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ABSTRACT ARTICLE HISTORY
By inducing thermal and chemical changes, ultrasonic technology can be Received 29 December 2022
used to refine fruit and vegetable juices. This review focuses on the most Revised 3 April 2023
recent successes in the use of ultrasound in the processing of fruit and Accepted 6 April 2023
vegetable juices due to the fact that ultrasonic operation and its effect on KEYWORDS

juice are distinct. Recent advancements in ultrasonic operations and their Fruit; vegetable; juices;
effect on the processing of fruit and vegetable juices were the subject of processing; ultrasound
a comprehensive literature review. Studies have been a standard part of

outcome analysis since the turn of the millennium. Key advantages of this

method include the maintenance of vital components and the elimination of

pulp accumulation in juices. However, this method still falls short of fully

inactivating bacteria and enzymes, so gentler heat treatments are usually

required.

Introduction

In the study of ultrasound juice processing, ultrasound baths and ultrasound probes are being
employed. High shear rates (i.e. the rate at which a fluid is sheared or “worked” during flow. In
more technical terms, it is the rate at which fluid layers or laminae move past each other. The geometry
and speed of the flow both influence shear rate), acoustic cavitation, temperature and pressure
increases, and sonolysis of water molecules have all been linked to ultrasound in a liquid system.
This phenomenon occurs in solid liquid systems, such as juices, despite the fact that it differs from
liquid systems. Bubbles in the surrounding liquid collapse asymmetrically as a result of the particle’s
close contact with solid matter. Microjetting happens as a result of the rush of bubble fluid toward the
surface. Upon breaking the boundary layer, particles experience rapid heat and mass transfer.!'~!
The effectiveness of ultrasonography’s application to fruit and vegetable juices depends on both
external and internal factors. Environmental and equipment factors (such as temperature, proces-
sing time, ultrasound power, frequency, and amplitude) fall under the category of external factors,
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Figure 1. Method for searching the literature for information.

while the characteristics and composition of the juice matrix determine the realm of the internal
factors. An external factor, like ambient circumstances or equipment, can have an impact on
a juice matrix’s quality and composition. Particle surface erosion, cell disintegration, and size
reduction are just a few of the tiny structural alterations that ultrasound may wreak on cells and
tissues. As a result of these alterations, physical, microbiological, and enzymatic stability are
improved.[*~®

Stability in physical, enzymatic, and microbiological terms is an indicator of juice quality.” %! As
far as microbiological and enzymatic stabilities are concerned, ultrasound can help. The system’s
properties and stability are determined by the relative size of the system’s coexisting forces.!"!'* Since
ultrasonic operation and its effects on juice are distinct, this review was created to explore the most
current successes in the utilization of ultrasound in the processing of fruit and vegetable juices.

Literature search

An extensive literature review was conducted after institutional review board (IRB) approval to look
into the most current achievements in ultrasonic operations and their impact on the processing of fruit
and vegetable juice. There was a search for “ultrasound in fruit and vegetable juice processing” in
December 2021 in the Web of Science (WOS), Scopus, ScienceDirect, PubMed, MEDLINE, NCBI, and
SAGE databases. This search yielded a number of abstracts that were analyzed for their usefulness. The
most recent triumphs of ultrasonic operations and their impact on the processing of fruit and
vegetable juices were investigated using full papers that were retrieved and reviewed. Since the turn
of the millennium, studies have been a part of outcome analysis. As a means of ensuring that all
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possible sources of expertise were included, the study location and publication type were overlooked
(Figure 1).

Influences of ultrasound on the structure and physical characteristics of juice

Ultrasound has a number of effects on the structure, physical, and technical properties of juice.
Furthermore, the following section of this review is devoted to discussing these impacts in greater depth.

Ultrasound and the structure of juice

Juice structure is altered by ultrasonic processing. Polydisperse systems, like those found in fruit and
vegetable juices, have an insoluble phase suspended in a viscous solution. The structure of these
elements was altered by the duration of ultrasonic processing or the intensity of the acoustic energy
applied to the samples.!'*'*!

