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INTRODUCTION 

 

The normal human audible range is 20 to 20000 Hz and above (>20 kHz) 
acoustic (sound) waves define as ultrasound waves. Acoustic cavitation (AC) is 

the reaction between the liquid medium, ultrasonic waves, and dissolved gas 

molecules when an ultrasound is passed through the liquid. Due to a fluctuating 
pressure, under the effect of acoustic field, the nuclei of the dissolved gas 

molecules oscillate. The dispersion of solvent vapor and soluble gas molecules at 

outside of oscillating bubbles takes place during these oscillations. The diffusion 
of gas/vapor into bubbles at expansion phase is higher than that of compression 

phase of the bubble oscillations which is known as the “rectified diffusion” 

process. The bubbles grow in size and approach a resonance size range. In a 
period of one acoustic cycle, the bubbles which have attained the resonance size, 

build up to a maximum size and collapse vigorously and induce a tremendously 

high temperature. Theoretically, the predicted evaluation gives a value of 
100,000 K, but the experimentally determined temperature ranges from 2000 – 

10,000 K. apart from the chemical reactions, physical forces such as turbulence, 

shock waves, shear forces, and micro-jets also originate from acoustic cavitation 
(Chandrapala et al., 2012).  

Ultrasound being non-toxic and ecofriendly is an emerging technology which is 

considered as green technology as it consumes less energy (Majid et al., 2015). 
The medium through which the ultrasound travels is also very important as it 

helps to determine the properties of the ultrasound. The intense physical forces 

that are used for a number of applications such as tenderization of meat products, 
filtration, and food emulsions of food ingredients are generated from acoustic 

streaming, cavitation, shear, micro-jet and shock waves in liquid media (Zou et 

al., 2018). The physical and chemical repercussions of acoustic cavitation also 
affect the functional properties of starch, protein and other food components 

(Zou et al., 2018). Even though the applications of ultrasound in food processing 

have a wide range, it is used in a constrained manner.  

 

ULTRASONICATION EFFECT ON HYDRATION PROPERTIES 

 

In the food industry many operations such as cooking, tempering, wet milling, 

malting, extraction, and fermentation based on hydration. Hydration of 

agricultural products is very necessary for enrichment but as it is in complex 
system consume time. So, overcome this issue can be solved by using various 

technologies and methodologies like microwave, irradiation technology, 

ultrasound, hydrostatic pressure, cyclical pressure, and high temperature which 
enhance hydration process. But ultrasound is reported as efficient tool to boost 

hydration process (Miano & Augusto, 2018). They also studied the effect of 

ultrasound treatment i.e  US1 (25 kHz, 360 W), and US2 (40 kHz, 480 W) within 
range of temperature (30 to 70 ºC)on hydration of wheat where reduction in 

enthalpy change, activation energy, and the Gibbs free energy with increased in 

entropy. Activation energy is defined as the minimum energy threshold that the 
reacting species should acquire so that the chemical reaction can take place. The 

decrease in activation energy which enhances hydration rate as ultrasound 

treatment increases due to decreasing of diffusion resistance in hydration process 
(Shafaei et al., 2018). These helps to understand the mass and heat transfer 

associetd with ultrasonication hydration process of wheat kernel(Shafaei et al., 

2018). 
Enthalpy represents the total energy content of a system.  It is a state function and 

is calculated as the sum of the internal energy of a system and the product of the 

pressure and volume.  In a chemical reaction, at constant pressure, heat transfer is 
equal to the enthalpy change. The decrease in enthalpy where energy absorbs by 

wheat kernel results in enhancement of hydration rate in which contribution of 

ultrasound treatment results in the formation of the activated complex (Miano et 

al., 2018; Shafaei et al.  2018). 

Gibbs free energy is a thermodynamic state function and is defined as a measure 

of the potential of reversible or maximal work that is done by a system at 
constant temperature and pressure. It is calculated as the enthalpy minus the 

product of entropy and absolute temperature. As Gibbs free energy changes 
which result in the enhancement of hydration rate which is base on the decrease 

in the enthalpy (Shafaei et al.  2018). 

Entropy is often described as the degree of disorder or randomness. Entropy 
primarily illustrates the energy dissipation in a process.  Increase in entropy 

which indicates an increase in hydration rate as ultrasound treatment causes 

chaotic and turbulence movement of molecules, the organization of the molecules 
during the activated complex formation (Miano et al., 2018; Shafaei et al.  

