 

milk proteins (caseins and whey proteins), vitamins, enzymes, and other hydrolysates, which 331 

mitigate radicals and hydrogen peroxide. The free radicals produced by high-frequency 332 

ultrasound are mostly neutralized by these milk antioxidants. Although high-frequency 333 
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ultrasound can inactivate bacteria using its mechanical effects, it is less effective than low-334 

frequency ultrasonication. 335 

Dhahir et al. (2020) investigated microbial inactivation in camel milk by applying 336 

ultrasound at 900 W, 20 kHz, and 100% power for 15 min. After ultrasound treatment, the 337 

levels of E. coli and S. Typhimurium were significantly reduced. Furthermore, ultrasound 338 

treatment can be applied individually or in combination to increase microbial inactivation 339 

efficiency while preserving or enhancing the quality and sensory properties of milk and dairy 340 

products (Vijayakumar et al., 2015; Chandrapala and Zisu 2016).  341 

Cameron et al. (2009) evaluated the effectiveness of ultrasound as a substitute for milk 342 

pasteurization. In this study, ultrasound (20-24 kHz) inactivated 100% of E. coli after 10 min, 343 

99 % of L. monocytogenes after 10 min, and 100% of Pseudomonas fluorescens after 6 min. In 344 

addition, Gabriel (2015) studied the L. monocytogenes inactivation using ultrasound in full-345 

cream milk, low-fat milk, and non-fat milk, where ultrasound frequencies of 28, 45, and 100 346 

kHz were used. A temperature of 60°C was maintained during the 50-min treatment. During 347 

the lag phase, the lowest inactivation rate (0.24 log CFU/min) was observed in full-cream milk, 348 

with the fastest inactivation (0.37 log CFU/min) observed in low-fat milk. 349 

Ultrasound was examined for the inactivation of thermally resistant spore-forming 350 

Bacillus species in skimmed milk by Khanal et al. (2014). Ultrasound was applied for 10 min 351 

at 5000 W, 20 kHz, 80% amplitude. Ultrasound treatment reduced vegetative cells by 4.53 log 352 

for Bacillus coagulans and 4.26 log for Anoxybacillus flavithermus in skim milk. Engin and 353 

Yuceer (2012) compared ultrasound microbial inactivation with milk pasteurization and UV 354 

treatment. Ultrasound treatment was performed at 20 kHz and 75 W for 15 min and maintained 355 

temperature at 5°C However, the ultrasound treatment was insufficient to reduce yeasts and 356 

molds. 357 
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Bermúdez‐Aguirre et al. (2009) studied the microbial inactivation in raw whole milk 358 

using thermosonication and heat pasteurization. Ultrasound at 400W power and 24 kHz 359 

frequency was applied for 10, 20, and 30 min at 63°C. After 16 days of storage, mesophilic 360 

bacteria did not show growth rates higher than 2 log. Moreover, rennet cheese whey was treated 361 

with ultrasound and heat pasteurization by Jeličić et al. (2012). Ultrasound at 24 kHz and 240-362 

400 W was supplied for 5, 6.5, and 8 min at 35°C, 45°C, and 55°C. Treatment at 400 W and 363 

55°C for 8 min reduced the TVC (2.46 log) to a greater extent compared with pasteurization. 364 

Inactivation of Geobacillus stearothermophilus spores and vegetative cells using 365 

ultrasound was evaluated in skimmed milk powder (Beatty and Walsh, 2016). High-intensity 366 

ultrasound was applied for 5-30 s between 45 and 75°C. Thermosonication was effective with 367 

a reduction in vegetative cells (4.8 log) under optimized conditions of 19.75% total solids, 45°C, 368 

and 30 s. The optimum conditions for spore reduction (0.45 log) were 31.5% total solids, 67.5°C, 369 

and 17.5 s. 370 

 In addition, Jalilzadeh et al. (2018) evaluated ultrasound microbial inactivation in 371 

ultrafiltered feta-type cheese produced using ultrasound-treated milk. Ultrasound was applied 372 

to milk at 20, 40, and 60 kHz frequencies with an intensity of 80% for 20 min. The ultrasound 373 

significantly reduced E. coli, S. aureus, Clostridium sporogenes, and Penicillium chrysogenum. 374 

At a frequency of 60 kHz, the highest inactivation was observed for E. coli and S. aureus. 375 

Microbial inactivation in Mexican panela cheese was evaluated using ultrasound; the 376 

cheese was prepared using ultrasound-treated milk (Carrillo-Lopez et al., 2020). The milk was 377 

treated for 0, 5, and 10 min at an ultrasound frequency of 24 kHz and 400 W at 16°C. The 378 

amplitudes were 50% and 100%. Regardless of the treatment time, ultrasound at 50% amplitude 379 

reduced coliform bacteria levels. However, at 100% amplitude at 10 min, mesophilic bacteria 380 

were increased by 0.9 log. Other studies of microbial inactivation by ultrasound in dairy and 381 
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dairy products are presented in Table 1. 382 

 383 

Eggs and egg products 384 

Eggs are frequently associated with foodborne disease outbreaks, mainly caused by 385 

Salmonella spp. contamination such as Salmonella enteritidis. In addition, eggshell microbial 386 

flora contains Staphylococcus, Bacillus, Pseudomonas, and E. coli. At room temperature, 387 

Salmonella on eggshells penetrates the egg yolk and proliferates due to the high nutrient content 388 

in the egg yolk. Eggs can even be contaminated inside the poultry reproductive system or after 389 

laying through contact with contaminated environments. Under humid conditions, yeasts and 390 

molds such as Aspergillus, Penicillium, Rhizopus, Mucor, Rhodotorula, and Cladosporium can 391 

grow on eggshells (Wilkin and Winter, 1947; Stadelman et al., 1996; Guan et al., 2006; Aygan, 392 

2017).  393 

Eggs are commonly decontaminated by thermal pasteurization (limitations: nutrient 394 

loss, undesirable flavor, altered texture, and functional properties); chemical sanitization using 395 

chlorine, ammonium compounds, and hydrogen peroxide (limitations: harmful chemical 396 

residues, ineffective in removing bacteria in eggshell spores); and irradiation (limitations: 397 

reduced eggshell quality and strength). Because of the limitations of these methods, ultrasound 398 

is an effective nonthermal technology for microbial inactivation in the egg industry (Bermudez‐399 

Aguirre and Niemira, 2023). 400 

The inactivation of S. Typhimurium by ultrasound on liquid whole eggs was evaluated 401 

by Wrigley and Llorca (1992). Ultrasound was supplied at 20°C, 40°C, and 50°C for 15 and 30 402 

min. According to the results, ultrasound treatment at 50°C reduced S. Typhimurium counts by 403 

1-3 log CFU. Manothermosonication involves a combination of ultrasound waves under 404 

pressure with lethal temperatures to inactivate microorganisms. Mañas et al. (2000) applied 405 
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manothermosonication to inactivate Salmonella serotypes in whole eggs at an ultrasound 406 

amplitude of 117 microns, pressure of 200 kPa, and lethal temperature of 60°C. 407 

Manothermosonication significantly reduced Salmonella senftenberg levels by more than 99 % 408 

inactivation (3 log cycles) within 3.5 min. 409 

Nagy et al. (2022) combined sonication and mild heat to reduce E. coli in liquid egg 410 

products using ultrasound with frequencies of 20 and 40 kHz and with the powers of 80 and 411 

300 W for 30 or 60 min at 55°C. These combinations significantly reduced E. coli. At 300 W 412 

and 40 kHz for 60 min treatment, reduced E. coli from 5 log CFU/mL to below 10 CFU/mL in 413 

liquid egg products. Additionally, 60-minute treatment, regardless of the power and frequency, 414 

reduced E. coli concentration below 10 CFU/mL. Additionally, Huang et al. (2006) studied S. 415 

enteritidis inactivation in liquid whole eggs using ultrasound. The optimum ultrasound 416 

conditions for inactivation were 40 W at 55°C for 5 min, with a pulsed electric field of 30 pulses 417 

at 5-67 kV/mm and 55°C, and hydraulic high-pressure (2–2–4 min cyclic treatments at 138 418 

MPa, 20°C). The combination treatment of ultrasound and hydraulic high-pressure showed the 419 

highest microbial reduction of 3.2 log cycles in liquid whole eggs. Other studies of ultrasound 420 

microbial inactivation in eggs are presented in Table 1. 421 

 422 

The other applications for different processing steps 423 

Thawing 424 

During the thawing process, frozen meat undergoes complicated heat and mass transfer, 425 

which can straightforwardly affect frozen food’s quality and physicochemical properties 426 