The alteration of the structure is not a one-to-one procedure. As a result, the cellular composition
of smaller particles undergoes more profound changes. As the particle size decreases, the volume
proportion of the dispersed phase increases. Furthermore, the compounds exposed by cell disruption
alter the properties of the particles and serum juice, improving particle-particle and particle-serum
interactions, .[*!*1¢17]

Ultrasonic processing is expected to reduce particle sizes and distribute them more uniformly.
However, because particle size and distribution are determined by other processes, they are not always
tied to processing time. Changes in viscosity, texture, turbidity, sedimentation, and color stability, for
example, may be linked to changes in the structure of the juice during ultrasound processing.!"!

Texture and rheological properties

Structure, particle size, and composition all have an impact on the juice’s rheological qualities. The
flow behavior will be determined by the interaction of the coexisting forces. The amount of these
forces, and hence the bulk rheology, is determined by particle size and particle volume fraction. The
microscopic particles in purees or pulps are larger than 10 pm, and some of them may be flocs or
colloidal particle aggregates. Brownian motion and interparticle forces are low in comparison to
hydrodynamic forces for big particles.!"®'?) The rheological properties of the juice may be linked to the
processing conditions. Dispersion and continuous phase transitions are just two of the many complex
phenomena associated with structural changes. Thus, the effect of the ultrasonic procedure on juice
rheology can display nuanced behavior. The ultrasonic energy used can either increase or decrease the
consistency of a food product, making it more or less fluid. .1*'"'7***!IDias et al. (2015) confirmed
that the “texture” parameter of ultrasound-processed soursop juice had greater sensory acceptability
values than control samples.!**!

Sedimentation stability and cloud retention

Structure, particle size, and composition all have an impact on the juice’s rheological qualities. Juice
sedimentation can be prevented by using ultrasound processing. Stokes’ rule is used to describe how
large particles that are suspended in a fluid are affected by hydrodynamic forces.!"***! Improved cloud
retention is achieved through the use of ultrasound in liquids such as orange juice.**) After centri-
fugation, turbidity in the supernatant is almost nonexistent in untreated samples, but it increases in
treated samples.'* Due to the larger particles (in unprocessed samples) and the smaller particles
forming aggregates during centrifugation, the turbidity of the supernatant is decreased after separation
(in treated samples).!*!
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Color

Food’s color is a significant sensory characteristic. Color can also be used to measure the nutritional
and quality losses in liquid meals during manufacture and storage. Color stability is determined by
storage conditions.'!! Ultrasound can help preserve the color of juices such as pineapple and
peach.!"*?*! Particle size, intercellular material release, and pigment stability all influence the stability
of color parameters (lightness, redness, and yellowness) after ultrasound processing. This is most likely
due to ultrasonography’s elimination of dissolved oxygen. However, as a result of cell breakdown,
degradation may happen as a consequence of more exposed pigments.m]

Effects on microorganisms

Several experiments have been conducted to improve the microbiological stability of juices using
ultrasound.!"* >* 2 The impact of ultrasound on microorganisms will be determined by both external
and internal factors, as well as the type and characteristics of the microbe.'*”~**) Acid adaptability and
pathogen strain influence ultrasound inactivation; thus, these aspects must be considered.!*"’
According to one study, a low pH reduces microbe resistance to ultrasonography, which is especially
crucial in juices. Increased pulp content and juice components, on the other hand, appear to protect
microorganisms. Mostly, when inoculation microorganisms are used, their resistance is lower than
that of the juice’s indigenous flora.*" Despite this, using ultrasonography alone is rarely enough to
produce the required effects. It has been utilized in conjunction with other technologies like as natural
antimicrobials, pulsed light, heat under pressure, and, most notably, a thermal process to get superior
results in the juice processing business. !

Effects on enzymes

Numerous studies on the use of ultrasound to inactivate enzymes such as peroxidase, polyphenol
oxidase, and pectin methylesterase have been undertaken.!**2->* The processes of ultrasonic inactiva-
tion are enzyme-specific and dependent on the amino acid content and conformational shape of the
enzyme. During sonication, the way enzymes work can be affected by a combination of chemical and
physical factors happening at the same time. By changing the structure of an enzyme, these things can
affect how well it works. The ways that ultrasound stops an enzyme from working are unique to the
enzyme being studied and depend on its amino acid structure and conformational structure.*>**
Fruit and vegetable juices have a high pulp concentration, which makes it harder for enzymes to be
deactivated. Because of the way ultrasound interacts with particles and pulp cells, it has an effect on
enzyme function. Enzyme activity increases when pulp cells are removed. The longer the ultrasonic
processing time, the more polyphenol oxidase activity is created in diluted avocado puree.!! With the
aid of ultrasound and heat, juice enzyme inactivation rates can be improved."**!