2018). 

 

EFFECT OF ULTRASOUND ASSISTED COOKING ON CHEMICAL 

PROPERTIES OF FOOD 

 
The consumer preference for buying meat products are inclined towards the meat 

characteristics and tenderness of the meat along with the taste and flavor. Spiced 

beef products are very rich in taste and flavor and are very popular in China. The 

cooking method of spiced beef affects the formation of flavor compounds in the 

product, which in turn affects the chemical and nutritional properties (Zou et al. 

2018). Zou et al. (2018) investigated the effect of ultasonication power on 
ultrasound-assisted cooking on chemical properties of spiced beef treating with 

different power of ultrasound 0 - 1000 W  (with frequency of 20 kHz) for 120 

min which shows significant increased in free amino acids (FAAs), increased in 
sodium chloride, sugar, volatile flavor substance like aldehydes and ketoes.  

The sodium chloride content in the beef sample is increased in the ultrasound 

treatment with increase in the power due to increase the permeability of muscle 

In the food industry, ultrasound is a recent and potentially favorable technology. A number of physical and chemical changes are 
generated in the food by the transmission and distribution of ultrasound waves which enhance the productivity of many food processing 

operations. This technology is also used as a diagnostic tool in quality control of food products. Ultrasound processing falls under the 

category of green technology due to ecofriendly and non toxic behavior.The present review summarizes the role of this ultrasound 
technology along with its aids to the industry for example; improvements in cooking quality, enhancements of physicochemical 

properties, microbial inactivation, and also pretreatment to reduce acrylamide and to recover the valuable biomaterial from the food 

waste. 
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tissue (Lealramos et al., 2011), diffusivity of NaCl and moisture enhancement 
(Ozuna et al., 2013). Its jointly effect such as cavitation and mechanical effect 

which could boost the penetration efficiency of brine soup foremost to improved 

saline taste (Zou et al., 2018). 
The cavitation, thermal, and mechanical, effects of ultrasound are responsible for 

increasing the sugar content in the beef treated with ultrasounds (Zou et al., 

2018), due to the destruction of myofibril structure which is responsible for 
increasing the space between the myofibrils (Kang et al., 2016). 

The essential amino acid content and the ratio of essential amino acid/non-

essential (E/NE) was increase during the ultrasonication treatment (Zou et al., 

2018). The effect of ultrasound treatment diminishes total amino acid content, 

especially Asp and Glu (Zou et al., 2018). During the brining process of beef, 
ultrasound causes cavitation in liquid foods which encourage the water molecules 

to crack to free radicals which enhance protein degradation (Kang et al., 2016; 

Kang et al., 2017). 
When lipid oxidation took place, there was a rise in the TBARS value, but no 

particular deviation was observed with the use of different ultrasonic power 

groups.  The relative content of volatile flavor components, particularly 
aldehydes, alcohols, and ketones showed a significant increase (P<0.05) when 

exposed to ultrasonic treatment but there was no change with the use of different 

power groups (P>0.05). It was concluded that ultrasonic treatment had a positive 
effect on the chemical profiles of spiced beef when a power of 800W was applied 

(Zou et al., 2018). 

The Chinese rice is used in the production of wine in food industry, during the 
processing water absorption velocity is most important factor considered which 

describe the characteristics of cooking and processing. Soaking of rice is first 

step before production of wine in which circulation of water uniformly that leads 
to improvement of textural characteristics of cooked rice. This process also 

assistances to expand the utilization of microorganism during brewing, but 

disadvantage of these process is that it is time-consuming, so the technology is 
required to improve the hydration properties which enhance the wine production 

from rice. Li et al. (2019) were observed the significant improvement in the 

physicochemical properties and hydration in Chinese brewing rice treated with 
high ultrasonic power. The ultrasonication rice helps to reduce the hardness of 

rice, time for cooking, enhance water binding capacity, and gelatinization degree 

(Li et al., 2019). The ultrasonication treatment during the soaking increases the 
contact area between the water and rice which accelerates the penetration of 

water into the rice due to rise in the micropores on the surface of rice (Li et al., 

2019) which further confirm by scanning electron microscope which showed that 
soaking led to lose the internal structure of rice. Miano et al. (2016) also reported 

that ultrasonic treatment enhances the porosity in grains due to the formation of 

micro-channels inside the grains. Hence, ultrasonication assisted soaking 
facilitates characterizes of brewing rice with reducing time of fermentation, 

soaking and boiling. 