(Stinco et al., 2013). Furthermore, the thawing processes can facilitate the proliferation of 427 

survived microorganisms in frozen foods (Hanenian and Mittal, 2004). Due to that low 428 

temperature and accelerated thawing rates are crucial for reducing spoilage and preserving food 429 
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quality during the thawing process. Ultrasound is more beneficial due to its high efficiency in 430 

thawing and low cost. The heat generation due to the cavitation bubbles collapses during the 431 

ultrasound process, increasing the temperature of frozen food, followed by the conversion of 432 

ice to water (Wu et al., 2017). Furthermore, more ultrasound energy is absorbed by frozen 433 

tissues than by their unfrozen counterpart. However, this energy is concentrated on 434 

the frozen/thawed boundary, which prevents overheating during the thawing process (Miles et 435 

al., 1999). Due to that the ultrasound with adequate power avoids localized overheating and 436 

accelerates thawing while preserving food quality. 437 

The study of Liu et al. (2024) evaluated the effects of ultrasound thawing (power 300 438 

W, frequency 30 kHz, for a 3-s on and 3-s off cycle) on the quality of Tibetan pork. The results 439 

revealed that ultrasound thawing accelerated the thawing process and reduced thawing time 440 

which led to the preservation of meat freshness. Additionally, it improved meat tenderness, 441 

decreased lipid oxidation and protein oxidation, improved water-protein binding, and retained 442 

the pork meat color. Ultrasound thawing alters amino acid metabolism and reduces 443 

the bitterness of pork by reducing hypoxanthine levels. 444 

Wang et al. (2021) applied ultrasound (400 W and 45 kHz) to beef during various stages 445 

of freezing and thawing (before freezing, during freezing, during thawing, and after thawing) 446 

to evaluate the WHC of beef during ultrasound thawing. The WHC was enhanced by ultrasound 447 

at all stages, with the highest WHC (0.78) observed during the thawing stage. Moreover, 448 

ultrasound treatment increased the springiness and pH and reduced the hardness of beef. 449 

Moreover, Du et al. (2021) studied the reduction in egg yolk quality that occurred due to the 450 

freezing-thawing process and discovered ultrasound thawing had excellent emulsion stability 451 

and emulsion activity in egg yolk. These egg yolks had a uniform particle distribution, and the 452 

texture parameters (hardness, viscosity, and cohesiveness) were similar to those of fresh egg 453 
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yolks. 454 

The impact of ultrasound thawing on off-flavor and eating quality of frozen duck meat 455 

was measured by Sun et al. (2023). It exhibits that the range from 200 to 600 W reduced the 456 

thawing time by 30.96 %-55.05 %. Additionally, 400 W ultrasound thawing treatment reduced 457 

thawing loss, pressure water loss, CIE L*, CIE b*, pH, and shear force while improving the 458 

redness, tenderness, and WHC. To examine the quality characteristics of pork, Hong et al. (2014) 459 

combined ultrasound thawing treatments (40 kHz, 150 W) with brine (2% NaCl, w/v) or water. 460 

The results showed that a combination of ultrasound and brine treatment reduced cooking loss 461 

and increased the thawing rate and tenderness. However, this combination caused pork 462 

discoloration. 463 

Wang et al. (2020) evaluated the impact of novel thawing methods, including 464 

ultrasound thawing, on the myofibrillar protein’s gelling properties from porcine longissimus 465 

dorsi. According to the study results, ultrasound thawing (20°C, 45 min, and 500 W) resulted 466 

in less gel quality deterioration compared with microwave and water immersion thawing 467 

methods. Further, Chen et al. (2021) examined the impact of ultrasound on the quality and 468 

structural integrity of concentrated and pasteurized milk. Ultrasound thawing (200 W, 53 kHz, 469 

and 20°C) reduced the fat globule size and minimized the clustering. The brightness of both 470 

pasteurized and concentrated milk was preserved using ultrasound. As well ultrasound thawing 471 

sustained more favorable heat stability. Other studies of ultrasound-based thawing are presented 472 

in Table 2. 473 

 474 

Extraction 475 

Using ultrasound as an extraction method is more beneficial than using conventional 476 

extraction methods such as Soxhlet extraction, maceration, and heat reflux, which have the 477 
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drawbacks of requiring a large amount of solvent, extensive labor, high cost, and energy 478 

demands. Ultrasound extraction requires less energy, solvent, and time. Also, since ultrasound 479 

extraction utilizes low temperatures, it is applicable for heat-sensitive food extraction (Moreira 480 

et al., 2019; Ojha et al., 2020).  481 

The bubble implosion and cavitation that occur due to ultrasound enhances cell wall 482 

disruption and facilitate mass transfer from the solid to liquid phase. Furthermore, ultrasound 483 

formulates microchannels within the tissue improving solvent penetration into the solid matrix 484 

and boosting mass transfer (Yang et al., 2017). Ultrasound extraction efficiency relies on 485 

frequency, ultrasonic power, solvent choice, and matrix-to-solvent ratio (Rodsamran and 486 

Sothornvit, 2019). Previous studies have evidence that ultrasound involved extraction in tracing 487 

organic compounds in animal tissues and plants, increasing extraction yields (McCracken et al., 488 

2000; Altemimi et al., 2016).  489 

Sun et al. (2006) found that ultrasound-associated extraction significantly enhanced the 490 

extraction of lutein from chicken livers. As well as ultrasound increases extraction efficiency 491 

and inhibits the chemical decomposition of exposed compounds. In this study, ultrasound 492 

treatment (10 W) was applied for 10 min. To extract macrolides from chicken fat, Lorenzetti et 493 

al. (2019) have developed a reverse ultrasound-assisted emulsification-microextraction 494 

technique. Ultrasound at 91 W was applied for 7.5 min. The results revealed that the reverse 495 

ultrasound-assisted emulsification-microextraction technique efficiently extracted macrolides 496 

from chicken skin with a recovery rate of 73 % - 117%. In addition, it proved the suitability of 497 

the reverse ultrasound-assisted emulsification-microextraction technique to apply in chicken 498 

fat-like complicated biological systems.  499 

Ultrasound extraction has been used to efficiently extract insulin from the cow pancreas 500 

(Zayas, 1985). The optimum ultrasound parameters were 19.5 kHz intensity of 3.3 W/cm² for 501 
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5–10 min. Furthermore, Zayas (1986) studied chymosin extraction from abomasum tissue using 502 

an ultrasound extraction technique. Under the optimal conditions of intensity of 3.34 W/cm² at 503 

15°C for 45 min, the ultrasound extraction technique significantly enhanced the chymosin yield. 504 

Additionally, Yue et al. (2006) used an ultrasound-assisted solvent extraction technique to 505 

extract lutein from egg yolks. The ultrasound-assisted solvent extraction method (10 W for 10 506 

min) generated a significantly higher lutein yield, with a maximum yield of 89.9 μg/g This 507 

method was more effective because it avoided degradation reactions compared to the traditional 508 

saponification solvent extraction technique.  509 

Jain and Anal (2016) determined the effect of ultrasonic pretreatment on enzymatic 510 

hydrolysis of eggshell membrane proteins. The optimal ultrasonic extraction conditions used 511 

were 24 kHz, 200 W, amplitude of 95.74%, 28.06 min, and a solid-to-solvent ratio of 1:30 512 

(g/mL). According to the results, ultrasound pretreatment significantly enhanced the 513 

concentration of protein and enzymatic hydrolysis by papain and alcalase. Other studies of 514 

ultrasound-based extraction are presented in Table 3. 515 

 516 

Emulsification  517 

Ultrasound emulsification utilizes the cavitation effect, which involves micro-bubble 518 

generation, growth, and breakdown in ultrasonic fields. Emulsification relies on the physical 519 

effects of cavitation, such as shock waves, pressure, liquid jets, shearing, and turbulence 520 

(Ashokkumar, 2011). These physical effects break oil droplets into smaller droplets and 521 

generate a more stable oil-in-water emulsion (Cucheval and Chow, 2008). Ultrasound-treated 522 

emulsions usually undergo two steps. Initially, large droplets form in the dispersed phase, which 523 

are then broken down into smaller droplets by cavitation and shearing (Leong et al., 2018). 524 

According to Tang et al. (2013), cavitation impact directly breaks down emulsion droplets into 525 
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smaller particles, forming a water-in-oil emulsion. However, Perdih et al. (2019) explain that 526 

the microjet generated by imploded cavitation bubbles pushes water near the oil phase into the 527 

oil phase. This process continues to form smaller droplets, creating a fine oil-in-water emulsion.  528 