Influences on ingredients

Juices that are ultrasonically processed have a wide range of impacts on individual components or
ingredients (Figure 2), as indicated below.

Compounds with bioactive properties

Carotenoids, anthocyanins, ascorbic acid, and phenolics are antioxidant-rich bioactive compounds
found in fruits and vegetables. Ultrasonography’s influence on these compounds has been thoroughly
studied.®>-38!

However, some degradation has been seen under specific conditions due to the formation of
oxidative compounds during the ultrasonic process. After ultrasound processing in juices that had
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Compounds with bioactive properties

Ulirasound influences on vegetable
fruit juice ingredients

Proteins in fruit and vegetable juices

Figure 2. Influences on vegetable and fruit juice ingredients.

already been degassed, no significant ascorbic acid degradation was discovered, as stated by Aguilar
et al. (2017), who endorsed this procedure to avoid deterioration.®®! Ultrasonic treatment has also
been shown to reduce the amount of occluded oxygen in the juice, improving its long-term chemical
stability,!*"!

Polysaccharide compounds in juices

A polysaccharide molecule, pectin can be found in a wide variety of fluids. Turbidity and viscosity
decreased with sonicated pectin solutions. Gelation rates of sonicated pectin solutions were also lower
than those of nonsonicated samples, which may be because the shorter pectin molecule chain lengths
inhibited network formation. The sugars glucose and fructose, both of which are carbohydrates, can be
found in abundance in fruit juices. They are inextricably linked to the concept of sweetness. When it
comes to preserving the carbohydrate profile of spinach, orange, carrot, and sweet lime juices,
ultrasound processing was considerably superior to heat processing.*"!

Proteins in fruit and vegetable juices

Ultrasound has been utilized to separate protein from black beans, peas, soy, and rice. An increase in the
insolubility and hydrophobicity, a rise in emulsifying activity, and an increase in protein molecular
motion resulted from a lower frequency (20 kHz), medium ultrasonic power (150 W), and a short
processing period (24 min). It is possible to increase the particle size of aggregates by using high-power
ultrasound (450 W). Structure, carbohydrate content, and denaturation potential of rice protein isolates
all contributed to the lack of detectable aggregate size reduction. In addition, primary protein structure
molecular weight distribution was stable across a wide range of experimental conditions. .[*>**!
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Ultrasound in juice processing: industrial and commercial considerations

On an industrial basis, ultrasound technology in juice processing is rather limited. As a result,
additional research is required before this approach may be employed commercially. Furthermore,
when compared to heat processing, ultrasound is seen to be a better option for retaining juice
contents. Acoustic cavitation-induced equipment wear is a major challenge and constraint.
As a result, notwithstanding the encouraging results thus far, selecting adequate ultrasonic equip-
ment for juice processing on an industrial scale remains a barrier to the application of this
technology.!""!

Conclusion

Ultrasound treatment has been shown to benefit fruit and vegetable juices. Among the main advan-
tages of this method are the preservation of useful components throughout the process and the
avoidance of pulp deposition in juices. This technology is still limited in its ability to inactivate
microbes and enzymes, necessitating the use of other technologies, such as ultrasound, which
improves the process’s effectiveness and allows for the use of milder heat.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This study has received no funding from any sources.

Data availability statement

All data are available in the manuscript.

References

[1] Bhaskaracharya, R; Kentish, S.; Ashokkumar, M. Selected Applications of Ultrasonics in Food Processing. Food
Eng. Rev. 2009, 1(1), 31-49. DOI: 10.1007/512393-009-9003-7.

[2] Aadil, R. M;; Zeng, X. A;; Han, Z.; Sun, D. W. Effects of Ultrasound Treatments on Quality of Grapefruit Juice.
Food. Chem. 2013, 141(3), 3201-3206. DOI: 10.1016/j.foodchem.2013.06.008.

[3] Yildiz, G.; Izli, G.; Aadil, R. M. Comparison of Chemical, Physical, and Ultrasound Treatments on the Shelf Life
of Fresh-Cut Quince Fruit (Cydonia Oblonga Mill.). J. Food Process. Preserv. 2020, 44(3), e14366. DOLI: https://
doi.org/10.1111/jfpp.14366.