 

ROLE OF ULTRASOUND AS PRESERVATION IN FOOD TO 

INACTIVATE PATHOGENS 

 
Recently, the application of high-intensity ultrasound as a sterilization technique 

widely used to decontaminate microorganism which ensures the safety of food 

product and also alternative for utilization of chemical additives in food 
preservation (Sarkinas et al., 2018). Sarkinas et al., (2018) investigate the effect 

of high power 600 W and 300W for 10 to 30 min at 28kHz on phytoviruses and 

vegetative cells of both gram-positive and gram-negative bacterial cells which 

results to 1.59 to 3.4 log reduction in bacterial suspensions. 

The healthy as well as damaged tissues of highly perishable products act as an 

outstanding substrate and favor the growth of spoilage as well as pathogenic 
phytoviruses. These phytoviruses cause several diseases to human society. Over a 

period of several years, synthetic chemicals are being used to increase the 

microbiological safety of harvested commodities. It is a known fact that these 
chemicals are misused on agricultural products which might jeopardize the health 

of the people consuming the goods. The food industry is now looking forward to 

other non-chemical methods such as ultraviolet light, heat treatment, and some 
biological control methods and ultrasound as alternatives to chemicals because 

some of the pathogens are growing resistant to the chemicals (Ma et al., 2017, 

Usall et al., 2016).  

During the study, it was found that gram-positive bacteria such as B. cereus and 

L. monocytogenes  are more vulnerable to ultrasonic treatment than gram-
negative bacteria such as E. coli and  S. Typhimurium. it was also found that 

using 600W ultrasonic power was more effective than 300W. Unfortunately, 

ultrasonic treatment cannot be used alone as it does not produce the necessary 
lethal effect. The ultrasonic treatment has to be combined with other methods 

such as thermal to get the desired result. The set up utilized for the inactivation of 

bacterial cells are shown in fig 1(Sarkinas et al., 2018). 

 
Figure 1 Ultrasonication setup 

 

POSTHARVEST DISINFECTION 

 
In the past few years, consumers, health organizations, as well as government 

agencies, are stressing more and more on consuming fresh fruits and vegetables 

(FFVs) for a healthy diet. This creates the need for the increase in the quality and 
safety of FFVs. Washing with water and other chemical solutions is primarily 

being used for disinfection in harvesting, post-harvest handling, processing and 

transportation; i.e., the production line.  Chlorinated solutions have many benefits 
such as stability, low cost, water solubility, and simple handling over a long 

period of storage time. But chlorine is known to form potentially mutagenic and 
carcinogenic by-products and this puts a limitation on its use. Use of chlorine 

solution on fresh goods is banned in some of the European countries because it 

has been found that some of the microorganisms can tolerate chlorine treatment 
(Montalvo-González et al. 2018). Finding a water-based disinfection method to 

use on FFVs is still a persisting problem because some of the bacteria tend to 

adhere or are entrapped to the surface of the FFVs and difficult to treat with most 
of the sanitizers (Montalvo-González et al. 2018).  

The use of ultrasound to clean surfaces has been proved to be successful in the 

electronics industry.  So, it was thought to give a try to use ultrasound as an 
alternative for chlorinated solutions for FFVs. Seymour et al. (2002) were the 

first one to investigate the effect of ultrasound on post-harvest disinfection, and 

since then, several attempts have been made to study the effect of ultrasound 

combined with chemical solutions on FFVs. Chlorinated solutions could be 

completely replaced with ultrasound because of the side effects of using 

chlorinated solutions. Organic sanitizers such as lactic acid, citric acid, malic 
acid, peracetic acid, and some others have been known to reduce the microbial 

populations to a significant value when used in combination with ultrasound 

(Montalvo-González et al., 2018).  

 

ULTRASOUND-ASSISTED PRETREATMENT 

 

Pretreatment to reduce food waste 

 

Recently the application of ultrasound treatment is noted in the reduction of food 
waste in which valuable product like glucose is recovered from the ultrasonicated 

treated food waste (Li et al., 2018). Improvement in the yield of glucose is due to 

reduction of size in waste, and also the hydrolysis time is decreased by the 
ultrasound pretreatment (Li et al., 2018). 