The study by Amiri et al. (2018) evaluated the ultrasound effect on emulsifying and 529 

stabilizing properties of myofibrillar proteins in beef. Ultrasound at powers of 100 and 300 W 530 

was applied to myofibrillar protein extract for 10, 20, and 30 min. These treatments improved 531 

the emulsification efficiency by increasing the surface hydrophobicity and surface-to-volume 532 

ratio. As well as Li et al. (2020) evaluated the impact of ultrasound on the emulsifying and 533 

stabilizing properties of myofibrillar proteins in chicken meat. After ultrasound application (20 534 

kHz and 450 W for 0, 3, and 6 min) emulsion stability index (the ability of a protein to stabilize 535 

emulsions by being absorbed in the oil-water interface) and emulsion activity index (stability 536 

of an emulsion over time, particularly its resistance to phase separation or coalescence) 537 

significantly increased, leading to stable emulsions. Pinton et al. (2019) applied ultrasound at 538 

230 W, 25 kHz, and 33 W/L for 0, 9, and 18 min to examine the effects of ultrasound on the 539 

oxidative, sensory, and technological qualities of meat emulsions with different phosphate 540 

contents. These results showed that ultrasound treatment for 18 min enhanced low-phosphate 541 

meat emulsions, suggesting that this process is beneficial for producing meat products with low 542 

phosphate levels.  543 

Zhou et al. (2021) examined the effects of ultrasound (20 kHz, 240 W, 6 min) to 544 

improve the rheological properties and emulsifying ability of pork fat emulsion which 545 

stabilized with myofibrillar proteins using various protein: fat ratios. Ultrasound treatment 546 

increased the emulsifying activity, emulsion stability, and flow index of the emulsion while 547 

decreasing its viscosity coefficient of emulsion. Moreover, the size of fat particles was reduced, 548 

leading to a uniform distribution of the emulsion. In addition, Arzeni et al. (2012) examined 549 
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the effects of high-intensity ultrasound on the emulsifying characteristics of egg white proteins. 550 

Egg whites were treated with ultrasound at 20 kHz and 20% amplitude for 20 min. The emulsion 551 

prepared using this ultrasound treatment showed higher foaming and creaming stability 552 

compared to the non-treated egg whites.  553 

Shanmugam and Ashokkumar (2014), studied preparing stable flaxseed oil emulsions 554 

in dairy systems using ultrasound treatment at 20 kHz for 1–8 min. The study exhibits 555 

a minimum time of 3 min and ultrasound power of 176 W was adequate to generate finer stable 556 

droplets of emulsion (7% oil), which were stable at 4°C for at least 9 days. Furthermore, Aslan 557 

and Dogan (2018) formulated a dairy-based emulsifier-free emulsion by incorporating 7%, 10%, 558 

and 15% olive oil into a milk medium and treated with ultrasound (24 kHz) for 3 min. 559 

Ultrasound treatment enhanced the stability and zeta potential of these emulsions while 560 

decreasing their creaming index and droplet size, eventually leading to a finer and more stable 561 

emulsion. Other studies of ultrasound-based emulsification are summarized in Table 4. 562 

 563 

Conclusion  564 

Ultrasound is an environment-friendly, cost-effective, and nonthermal method that can 565 

be used to inactivate microorganisms that cause animal-based food spoilage and foodborne 566 

illnesses. This review elucidates that ultrasound, alone or in combination with other food 567 

preservation methods, has the potential to ensure the microbial safety of animal-based foods. 568 

The microbial inactivation mechanism by ultrasound involves the formulation of intracellular 569 

cavitation. The physical effects of acoustic cavitation disrupt cell membranes, increase 570 

membrane permeability, and cause leakage of intracellular components. The reactive radicals 571 

generated through cavitation cause oxidative damage to microbial cell membranes, proteins, 572 

and nucleic acids. Furthermore, this review shows that ultrasound is efficient in the application 573 
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of thawing, extraction, and emulsification of animal-based products. 574 

This study reviewed the positive aspects of ultrasound on animal-based food. However, 575 

excessive use of ultrasound might have a negative effect on the animal-based food quality. 576 

Therefore, further research should be conducted using ultrasound treatment to identify the effect 577 

of quality deterioration on animal-based food. Through this, exploring the optimal conditions 578 

that can prevent quality deterioration while increasing sterilization and processing efficiency is 579 

necessary. Furthermore, continuous research is needed to investigate the additional effects of 580 

ultrasound on animal-based foods. Ultrasound technology should be developed and expanded 581 

to suit specific applications in its respective fields. These kinds of researches can lead to next 582 

step for the application of ultrasound at industrial levels.  583 

  584 



 

26 

 

References  585 

Abril B, Sanchez-Torres EA, Bou R, Garcia-Perez JV, Benedito J. 2021. Ultrasound 586 

intensification of Ferrochelatase extraction from pork liver as a strategy to improve ZINC-587 

protoporphyrin formation. Ultrason Sonochem. 78:105703. 588 

Akdeniz V, Akalın AS. 2022. Recent advances in dual effect of power ultrasound to 589 

microorganisms in dairy industry: activation or inactivation. Crit Rev Food Sci Nutr. 590 

62:889-904. 591 

Alarcon-Rojo AD, Carrillo-Lopez LM, Reyes-Villagrana R, Huerta-Jiménez M, Garcia-Galicia 592 

IA. 2019. Ultrasound and meat quality: A review. Ultrason Sonochem. 55:369-82. 593 

Altemimi A, Watson DG, Choudhary R, Dasari MR, Lightfoot DA. 2016. Ultrasound assisted 594 

extraction of phenolic compounds from peaches and pumpkins. PLoS One. 11(2) 595 

Amiri A, Sharifian P, Soltanizadeh N. 2018. Application of ultrasound treatment for improving 596 

the physicochemical, functional and rheological properties of myofibrillar proteins. Int J 597 

Biol Macromol. 111:139-47. 598 

Aronsson K, Rönner U. 2001. Influence of pH, water activity and temperature on the 599 

inactivation of Escherichia coli and Saccharomyces cerevisiae by pulsed electric fields. 600 

Innov Food Sci Emerg Technol. 2:105-12. 601 

Arzeni C, Pérez OE, Pilosof AM. 2012. Functionality of egg white proteins as affected by high-602 

intensity ultrasound. Food Hydrocoll. 29:308-16. 603 

Ashokkumar M. 2011. The characterization of acoustic cavitation bubbles–an overview. 604 

Ultrason Sonochem. 18:864-72. 605 

Ashokkumar M, Bhaskaracharya R, Kentish S, Lee J, Palmer M, Zisu B. 2010. The ultrasonic 606 

processing of dairy products — An overview. Dairy Sci Technol. 90:147-68. 607 

Aslan D, Dogan M. 2018. The influence of ultrasound on the stability of dairy-based, 608 



 

27 

 

emulsifier-free emulsions: rheological and morphological aspect. Eur Food Res Technol. 609 

244:409-21. 610 

Aygun A. 2017. The eggshell microbial activity. In: Egg innovations and strategies for 611 

improvements. London: Academic Press, UK. pp 135-44. 612 

Aymerich T, Picouet PA, Monfort JM. 2008. Decontamination technologies for meat products. 613 

Meat Sci. 78:114-29. 614 

Beales N. 2004. Adaptation of microorganisms to cold temperatures, weak acid preservatives, 615 

low pH, and osmotic stress: a review. Compr Rev Food Sci Food Saf. 3:1-20. 616 

Beatty NF, Walsh MK. 2016. Influence of thermosonication on Geobacillus 617 

stearothermophilus inactivation in skim milk. Int Dairy J. 61:10-7. 618 

Bermúdez-Aguirre D, Mawson R, Versteeg K, Barbosa-Cánovas GV. 2009. Composition 619 

properties, physicochemical characteristics, and shelf life of whole milk after thermal and 620 

thermo-sonication treatments. J Food Qual. 32:283-302. 621 

Bermudez-Aguirre D, Niemira BA. 2023. A review on egg pasteurization and disinfection: 622 

Traditional and novel processing technologies. Compr Rev Food Sci Food Saf. 22:756-623 

84. 624 

Bhargava N, Mor RS, Kumar K, Sharanagat VS. 2021. Advances in application of ultrasound 625 

in food processing: A review. Ultrason Sonochem. 70:105293. 626 

Birk T, Knøchel S. 2009. Fate of food-associated bacteria in pork as affected by marinade, 627 

temperature, and ultrasound. J Food Prot. 72:549-55. 628 

Bi X, Wang X, Chen Y, Chen L, Xing Y, Che Z. 2020. Effects of combination treatments of 629 

lysozyme and high power ultrasound on the Salmonella typhimurium inactivation and 630 

quality of liquid whole egg. Ultrason Sonochem. 60:104763. 631 

Butz P, Tauscher B. 2002. Emerging technologies: chemical aspects. Food Res Int. 35:279-84. 632 