[4] Bi, X.; Hemar, Y.; Balaban, M. O.; Liao, X. The Effect of Ultrasound on Particle Size, Color, Viscosity and
Polyphenol Oxidase Activity of Diluted Avocado Puree. Ultrason. Sonochem. 2015, 27, 567-575. DOI: 10.1016/j.
ultsonch.2015.04.011.

[5] Mukhtar, K; Nabi, B. G.; Arshad, R. N; Roobab, U.; Yaseen, B.; Ranjha, M. M. A. N; Aadil, R. M.; Ibrahim, S. A.
Potential Impact of Ultrasound, Pulsed Electric Field, High-Pressure Processing and Microfludization Against
Thermal Treatments Preservation Regarding Sugarcane Juice (Saccharum Officinarum). Ultrason. Sonochem.
2022, 90, 106194. DOL: 10.1016/j.ultsonch.2022.106194.

[6] Yildiz, G;Yildiz, G.; Khan, M. R.; Aadil, R. M. High-Intensity Ultrasound Treatment to Produce and Preserve the
Quality of Fresh-Cut Kiwifruit. J. Food Process. Preserv. 2022, 46(5), e16542. DOI: https://doi.org/10.1111/jfpp.
16542.

[7] Dhar, R; Basak, S.; Chakraborty, S. Pasteurization of Fruit Juices by Pulsed Light Treatment: A Review on the
Microbial Safety, Enzymatic Stability, and Kinetic Approach to Process Design. Compr. Rev. Food Sci. Food Saf.
2022, 21(1), 499-540. DOI: 10.1111/1541-4337.12864.

[8] Mahmoud, M. Z,; Fagiry, M. A; Davidson, R.; Abdelbasset, W. K. The Benefits, Drawbacks, and Potential Future
Challenges of the Most Commonly Used Ultrasound-Based Hurdle Combinations Technologies in Food
Preservation. J. Radiat. Res. Appl. Sci. 2022, 15(1), 206-212. DOI: 10.1016/j.jrras.2022.03.006.


https://doi.org/10.1007/s12393-009-9003-7
https://doi.org/10.1016/j.foodchem.2013.06.008
https://doi.org/10.1111/jfpp.14366
https://doi.org/10.1111/jfpp.14366
https://doi.org/10.1016/j.ultsonch.2015.04.011
https://doi.org/10.1016/j.ultsonch.2015.04.011
https://doi.org/10.1016/j.ultsonch.2022.106194
https://doi.org/10.1111/jfpp.16542
https://doi.org/10.1111/jfpp.16542
https://doi.org/10.1111/1541-4337.12864
https://doi.org/10.1016/j.jrras.2022.03.006

1120 M. MAHMOUD ET AL.

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(27]

(28]

[29]

(30]

(31]

Mahmoud, M. Z; Davidson, R.; Abdelbasset, W. K.; Fagiry, M. A. The New Achievements in Ultrasonic
Processing of Milk and Dairy Products. J. Radiat. Res. Appl. Sci. 2022, 15(1), 199-205. DOI: 10.1016/j.jrras.
2022.03.005.

Umair, M.; Jabeen, S.; Ke, Z.; Jabbar, S.; Javed, F.; Abid, M.; Rehman Khan, K. U,; Ji, Y.; Korma, S. A ; El-Saadony,
M. T., et al. Thermal Treatment Alternatives for Enzymes Inactivation in Fruit Juices: Recent Breakthroughs and
Advancements. Ultrason. Sonochem. 2022, 86, 105999. DOI: 10.1016/j.ultsonch.2022.105999.

Guerrero, S. N.; Ferrario, M.; Schenk, M.; Carrillo, M. G. Hurdle Technology Using Ultrasound for Food
Preservation. In Ultrasound: Advances for Food Processing and Preservation; Bermudez-Aguirre, D., Ed,;
Academic Press, 2017; pp. 39-99.

Evelyn; Kim, H. J; Silva, F. V. M. Modeling the Inactivation of Neosartorya Fischeri Ascospores in Apple Juice by
High Pressure, Power Ultrasound and Thermal Processing. Food. Control. 2016, 59, 530-537. DOI: 10.1016/j.
foodcont.2015.06.033.