Pretreatment to reduce the formation of acrylamide in fried product 

Acrylamide is listed as a carcinogenic compound by International Agency of 
Research on Cancer (IARC, 1994) which form during the frying where 

temperature is above 120℃. Basically, this is a non-enzymatic reaction between 

asparagine amino acid and reducing sugars (Friedman, 2003). Antunes-Rohling 

et al. (2018) used ultrasound water bath for pre-treatment for soaking of potato 

which results in 90% acrylamide reduction which is due to the decrease in 

reducing sugars. 
 

Utilization of ultrasound as peeler treatment 

 
The shell of the shrimp (Pandalus borealis) looses with the power of ultrasound 

i.e. frequency of 24 with addition of proteolytic enzyme and these pretreatment 

emerge as peeler. During this process cavitation bubbles pitted the shrimp shell 
which is responsible for creating pathways to diffuse enzyme into muscle-shell 

(Dang et al. (2018). 

 

ULTRASOUND ASSISTED EXTRACTION 

 

Ultrasonic extraction is one of the widely used extraction technique due to its low 
processing cost, ease handling and good efficient (Jing, 2008). Huang et al. 

(2009) studied extraction flavonoids from the F. eucommiae and reported that 

Ultrasonic extractions give higher extraction than the conventional, microwave-
assisted, enzyme assisted extractions. Zhang et al. (2009) studied epimedin C 

extraction from the leaves of Epimedium by ultrasonic extraction and soxhlet 
extraction method. They found that the Ultrasonic extraction gives higher yield 

that of soxhlet extraction. They also stated that ultrasound extraction requires less 

 

 

Fig 1: Ultrasonication setup  
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extraction time, temperature and solvent. Similar result,reduction in extraction 
time increased yield were also reported by Cao et., al. (2009) for extraction of 

piperine from white pepper and by  Jing et.al. (2015) for extraction of 

flavonoid and antioxidants from Alfalfa. Ultrasound extraction found to be a 
more effective extraction technique for extraction of different compounds.  

 

ULTRASOUND ASSISTED PROCESSING 

 

Ultrasound technology has come to the food processing industry as a boon as it 

does not tamper with the organoleptic properties of food. It is time-efficient, 
inexpensive, cuts down the wastewater post-treatment and helps produce purer 

final products. Use of ultrasound in the processing industry has resulted in 
micromixing, and more efficient mixing, rapid mass, and heat transfer helped in 

cutting down the temperature, selective extraction, downsized the equipment size 

and also increased the rate of production. Foams and agglomerates can be 
formed; the dust can be precipitated out; filtration efficiency could be improved 

using ultrasound.  

 

Drying 

 

Drying is the process by which the water activity of food products is decreased to 
a level such that the growth of microorganisms and enzymatic reactions are 

hindered. Drying is a useful operation as it extends the shelf life of the food, but 

it also has certain disadvantages (Rodríguez et al.,                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

2018). Drying cannot be efficiently used on heat sensitive products because using 

high temperatures will damage the food and using low temperatures extend the 

time which corresponds to the initiation of oxidation reactions and the quality of 
the food is reduced. Due to this reason, alternative technologies are being studied 

in the food industry (Rodríguez et al., 2018).  

The utilization of ultrasonication in food processing is being considered as a 
novel and auspicious technology.  The efficiency of drying assisted by power 

ultrasound can be accomplished by adjusting the product behavior at the time of 

drying, pretreatments such as soaking the food product in an acoustically assisted 
liquid medium or by exposing it to power ultrasound in gaseous medium 

(Reference). The use of power ultrasound during drying has both positive and 

negative effects. The positive effects being the intensification of the drying 
process and limitation of oxidation reactions which in turn retain most of the bio 

compounds when applied at low temperatures. At high temperatures, the synergy 

of thermal and acoustic energy affects the bio compounds negatively. 
The power ultrasound operation has proved to be highly effective in the 

preservation of food and is highly advantageous non-thermal processing 

technique.  But power ultrasound also has its own drawbacks. The propagation of 
ultrasonic waves in air medium is one of the challenges and also limits the energy 

used for drying. Another major hindrance in using power ultrasound for drying is 

managing the interaction between the foodstuff and the ultrasonic waves because 
ultrasound can encourage structural and nutritional damage to the food (García-