 

28 

 

Cameron M, McMaster LD, Britz TJ. 2009. Impact of ultrasound on dairy spoilage microbes 633 

and milk components. Dairy Sci Technol. 89:83-98. 634 

Caraveo O, Alarcon‐Rojo AD, Renteria A, Santellano E, Paniwnyk L. 2015. Physicochemical 635 

and microbiological characteristics of beef treated with high‐intensity ultrasound and 636 

stored at 4°C. J Sci Food Agric. 95:2487-93. 637 

Carrillo-Lopez LM, Huerta-Jimenez M, Garcia-Galicia IA, Alarcon-Rojo AD. 2019. Bacterial 638 

control and structural and physicochemical modification of bovine Longissimus dorsi by 639 

ultrasound. Ultrason Sonochem. 58:104608. 640 

Carrillo-Lopez LM, Juarez-Morales MG, Garcia-Galicia IA, Alarcon-Rojo AD, Huerta-641 

Jimenez M. 2020. The effect of high-intensity ultrasound on the physicochemical and 642 

microbiological properties of Mexican panela cheese. Foods. 9:313. 643 

Castillo-Zamudio RI, Paniagua-Martínez I, Ortuño-Cases C, García-Alvarado MA, Larrea V, 644 

Benedito J. 2021. Use of high-power ultrasound combined with supercritical fluids for 645 

microbial inactivation in dry-cured ham. Innov Food Sci Emerg Technol. 67:102557. 646 

Chandrapala J, Zisu B. 2016. Novel trends in engineered milk products. J Dairy Res. 83:268-647 

80. 648 

Chen C, Mei J, Xie J. 2021. Impact of thawing methods on physico‐chemical properties and 649 

microstructural characteristics of concentrated milk. J Food Process Preserv. 45:1-10. 650 

Cichoski AJ, Flores DRM, De Menezes CR, Jacob-Lopes E, Zepka LQ, Wagner R, Barin JS, 651 

de Moraes Flores EM, da Cruz Fernandes M, Campagnol PCB. 2019a. Ultrasound and 652 

slightly acid-electrolyzed water application: An efficient combination to reduce the 653 

bacterial counts of chicken breast during pre-chilling. Int J Food Microbiol. 301:27-33. 654 



 

29 

 

Cichoski AJ, Silva MS, Leães YSV, Brasil CCB, de Menezes CR, Barin JS, Wagner R, 655 

Campagnol PCB. 2019b. Ultrasound: A promising technology to improve the 656 

technological quality of meat emulsions. Meat Sci. 148:150-55. 657 

Cui H, Zhang C, Li C, Lin L. 2020. Inhibition mechanism of cardamom essential oil on 658 

methicillin-resistant Staphylococcus aureus biofilm. LWT. 122:109057. 659 

Cucheval A, Chow RCY. 2008. A study on the emulsification of oil by power ultrasound. 660 

Ultrason Sonochem. 15:916-20. 661 

Dai J, Bai M, Li C, Cui H, Lin L. 2020. Advances in the mechanism of different antibacterial 662 

strategies based on ultrasound technique for controlling bacterial contamination in food 663 

industry. Trends Food Sci Technol. 105:211-22. 664 

Dhahir N, Feugang J, Witrick K, Park S, AbuGhazaleh A. 2020. Impact of ultrasound 665 

processing on some milk-borne microorganisms and the components of camel milk. Emir 666 

J Food Agric. 32:245-54. 667 

Du QP, Zhao Y, Wang RH, Chi YJ. 2021. Effects of different thawing methods on the 668 

functional properties, physicochemical properties and protein structures of frozen egg 669 

yolks. Food Sci. 42: 8-16. 670 

Gabriel AA. 2015. Inactivation of Listeria monocytogenes in milk by multifrequency power 671 

ultrasound. J Food Process Preserv. 39:846-53. 672 

Gambuteanu C, Alexe P. 2015. Comparison of thawing assisted by low-intensity ultrasound on 673 

technological properties of pork Longissimus dorsi muscle. J Food Sci Technol. 52:2130-674 

8. 675 

Gao S, Hemar Y, Lewis GD, Ashokkumar M. 2014a. Inactivation of Enterobacter aerogenes 676 

in reconstituted skim milk by high-and low-frequency ultrasound. Ultrason Sonochem. 677 

21:2099-106. 678 



 

30 

 

Gao S, Lewis GD, Ashokkumar M, Hemar Y. 2014b. Inactivation of microorganisms by low-679 

frequency high-power ultrasound: 1. Effect of growth phase and capsule properties of the 680 

bacteria. Ultrason Sonochem. 21:446-53. 681 

Garcia RA, Clevenstine SM, Piazza GJ. 2015. Ultrasonic processing for recovery of chicken 682 

erythrocyte hemoglobin. Food Bioprod Process. 94:1-9. 683 

Gavahian M, Chen YM, Khaneghah AM, Barba FJ, Yang BB. 2018. In-pack sonication 684 

technique for edible emulsions: Understanding the impact of acacia gum and lecithin 685 

emulsifiers and ultrasound homogenization on salad dressing emulsions stability. Food 686 

Hydrocoll. 83:79-87. 687 

Gera N, Doores S. 2011. Kinetics and mechanism of bacterial inactivation by ultrasound waves 688 

and sonoprotective effect of milk components. J Food Sci. 76:111-119. 689 

Guan J, Grenier C, Brooks BW. 2006. In vitro study of Salmonella Enteritidis and Salmonella 690 

Typhimurium definitive type 104: survival in egg albumen and penetration through the 691 

vitelline membrane. Poult Sci. 85:1678-81. 692 

Guo Z, Ge X, Yang L, Ma G, Ma J, Yu QL, Han L. 2021. Ultrasound-assisted thawing of frozen 693 

white yak meat: Effects on thawing rate, meat quality, nutrients, and microstructure. 694 

Ultrason Sonochem. 70:105345. 695 

Hanenian R, Mittal GS. 2004. Effect of freezing and thawing on meat quality. J Food Agric 696 

Environ. 2:74-80. 697 

Herceg Z, Režek Jambrak A, Lelas V, Mededovic Thagard S. 2012. The effect of high intensity 698 

ultrasound treatment on the amount of Staphylococcus aureus and Escherichia coli in 699 

milk. Food Technol Biotechnol. 50:46-52. 700 

Hernández-Falcón TA, Monter-Arciniega A, del Socorro Cruz-Cansino N, Alanís-García E, 701 

Rodríguez-Serrano GM, Castañeda-Ovando A, Garibay MG, Moreno ER, Ordaz JJ. 2018.  702 



 

31 

 

Effect of thermoultrasound on aflatoxin M1 levels, physicochemical and microbiological 703 

properties of milk during storage. Ultrason Sonochem. 48:396-403. 704 

Hoffmann S. Most global foodborne illness from animal-source foods can be traced to six 705 

pathogens. 2020. Amber Waves Magazine. U.S. Department of Agriculture [cited 2024 706 

Oct 01]. Available from: https://www.ers.usda.gov/amber-waves/2020/august/most-707 

global-foodborne-illness-from-animal-source-foods-can-be-traced-to-six-pathogens/. 708 

Hong GP, Chun JY, Jo YJ, Choi MJ. 2014. Effects of water or brine immersion thawing 709 

combined with ultrasound on quality attributes of frozen pork loin. Korean J Food Sci 710 

Anim Resour. 34:115. 711 

Huang E, Mittal GS, Griffiths MW. 2006. Inactivation of Salmonella enteritidis in liquid whole 712 

egg using combination treatments of pulsed electric field, high pressure, and ultrasound. 713 

Biosyst Eng. 94:403-13. 714 

Jain S, Anal AK. 2016. Optimization of extraction of functional protein hydrolysates from 715 

chicken eggshell membrane (ESM) by ultrasonic-assisted extraction (UAE) and 716 

enzymatic hydrolysis. LWT Food Sci Technol. 69:295-302. 717 

Jalilzadeh A, Hesari J, Peighambardoust SH, Javidipour I. 2018. The effect of ultrasound 718 

treatment on microbial and physicochemical properties of Iranian ultrafiltered feta-type 719 

cheese. J Dairy Sci. 101:5809-20. 720 

Jeličić I, Božanić R, Brnčić M, Tripalo B. 2012. Influence and comparison of thermal, 721 

ultrasonic and thermo-sonic treatments on microbiological quality and sensory properties 722 

of rennet cheese whey. Mljekarstvo. 62:165-78. 723 

Joyce E, Al-Hashimi A, Mason TJ. 2011. Assessing the effect of different ultrasonic 724 

frequencies on bacterial viability using flow cytometry. J Appl Microbiol. 110:862-70. 725 

https://www.ers.usda.gov/amber-waves/2020/august/most-global-foodborne-illness-from-animal-source-foods-can-be-traced-to-six-pathogens/
https://www.ers.usda.gov/amber-waves/2020/august/most-global-foodborne-illness-from-animal-source-foods-can-be-traced-to-six-pathogens/