Ferrario, M.; Alzamora, S. M.; Guerrero, S. Study of the Inactivation of Spoilage Microorganisms in Apple Juice
by Pulsed Light and Ultrasound. Food. Microbiol. 2015, 46, 635-642. DOI: 10.1016/j.fm.2014.06.017.

Rojas, M. L; Leite, T. S.; Cristianini, M.; Alvim, I. D.; Augusto, P. E. D. Peach Juice Processed by the Ultrasound
Technology: Changes in Its Microstructure Improve Its Physical Properties and Stability. Food Res. Int. 2016, 82,
22-33. DOL: 10.1016/j.foodres.2016.01.011.

Augusto, P. E. D,; Ibarz, A; Cristianini, M. Effect of High Pressure Homogenization (HPH) on the Rheological
Properties of Tomato Juice: Time-Dependent and Steady-State Shear. J. Food Eng. 2012, 111(4), 570-579. DOI:
10.1016/j.jfoodeng.2012.03.015.

Kubo, M. T. K;; Augusto, P. E. D.; Cristianini, M. Effect of High Pressure Homogenization (HPH) on the Physical
Stability of Tomato Juice. Food Res. Int. 2013, 51(1), 170-179. DOI: 10.1016/j.foodres.2012.12.004.

Wu, J.; Gamage, T. V.; Vilkhu, K. S;; Simons, L. K;; Mawson, R. Effect of Thermosonication on Quality
Improvement of Tomato Juice. Innovative Food Sci. Emerg. Technol. 2008, 9(2), 186-195. DOIL: 10.1016/j.ifset.
2007.07.007.

Augusto, P. E. D,; Vitali, A. A. Assessing Juice Quality - Advances in the Determination of Rheological Properties
of Fruit Juices and Derivatives. In Juice Processing; Falguera, V. Ibarz, A., Eds.; CRC Press, 2014; pp. 83-136.
Rao, M. A,; McClements, D. J. Influence of Food Microstructure on Food Rheology. In Understanding and
Controlling the Microstructure of Complex Foods; McClements, D. J., Ed.; CRC Press, 2007; pp. 411-424.
Vercet, A.; Sdnchez, C.; Burgos, J.; Montaiiés, L.; Lopez Buesa, P. The Effects of Manothermosonication
on Tomato Pectic Enzymes and Tomato Paste Rheological Properties. J. Food Eng. 2002, 53(3), 273-278.
DOI: 10.1016/5S0260-8774(01)00165-0.

Soria, A. C; Villamiel, M. Effect of Ultrasound on the Technological Properties and Bioactivity of Food: A
Review. Trends. Food Sci. Technol. 2010, 21(7), 323-331. DOL: 10.1016/j.tifs.2010.04.003.

Dias, D. D. R. C;; Barros, Z. M. P,; Carvalho, C. B. O. D.; Honorato, F. A;; Guerra, N. B,; Azoubel, P. M. Effect of
Sonication on Soursop Juice Quality. LWT - Food Sci. Technol. 2015, 62(1), 883-889. DOL: 10.1016/j.1wt.2014.09.043.
Genovese, D. B.; Lozano, J. E.; Rao, M. A. The Rheology of Colloidal and Noncolloidal Food Dispersions. J. Food
Sci. 2007, 72(2), R11-20. DOI: 10.1111/j.1750-3841.2006.00253.x.

Tiwari, B. K;; O’ Donnell, C. P.; Muthukumarappan, K.; Cullen, P. J. Effect of Sonication on Orange Juice Quality
Parameters During Storage. Int. J. Food Sci. Technol. 2009, 44(3), 586-595. DOI: 10.1111/j.1365-2621.2008.01858.x.
Costa, M. G. M.; Fonteles, T. V; de Jesus, A. L. T.; Almeida, F. D. L.; de Miranda, M. R. A.; Fernandes, F. A. N;
Rodrigues, S. High-Intensity Ultrasound Processing of Pineapple Juice. Food Bioprocess. Technol. 2013, 6(4),
997-1006. DOI: 10.1007/s11947-011-0746-9.