Pérez et al., 2007) 

 

Freezing 

 

Freezing is generally used as a method of preservation of food to store for months 
or over a year, which depends on type of food. When spoilage of food occurs, 

objectionable color and texture changes take place along with some undesirable 

off-flavors. Freezing delays, the biochemical and physiochemical reactions that 

are often responsible for these off-flavors by an appreciable amount of time and 

also helps retain the sensory properties and nutritive properties of fresh foods 

(Erkmen and Bozoglu, 2016). Freezing methods are classified as follows 

 Quick freezing: The ice crystals produced during quick freezing are 

fine and are formed equally within and outside the cell, causing less to no 
damage to the tissues. 

 Slow freezing: this is achieved within 3-72 hours. During this time, 
larger ice crystals are formed which disrupt the cell structure of the food 

particles. 

In the recent years, research has been done on the applications of ultrasound in 
the field of low-temperature processes such as freezing, freeze-drying, freeze 

concentration and thawing to boost the quality of frozen foods (Cheng et al., 

2015). The use of ultrasound has also been studied for controlling the size and 
size distribution of the ice crystals formed during the freezing process and to 

study the ice content and pace of freezing by using low-intensity ultrasound. 

Generally, two types of ultrasound frequencies are used (Cheng et al., 2015) 

 Low-intensity diagnostic ultrasound: these ultrasound waves have a 

frequency between 5-10 MHz. This type of ultrasound is normally used as an 
analytical tool for non-destructive inspection, process control, and quality 

evaluation. Low-intensity ultrasound is used to determine food properties; for 

instance, firmness, ice content, total soluble solid, oil content. It is also used for 
the inspection of the material used for packaging food. 

 High-intensity power ultrasound: the frequency of this type of 

ultrasound ranges between 20-100 kHz. This technology is somewhat new in the 
food industry, and studies are going on about how this technology can be used to 

benefit the industry. 

Germination 
 

During the germination process there are chances of increasing microbial load 

which can be prevented by using preservative. So, in such case ultrasound is 
observe effective to reduce aerobic count by 5.86 and 5.51 log units and also 

increased the average germination from 83 - 97% (Chiu and Sung, 2014). 

 

AIRBORNE UST AS ADVANCES IN ULTRASONICATION 

 

Airborne acoustic ultrasound is a relatively new technology and has been proved 
efficient in several foods and non-food applications such as drying, defoaming 

and decontamination. One of the main challenges of using airborne UST is the 
hindered efficient energy transmission. This problem has been solved by 

developing several new types of transducers. Airborne UST has been used in the 

food industry in combination with some old techniques so as to reduce the issues 
that are faced while using conventional methods. One of the most common 

examples is of drying. Using high temperature while drying foods has been 

known to deteriorate the sensory attributes of the products. Hence, using 
ultrasound-assisted drying is a novel and much better technique. Its makes use of 

relatively low temperatures and thus preserves the quality and the nutritional 

value of the food products. Another area where application of airborne UST is 
famous is inactivation of microorganisms. This method is found to be less 

damaging to the food products as compared to the conventional methods of 

pasteurization and sterilization. The use of airborne UST has been studied greatly 
in the past few years and is successful in several different food industry 

applications (Clementine et al., 2017) 

 

CONCLUSION 

 

The ultrasonication technology effectively acts as preservation technology by 
inactivating microorganisms. This technology effectively can be used in the 

reduction of acrylamide content in the fried product, postharvest disinfection, 

pretreatment as peeler. This technology is also suitable for bioconversion from 
food waste like producing glucose and also helps to reduce or move towards zero 

waste. There is still scope to understand the effect of ultrasonication effect in 

modification of proteins and peptides or its extraction and hydrolysis process 
which need to be investigated. There is huge scope to study the effect of 

ultrasonication in the area of fermented products like semi-viscous liquid-like idli 

batter, and various fermented alcoholic beverages fermented the tea, etc. 
Modeling, Software developments, design and fabrication are tools which need to 

be considered with gerneralized equation to employed ultrasonication as effect 

scale process in the area of food industry. 
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