 

32 

 

Kadkhodaee R, Povey MJ. 2008. Ultrasonic inactivation of Bacillus α-amylase. I. Effect of gas 726 

content and emitting face of probe. Ultrason Sonochem. 15:133-42. 727 

Kasaai MR. 2013. Input power-mechanism relationship for ultrasonic irradiation: Food and 728 

polymer applications. Sci Res. 5:14-22. 729 

Kang D, Jiang Y, Xing L, Zhou G, Zhang W. 2017. Inactivation of Escherichia coli O157: H7 730 

and Bacillus cereus by power ultrasound during the curing processing in brining liquid 731 

and beef. Food Res Int. 102:717-27. 732 

Kentish S, Ashokkumar M. 2010. The physical and chemical effects of ultrasound. In: 733 

Ultrasound technologies for food and bioprocessing. Springer. New York, USA. pp 1-12. 734 

Khanal SN, Anand S, Muthukumarappan K, Huegli M. 2014. Inactivation of thermoduric 735 

aerobic sporeformers in milk by ultrasonication. Food Control. 37:232-9. 736 

Kim YS, Park SJ, Cho YH, Park J. 2001. Effects of combined treatment of high hydrostatic 737 

pressure and mild heat on the quality of carrot juice. J Food Sci. 66:1355-60. 738 

Kordowska-Wiater M, Stasiak, DM. 2011. Effect of ultrasound on survival of gram-negative 739 

bacteria on chicken skin surface. Bull Vet Inst Pulawy. 55:207-210. 740 

Leong TSH, Manickam S, Martin GJ, Li W, Ashokkumar M. 2018. Ultrasonic production of 741 

nano-emulsions for bioactive delivery in drug and food applications. Vol. 46. 742 

Berlin/Heidelberg, Germany: Springer. 743 

Li K, Fu L, Zhao YY, Xue SW, Wang P, Xu XL, Bai YH. 2020. Use of high-intensity 744 

ultrasound to improve emulsifying properties of chicken myofibrillar protein and enhance 745 

the rheological properties and stability of the emulsion. Food Hydrocoll. 98:105275. 746 

Lillard HS. 1993. Bactericidal effect of chlorine on attached Salmonellae with and without 747 

sonication. J Food Prot. 56:716-7. 748 

Linscott AJ. 2011. Food-borne illnesses. Clin Microbiol Newsl. 33:41-5. 749 



 

33 

 

Liu J, Li X, Geng F, Li X, Huang Y, Wu Y, Luo Z, Huang Q, Shang P, Liu Z. 2024. Ultrasound-750 

assisted improvement of thawing quality of Tibetan pork by inhibiting oxidation. Ultrason 751 

Sonochem. 110:107029. 752 

Lorenzetti AS, Lista AG, Domini CE. 2019. Reverse ultrasound-assisted emulsification-753 

microextraction of macrolides from chicken fat followed by electrophoretic determination. 754 

LWT. 113:108334. 755 

Lauteri C, Ferri G, Piccinini A, Pennisi L, Vergara A. 2023. Ultrasound technology as 756 

inactivation method for foodborne pathogens: A review. Foods. 12:1212. 757 

Mañas P, Pagán R, Raso J, Sala FJ, Condón S. 2000. Inactivation of Salmonella enteritidis, 758 

Salmonella Typhimurium, and Salmonella Senftenberg by ultrasonic waves under 759 

pressure. J Food Prot. 63:451-6. 760 

Marchesini G, Fasolato L, Novelli E, Balzan S, Contiero B, Montemurro F, Andrighetto I, 761 

Segato S. 2015. Ultrasonic inactivation of microorganisms: A compromise between lethal 762 

capacity and sensory quality of milk. Innov Food Sci Emerg Technol. 29:215-21. 763 

Mason TJ, Paniwnyk L, Chemat F. 2003. Ultrasound as a preservation technology. In: Food 764 

preservation techniques. Elsevier. pp 303-337. 765 

Mason TJ, Paniwnyk L, Chemat F, Vian MA. 2011. Ultrasonic food processing. In: Alternatives 766 

to conventional food processing. pp 387-414. 767 

McCracken RJ, Spence DE, Glenn Kennedy D. 2000. Comparison of extraction techniques for 768 

the recovery of veterinary drug residues from animal tissues. Food Addit Contam. 17:907-769 

14. 770 

Miles CA, Morley MJ, Rendell M. 1999. High power ultrasonic thawing of frozen foods. J 771 

Food Eng. 39:151-9. 772 



 

34 

 

Morbiato G, Zambon A, Toffoletto M, Poloniato G, Dall’Acqua S, de Bernard M, Spilimbergo 773 

S. 2019. Supercritical carbon dioxide combined with high power ultrasound as innovate 774 

drying process for chicken breast. J Supercrit Fluids.147:24-32. 775 

Moreira SA, Alexandre EM, Pintado M, Saraiva JA. 2019. Effect of emergent non-thermal 776 

extraction technologies on bioactive individual compounds profile from different plant 777 

materials. Food Res Int. 115:177-90. 778 

Morild RK, Christiansen P, Sørensen AH, Nonboe U, Aabo S. 2011. Inactivation of pathogens 779 

on pork by steam-ultrasound treatment. J Food Prot. 74:769-75. 780 

Musavian HS, Krebs NH, Nonboe U, Corry JE, Purnell G. 2014. Combined steam and 781 

ultrasound treatment of broilers at slaughter: A promising intervention to significantly 782 

reduce numbers of naturally occurring campylobacters on carcasses. Int J Food Microbiol. 783 

176:23-8. 784 

Mustapha AT, Wahia H, Ji Q, Fakayode OA, Zhang L, Zhou C. 2024. Multiple-frequency 785 

ultrasound for the inactivation of microorganisms on food: A review. J Food Process Eng. 786 

47:1-20. 787 

Nagy D, Baranyai L, Nguyen LLP, Taczman Brückner A, Zsom T, Németh C, Felföldi J, Zsom-788 

Muha V. 2022. Combined effect of ultrasound and low-heat treatments on E. coli in liquid 789 

egg products and analysis of the inducted structural alterations by NIR spectroscopy. 790 

Sensors. 22:9941. 791 

Nowacka M, Wedzik M. 2016. Effect of ultrasound treatment on microstructure, colour and 792 

carotenoid content in fresh and dried carrot tissue. Appl Acoust. 103:163-71. 793 

OECD-FAO Agricultural Outlook 2021-2030. 2021. Available from: 794 

https://openknowledge.fao.org/server/api/core/bitstreams/313b0161-6176-4a76-b505-795 

6f6d3836b9c7/content. Accessed at Oct 01, 2024. 796 

https://openknowledge.fao.org/server/api/core/bitstreams/313b0161-6176-4a76-b505-6f6d3836b9c7/content
https://openknowledge.fao.org/server/api/core/bitstreams/313b0161-6176-4a76-b505-6f6d3836b9c7/content


 

35 

 

Ojha KS, Aznar R, O'Donnell C, Tiwari BK. 2020. Ultrasound technology for the extraction of 797 

biologically active molecules from plant, animal and marine sources. TrAC Trends Anal 798 

BealesChem. 122:115663. 799 

Onyeaka H, Miri T, Hart A, Anumudu C, Nwabor OF. 2023. Application of ultrasound 800 

technology in food processing with emphasis on bacterial spores. Food Rev Int. 39:3663-801 

75. 802 

O’Sullivan J, Beevers J, Park M, Greenwood R, Norton I. 2015. Comparative assessment of the 803 

effect of ultrasound treatment on protein functionality pre-and post-emulsification. 804 

Colloids Surf A Physicochem Eng Asp. 484:89-98. 805 

O'Sullivan J, Murray B, Flynn C, Norton I. 2016. The effect of ultrasound treatment on the 806 

structural, physical and emulsifying properties of animal and vegetable proteins. Food 807 

Hydrocoll. 53:141-54. 808 

Perdih TS, Zupanc M, Dular M. 2019. Revision of the mechanisms behind oil-water (O/W) 809 

emulsion preparation by ultrasound and cavitation. Ultrason Sonochem. 51:298-304. 810 

Pinton MB, Correa LP, Facchi MMX, Heck RT, Leães YSV, Cichoski AJ, Lorenzo JM, dos 811 

Santos M, Pollonio MAR, Campagnol PCB. 2019. Ultrasound: A new approach to reduce 812 

phosphate content of meat emulsions. Meat Sci. 152:88-95. 813 

Piñon MI, Alarcon-Rojo AD, Renteria AL, Carrillo-Lopez LM. 2020. Microbiological 814 

properties of poultry breast meat treated with high-intensity ultrasound. Ultrasonics. 815 

102:105680. 816 

Piyasena P, Mohareb E, McKellar RC. 2003. Inactivation of microbes using ultrasound: a 817 

review. Int J Food Microbiol. 87:207-16. 818 



 

36 

 

Qiu L, Zhang M, Chitrakar B, Bhandari B. 2020. Application of power ultrasound in freezing 819 

and thawing Processes: Effect on process efficiency and product quality. Ultrason 820 

Sonochem. 68:105230. 821 

Ragab ES, Lu J, Pang XY, Nassar KS, Yang BY, Zhang SW, Lv JP. 2019. Effect of 822 

thermosonication process on physicochemical properties and microbial load of goat’s 823 

milk. J Food Sci Technol. 56:5309-16. 824 

Režek Jambrak A. 2012. Application of high power ultrasound and microwave in food 825 

processing: extraction. J Food Process Technol. 2012:3-12. 826 

Rodsamran P, Sothornvit R. 2019. Extraction of phenolic compounds from lime peel waste 827 

using ultrasonic-assisted and microwave-assisted extractions. Food Biosci. 28:66-73. 828 

Rosario DK, Rodrigues BL, Bernardes PC, Conte-Junior CA. 2021. Principles and applications 829 

of non-thermal technologies and alternative chemical compounds in meat and fish. Crit 830 

Rev Food Sci Nutr. 61:1163-83. 831 

Sams AR, Feria R. 1991. Microbial effects of ultrasonication of broiler drumstick skin. J Food 832 

Sci. 56:247-8. 833 

Schmidt MM, Vidal AR, Mello RO, Mazutti MA, Cansian RL, Dornelles RC, Demiate IM, 834 

Kubota EH. 2021. Ultrasound as an alternative method to increase the extraction yield 835 

from chicken mechanically separated meat residue collagen. J Food Sci Technol. 836 

58:2487-96. 837 

Seo MK, Jeong HL, Han SH, Kang I, Ha SD. 2019. Impact of ethanol and ultrasound treatment 838 

on mesophilic aerobic bacteria, coliforms, and Salmonella Typhimurium on chicken skin. 839 

Poult Sci. 98:6954-63. 840 

Shanmugam A, Ashokkumar M. 2014. Ultrasonic preparation of stable flax seed oil emulsions 841 

in dairy systems–physicochemical characterization. Food Hydrocoll. 39:151-62. 842 



 

37 

 

Silva M, Chandrapala J. 2023. Ultrasonic emulsification of milk proteins stabilized primary and 843 

double emulsions: a review. Food Rev Int. 39:1462-1484. 844 

Stadelman WJ, Singh RK, Muriana PM, Hou H. 1996. Pasteurization of eggs in the shell. Poult 845 

Sci. 75:1122-5. 846 

Stinco CM, Fernández-Vázquez R, Heredia FJ, Meléndez-Martínez AJ, Vicario IM. 2013. 847 

Bioaccessibility, antioxidant activity and colour of carotenoids in ultrafrozen orange 848 

juices: Influence of thawing conditions. LWT Food Sci Technol. 53:458-63. 849 

Sun H, Zhao Y, Zhao J, Sun J. 2023. Ultrasound thawing for improving the eating quality and 850 

off-flavor of frozen duck meat and its possible mechanisms. LWT. 187:115314. 851 

Sun T, Xu Z, Godber JS. 2006. Ultrasound assisted extraction in quantifying lutein from 852 

chicken liver using high-performance liquid chromatography. J Chromatogr B. 830:158-853 

60. 854 

Taha A, Ahmed E, Ismaiel A, Ashokkumar M, Xu X, Pan S, Hu, H. 2020. Ultrasonic 855 

emulsification: An overview on the preparation of different emulsifiers-stabilized 856 

emulsions. Trends Food Sci Technol. 105:-377. 857 

Tang SY, Shridharan P, Sivakumar M. 2013. Impact of process parameters in the generation of 858 

novel aspirin nanoemulsions–comparative studies between ultrasound cavitation and 859 

microfluidizer. Ultrason Sonochem. 20:485-97. 860 

Techathuvanan C, D'Souza DH. 2018. High intensity ultrasound for Salmonella Enteritidis 861 

inactivation in culture and liquid whole eggs. J Food Sci. 83:1733-9. 862 

Turantaş F, Kılıç GB, Kılıç B. 2015. Ultrasound in the meat industry: General applications and 863 

decontamination efficiency. Int J Food Microbiol. 198:59-69. 864 



 

38 

 

Valdramidis VP, Koutsoumanis KP. 2016. Challenges and perspectives of advanced 865 

technologies in processing, distribution and storage for improving food safety. Curr Opin 866 

Food Sci. 12:63-9. 867 

Van Impe J, Smet C, Tiwari B, Greiner R, Ojha S, Stulić V, Vukušić T, Jambrak AR. 2018.  868 

State of the art of nonthermal and thermal processing for inactivation of microorganisms. 869 

J Appl Microbiol. 125:16-35. 870 

Vetchapitak T, Shinki T, Sasaki S, Taniguchi T, Luangtongkum T, Misawa N. 2020. Evaluation 871 

of chemical treatment combined with vacuum and ultrasonication with a water resonance 872 

system for reducing Campylobacter on naturally contaminated chicken carcasses. Food 873 

Control. 112:107087. 874 

Vijayakumar S, Grewell D, Annandarajah C, Benner L, Clark S. 2015. Quality characteristics 875 

and plasmin activity of thermosonicated skim milk and cream. J Dairy Sci. 98:6678-91. 876 

Wang B, Du X, Kong B, Liu Q, Li F, Pan N, Xia X, Zhang D. 2020. Effect of ultrasound 877 

thawing, vacuum thawing, and microwave thawing on gelling properties of protein from 878 

porcine longissimus dorsi. Ultrason Sonochem. 64:104860. 879 

Wang X, Dong Y, Wu R, Liu D, Hu F, Wang C, Wu D. 2021. A method to improve water-880 

holding capacity of beef during freezing-thawing process using ultrasound treatment. J 881 

Food Process Preserv. 45:1-7. 882 

Wilkin M, Winter AR. 1947. Pasteurization of egg yolk and white. Poult Sci. 26:136-42. 883 

World Health Organization. Estimating the burden of foodborne diseases. Available from: 884 

https://www.who.int/activities/estimating-the-burden-of-foodborne-diseases. Accessed 885 

at Oct 01, 2024. 886 

Wrigley DM, Llorca NG. 1992. Decrease of Salmonella typhimurium in skim milk and egg by 887 

heat and ultrasonic wave treatment. J Food Prot. 55:678-80. 888 

https://www.who.int/activities/estimating-the-burden-of-foodborne-diseases


 

39 

 

Wu XF, Zhang M, Adhikari B, Sun J. 2017. Recent developments in novel freezing and thawing 889 

technologies applied to foods. Crit Rev Food Sci Nutr. 57:3620-31. 890 

Xu C, Zang M, Qiao X, Wang S, Zhao B, Shi Y, Bai J, Wu J. 2022. Effects of ultrasound-891 

assisted thawing on lamb meat quality and oxidative stability during refrigerated storage 892 

using non-targeted metabolomics. Ultrason Sonochem. 90:106211. 893 

Yang RF, Geng LL, Lu HQ, Fan XD. 2017. Ultrasound-synergized electrostatic field extraction 894 

of total flavonoids from Hemerocallis citrina baroni. Ultrason Sonochem. 34:571-9. 895 

Yildirim I, Aygun A, Sert D. 2015. Effects of preincubation application of low and high 896 

frequency ultrasound on eggshell microbial activity, hatchability, supply organ weights at 897 

hatch, and chick performance in Japanese quail (Coturnix coturnix japonica) hatching 898 

eggs. Poult Sci. 94:1678-84. 899 

Yuan S, Li C, Zhang Y, Yu H, Xie Y, Guo Y, Yao W. 2021. Ultrasound as an emerging 900 

technology for the elimination of chemical contaminants in food: A review. Trends Food 901 

Sci Technol. 109:374-385. 902 

Yue X, Xu Z, Prinyawiwatkul W, King JM. 2006. Improving extraction of lutein from egg yolk 903 

using an ultrasound-assisted solvent method. J Food Sci. 71:239-241. 904 

Zayas J. 1985. Effect of ultrasound treatment on the extraction of insulin. Biotechnol Bioeng. 905 

27:1223-8. 906 

Zayas JF. 1986. Effect of ultrasonic treatment on the extraction of chymosin. J Dairy Sci. 907 

69:1767-75. 908 

Zhang C, Sun Q, Chen Q, Liu Q, Kong B. 2021. Effectiveness of ultrasound-assisted immersion 909 

thawing on the thawing rate and physicochemical properties of chicken breast muscle. J 910 

Food Sci. 86:1692-703. 911 



 

40 

 

Zhang L, Zha M, Li S, Zong W. 2022. Investigation on the effect of thermal sterilization versus 912 

non-thermal sterilization on the quality parameters of jujube juice fermented by 913 

Lactobacillus plantarum. J Food Sci Technol. 59:3765-74. 914 

Zhou L, Zhang J, Yin Y, Zhang W, Yang Y. 2021. Effects of ultrasound-assisted emulsification 915 

on the emulsifying and rheological properties of myofibrillar protein stabilized pork fat 916 

emulsions. Foods. 10:1201. 917 



 

41 

 

 918 

Table 1. Effect of Ultrasound to inactivate microorganism in animal-based food  919 

Food product 
Treatment 

type 
Ultrasound specification Process conditions 

Affected 

microorganisms 
Microorganisms’ inactivation References 

Meat 

Chicken breasts Ultrasound 
 Frequency: 40 kHz 

 Intensity: 9.6 W/cm² 

 Ultrasound applied 

time: 0, 30, and 50 min 

 Storage: aerobic and 

anaerobic / 48 h at 4°C 

 Psychrophilic bacteria 

 Staphylococcus aureus 

 S. aureus significant reduction 

after 50 min ultrasound 

treatment 

 Psychrophilic bacteria 

significant reduction under 

anaerobic packaging 

Piñon et al. 

(2020) 

Chicken skin 

Ultrasound and 

ethanol 

treatment 

combination 

 Frequency: 37 kHz 

 Power: 380 W 

 Ultrasound applied for 

5 min 

 Ethanol (30%, 50%, 

70%) 

 Mesophilic aerobic 

bacteria (MAB) 

 Coliforms 

 Salmonella typhimurium 

 In combination of 30% ethanol 

with ultrasound reduced 

Salmonella typhimurium by 

>1.0 log CFU/g 

 Ethanol (30% or 50%) with 

ultrasound significantly 

reduced MAB 1.38–2.60 log 

CFU/g and for coliforms 1.04 

to 1.80 log CFU/g 

Seo et al. 

(2019) 

Dry-cured ham 

Supercritical 

carbon dioxide 

(SC-CO₂), 

saline (SS), 

and high-

power 

ultrasound 

(HPU) 

combination 

 Frequency: 30 kHz 

 Power: 40 ±5 W 

 Pressure: 150–350 bar 

 Temperatures: 41–51°C 

 Time: 5–15 min 

Escherichia coli 

 For maximum inactivation 

optimal conditions are; 

 

 (SC-CO₂ + HPU + SS): 

48.4°C, 12.2 min and 243.3 

bar => 3.88 log reduction 

 (SC-CO₂ + HPU): 

51°C, 5 min and 350 bar => 

3.88 log reduction 

Castillo-

Zamudio et al. 

(2021) 
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Bovine loins Ultrasound 

 Frequency: 37 kHz 

 Intensities: 16,28,90 W/ 

cm2 

 Ultrasonic baths models: 

S15H, S40H, and S60H 

 Sonication time:20 and 

40 min 

 Storage time: 0 and 7 

days at 4°C 

 Mesophilic bacteria 

 Psychrophilic bacteria 

 Coliform bacteria 

 Ultrasound at 90 W/cm² 

effective in controlling 

Mesophilic and Psychrophilic 

bacteria during storage at 4°C 

 At a sonication time of 40 min, 

Coliform was reduced by 

ultrasound regardless of 

intensity 

Carrillo-Lopez 

et al. (2019) 

Pork jowl 
Steam-

ultrasound 
Frequency: 30-40 kHz 

 Steam at 130°C and 

3.5–5 atm pressure 

 Time: 0, 1.0, 2.0, 3.0, 

or 4.0 sec 

 Yersinia enterocolitica 

 Salmonella 

Typhimurium 

 Escherichia coli 

 0.5 s treatment had higher 

reductions of 0.9 - 1.5 log 

CFU/cm² for Escherichia coli 

compared to 0.4 - 1.1 log 

CFU/cm² for Salmonella 

Typhimurium and Yersinia 

enterocolitica 

Morild et al. 

(2011) 

Pork 
Ultrasound 

combination 

 Frequency: 25 kHz and 
power 300 W and 1 

MHz with power 150 W 

 Time: 10 min 

 Temperature: 12°C 

 Campylobacter jejuni 

 Brochothrix 

thermosphacta. 

 Listeria monocytogenes 

 Ultrasound combined with red 

wine showed higher bacterial 

reductions compared with 

ultrasound or red wine alone. 

 Campylobacter jejuni, Listeria 

monocytogenes, Brochothrix 

thermosphacta had significant 

reduction of more than 1 log 

Birk et al. 

(2009) 

Beef slurry 
Thermo-

sonication 

 Frequency: 24 kHz 

 Intensity: 0.33 W/g 

 Amplitude: 100% 

 

 Temperature: 75°C 

 Time: 60 min 

Clostridium perfringens 

NZRM 898 and NZRM 

2621 spores 

 

(NZRM 898 and NZRM 

2621 refer to specific 

strains of Clostridium 

perfringens spores) 

 At 75°C; thermo-sonication 

with 24 kHz ultrasound at 0.33 

W/g achieved less than 1.5 log 

reductions for both Clostridium 

perfringens NZRM 898 and 

NZRM 2621 spores after 60 

min 

Evelyn and 

Silva (2015) 

 

Eggs        
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Liquid whole 

egg 

Ultrasound, 

Lysozyme, and 

heat 

combination 

 Power: 950 W 

 Power levels of 50% 

(605 W/cm²) and 80% 

(968 W/cm²) 

 

 Ultrasound and 

Lysozyme (US+Lys) 

combination treatment 

 Temperature: 35°C, 

 Time: 20 min 

 Salmonella 

typhimurium 

 Best microbial 

inactivation by 

ultrasound and 

lysozyme (US+Lys) => 

4.26 log10 reduction 

Bi et al. 

(2020) 

Liquid whole 

eggs 

Hugh Intensity 

Ultrasound 

(HIU) 

 Frequency: 20 kHz 

 Amplitude: 80% 

 HIU treatment duration 

- 1, 5, 10, and 30 min 

(pulsed intervals - 30 s 

on/off) 

 Temperature - 20 °C 

 Salmonella Enteritidis 
 HIU 1-min => significant 

reduction of 1.9 log CFU/mL 

Techathuvanan 

et al. (2018) 

Liquid whole 

egg 

Hydraulic high 

pressure 

(HHP), 

Ultrasound 

(US), and 

Pulsed electric 

field (PEF) 

 Frequency: 20 kHz 

 Power 40W 

 (HHP + US) 

combination 

 US – 5 min/55 °C 

 HHP - 2-2-4 min 

(cyclic treatment) at 

138 MPa, 20°C 

 Salmonella Enteritidis 

 Combination of HHP and 

ultrasound => highest reduction 

of S. enteritidis (3.23 log 

cycles) 

Huang et al. 

(2006) 

Japanese quail 

eggshell 

Ultrasound 

 
 Frequency: 35 kHz and 

130 kHz 

 U35 (35 kHz): 30 min 

 U130 (130 kHz): 30 

min 

 Coliform 

 Salmonella 

 Staphylococcus 

 U130 initially reduced 

Coliform, Salmonella, and 

Staphylococcus counts on 

eggshells 

Yildirim et al. 

(2015) 

Milk       

Cow milk Ultrasound 

 Frequency: 20 kHz 

 Intensity: 118 W/cm² 

 Power: 150 W, 

 Amplitude: 100% 

 Batch Ultrasound 

Treatment: 

 Temperatures: 20 ± 

2°C and 57 ± 2°C 

 Time- 1, 3, 4, and 6 

min 

 Listeria 

monocytogenes 

 

 

 

 Continuous flow ultrasound 

treatment: 

 UHT Milk with L. 

monocytogenes => 5 log 

reduction 

 Raw milk total aerobic 

bacteria => 5 log reduction 

 

 

 

D'amico et al. 

(2006)   Continuous flow 

Ultrasound treatment: 

 Temperatures -20 ± 

2°C and 57 ± 2°C. 

 Time- 3, 9, 12, and 

18 min 
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Goat milk 
Thermo-

sonication 

 Frequency: 20 kHz 

 Power levels: 150 W, 

200 W, 300 W, 400 W 

 Temperature: 72 °C 

 Time: 10 min 
 Mesophilic aerobic 

bacteria 

 At 400 W, thermosonication 

significantly reduced the 

microbial count to less than 

2.3 log CFU/mL, compared 

with 5.94 log CFU/mL in raw 

goat milk and 4.76 log 

CFU/mL in pasteurized goat 

milk 

Ragab et al. 

(2019) 

Cow milk Ultrasound 

 Frequency: 24 kHz 

 Power levels: 400 W 

 Acoustic power: 160.4 

J/s 

 Amplitude: 70% and 

100% 

 Time: 50, 100, 200, and 

300 s 

 Escherichia coli 

 Staphylococcus aureus 

 Pseudomonas 

fluorescens 

 Debaryomyces 

hansenii 

 In the best treatment 100% 

amplitude for 300 s: 

 Debaryomyces hansenii => 

4.61 log reduction 

 Pseudomonas fluorescens 

=> 2.75 log reduction 

 Escherichia coli => 2.09 

log reduction 

 Staphylococcus aureus => 

0.55 log reduction 

Marchesini et 

al. (2015) 

Cow milk 
Thermo-ultra-

sonication 

 Frequency: 20 kHz 

 Power: 1500 W 

 Amplitude: 95% 

 Temperature: 45 °C 

 Time: 10 or 15 min 

 Storage: 1, 7, and 14 

days 

 Aerobic Mesophilic 

 Enterobacteria 

 Aerobic Mesophilic => within 

accepted range (except for 

homogenized, thermo-

ultrasound 10 min) 

 Homogenized milk, thermo-

ultrasound-15 min had the 

lowest Enterobacteriaceae 

count 

Hernández-

Falcón et al. 

(2018) 

Whole milk and 

skimmed milk 
Ultrasound 

 Frequency: 24 kHz 

 Intensity: 85 W/cm² 
 Temperature: 30-35°C 

 Escherichia coli 

 Listeria 

monocytogenes 

 

 Escherichia coli had 

significantly higher D values 

(Decimal reduction time) in: 

 Whole milk: 2.43 min 

 Skim milk: 2.41 min 

 Listeria monocytogenes also 

had significantly higher D 

values in: 

 Whole milk: 9.31 min 

Gera and 

Doores (2011) 
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 Skim milk: 8.61 min 

 Escherichia coli showed log-

linear inactivation followed by 

tailing, whereas Listeria 

monocytogenes exhibited 1st-

order inactivation throughout 

 Ultrasound waves caused 

mechanical damage to the 

bacterial cell wall and 

membrane, leading to their 

inactivation 

920 
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Table 2. Ultrasound application in thawing of animal-based food 921 

Animal-based 

food type 
Type of ultrasound Ultrasound specification Processing condition Highlights Reference 

Beef, pork, and 

cod 

High frequency-low 

power 

 Frequency: 500 kHz 

 Intensity: 0.5 W/cm² 
 Time: 2.5 h 

 Surface heating   

 Samples were thawed to a depth of 7.6 cm 

Miles et al. 

(1999) 

Chicken 
Low frequency- high 

power 

 Frequency: 30 kHz 

 Power: 200, 300, 400, 500 

W 

 Intensity: 0.62-2.09 W/cm² 

 Water Tº: 20±1 ºC 

 Thawing time , cutting force  

 Thawing loss , cooking loss  (especially 

300 W) 

 Damage to myofibrillar protein  (especially 

at 300 W) 

Zhang et al. 

(2021) 

Pork 
Low frequency- high 

power 

 Frequency: 30 kHz 

 Intensity: 0.2, 0.4, 0.6 

W/cm² 

 Water Tº: 15 ºC 

 Thawing time  (87 %; 0.6 W/cm²), thawing 

rate  (up to 1 ºC/min) 

 Textural properties were not impaired 

Gambuteanu et 

al. (2015) 

White yak meat 
Low frequency- high 

power 

 Frequency: 20 kHz 

 Power: 200, 400, 600 W 
 Not reported 

 Tawing time  (by 0.95 - 64.28%) 

 Thawing loss , cooking loss , CIE L* and 

CIE b* values , and pH  

 CIE a* value , cutting force  at the lower 

400 W power 

 Free amino acid , mineral , and vitamin  

(especially water-soluble vitamins) 

 Volatile compounds  especially by 400 W 

power 

 Thawing efficiency , unwanted changes  

by thawing white yak meat using ultrasound 

Guo et al. 

(2021) 

Lamb meat 
Low frequency- high 

power 

 Frequency: 40 kHz 

 Power: 300 W 
 Water Tº: 10 ºC 

 WHC , color, sulfhydryl content , drip 

loss , cooking loss   
Xu et al. (2022) 

Beef 
Low frequency-high 

power 

 Frequency: 45kHz 

 Power: 160-400 W (160, 

240, 320, 400 W) 

 Time:30min 

 Water Tº: 4 ± 1 ºC 
 WHC , springiness , hardness , pH  

Wang et al. 

(2020) 
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Table 3. Ultrasound application in the extraction of components from animal-based food 923 

Animal-based food 

type 

Extracted 

compound 

Type of 

ultrasound 

Ultrasound 

specification 
Processing condition Highlights Reference 

Pork liver Ferrochelatase 

Low 

frequency- 

high power 

 Frequency: 24 kHz 

 Power: 400 W 

 Time: 1, 2.5, and 

5min 

 Extraction Tº: 4±2 ºC 

 Extraction rate  

 Enzymatic activity (33.3% 

increment in 1 min), zinc-

protoporphyrin formation  

Abril et al. 

(2021) 

Mechanically 

separated chicken 

meat 

Meatresidue 

collagen 

Low 

frequency- 

high power 

 Frequency: 24 kHz 

 Power: 400 W 

 Time: 0, 15, and 30 

min 

 Extraction Tº: 4 ºC 

 Collagen yield (by 40%) 

 Collagen integrity was not disturbed 

 Thermal stability of collagen  

Schmidt et 

al. (2021) 

Chicken blood 
Erythrocyte 

haemoglobin 

Low 

frequency- 

high power 

 Frequency: 20 kHz 

 Power: 600 W 
 Extraction Tº: 20 ºC 

 Highly effective for lysing blood to 

extract hemoglobin 

Garcia et al. 

(2015) 
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Table 4. Ultrasound application in the emulsification of animal-based food components 925 

Animal-based 

emulsifier  
Oil phase 

Type of 

ultrasound 

Ultrasound 

specification 
Processing condition Highlights Reference 

Milk protein 

isolates 

10% (w/w) 

rapeseed oil 

Low 

frequency- 

high power 

 Frequency: 20 kHz 

 Intensity: 34 W/cm² 

 Time: 1-8 min 

 Solution Tº: 45 ºC 

 Emulsifying performance , emulsion 

stability  

 Size of the protein aggregates  

 Disruption of the molecules into the 

nano-scale  

O'sullivan et 

al. (2015) 

Bovine gelatin, 

fish gelatin, and 

egg white protein 

10% (w/w) 

rapeseed oil 

Low 

frequency- 

high power 

 Frequency: 20 kHz 

 Intensity: 34 W/cm² 

 Time: 2 min 

 Solution Tº: 45 ºC 

 Emulsifying performance  

 Size of the protein molecules , 

aggregate size , hydrodynamic volume 

 

O'sullivan et 

al. (2016) 

Pork (77.5%) 
15% pork back 

fat 

Low 

frequency- 

high power 

 Frequency: 25 kHz 

 Intensity: 34 W/cm² 

 Power: 154 W 

 Amplitude: 60% 

 Time: 5.5 min 

 Solution Tº: 10 ºC 

 Emulsifying performance  (88.7%), 

emulsion stability  

 Tº of meat emulsion  

 Distribution of cavitation in 

the emulsion , cohesiveness 

, hardness , and chewiness 

 

 Lipid and protein oxidation 

were not impaired 

Cichoski et 

al. (2019) 

Pork myofibrillar 

protein (30g/L) 

Pork fat (2, 3, 6, 

30, 150, 300, 

and 450 mL/L) 

Low 

frequency- 

high power 

 Frequency: 20 kHz 

 Intensity: 12.38 

W/cm² 

 Power: 240 W 

 Time: 6 min 

 Solution Tº: <20 ºC 

 Emulsifying activity , 

emulsion stability , flow 

index  

 Viscosity coefficient , Fat 

droplets’ particle size  

 Bindings between protein 

hydrophobic groups and fat 

Zhou et al. 

(2021) 
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particles , protein solubility 

 

 926 

 927 

 928 