Bevilacqua, A.; Sinigaglia, M.; Corbo, M. R. Ultrasound and Antimicrobial Compounds: A Suitable Way to
Control Fusarium oxysporum in Juices. Food Bioprocess. Technol. 2013, 6(5), 1153-1163. DOI: 10.1007/s11947-
012-0782-0.

Roobab, U.; Aadil, R. M.; Madni, G. M.; Bekhit, A. E. The Impact of Nonthermal Technologies on
the Microbiological Quality of Juices: A Review. Compr. Rev. Food Sci. Food Saf. 2018, 17(2), 437-457.
DOI: 10.1111/1541-4337.12336.

Shabbir, M. A;; Ahmed, H.; Maan, A. A; Rehman, A.; Afraz, M. T,; Igbal, M. W.; Khan, I. M;; Amir, R. M;
Ashraf, W.; Khan, M. R, et al. Effect of Non-Thermal Processing Techniques on Pathogenic and Spoilage
Microorganisms of Milk and Milk Products. Food Sci. Technol. 2020, 41(2), 279-294. DOI: 10.1590/fst.05820.
Yildiz, G.; Aadil, R. M. Comparison of High Temperature-Short Time and Sonication on Selected Parameters of
Strawberry Juice During Room Temperature Storage. J. Food Sci. Technol. 2020, 57(4), 1462-1468. DOI: 10.1007/
s13197-019-04181-y.

Patil, S.; Bourke, P.; Kelly, B.; Frias, J. M.; Cullen, P. J. The Effects of Acid Adaptation on Escherichia coli
Inactivation Using Power Ultrasound. Innov Food Sci Emerg. Technol. 2009, 10(4), 486-490. DOI: 10.1016/j.ifset.
2009.06.005.

Gabriel, A. A. Microbial Inactivation in Cloudy Apple Juice by Multi-Frequency Dynashock Power Ultrasound.
Ultrason. Sonochem. 2012, 19(2), 346-351. DOI: 10.1016/j.ultsonch.2011.06.003.


https://doi.org/10.1016/j.jrras.2022.03.005
https://doi.org/10.1016/j.jrras.2022.03.005
https://doi.org/10.1016/j.ultsonch.2022.105999
https://doi.org/10.1016/j.foodcont.2015.06.033
https://doi.org/10.1016/j.foodcont.2015.06.033
https://doi.org/10.1016/j.fm.2014.06.017
https://doi.org/10.1016/j.foodres.2016.01.011
https://doi.org/10.1016/j.jfoodeng.2012.03.015
https://doi.org/10.1016/j.jfoodeng.2012.03.015
https://doi.org/10.1016/j.foodres.2012.12.004
https://doi.org/10.1016/j.ifset.2007.07.007
https://doi.org/10.1016/j.ifset.2007.07.007
https://doi.org/10.1016/S0260-8774(01)00165-0
https://doi.org/10.1016/j.tifs.2010.04.003
https://doi.org/10.1016/j.lwt.2014.09.043
https://doi.org/10.1111/j.1750-3841.2006.00253.x
https://doi.org/10.1111/j.1365-2621.2008.01858.x
https://doi.org/10.1007/s11947-011-0746-9
https://doi.org/10.1007/s11947-012-0782-0
https://doi.org/10.1007/s11947-012-0782-0
https://doi.org/10.1111/1541-4337.12336
https://doi.org/10.1590/fst.05820
https://doi.org/10.1007/s13197-019-04181-y
https://doi.org/10.1007/s13197-019-04181-y
https://doi.org/10.1016/j.ifset.2009.06.005
https://doi.org/10.1016/j.ifset.2009.06.005
https://doi.org/10.1016/j.ultsonch.2011.06.003

[34]

(35]

INTERNATIONAL JOURNAL OF FOOD PROPERTIES ‘ 1121

Cruz, R. M. S.; Vieira, M. C,; Silva, C. L. M. Effect of Heat and Thermosonication Treatments on Peroxidase
Inactivation Kinetics in Watercress (Nasturtium officinale). J. Food Eng. 2006, 72(1), 8-15. DOI: 10.1016/j.
jfoodeng.2004.11.007.

Rawson, A.; Tiwari, B. K.; Patras, A.; Brunton, N.; Brennan, C.; Cullen, P. J.; O’'Donnell, C. Effect
of Thermosonication on Bioactive Compounds in Watermelon Juice. Food Res. Int. 2011, 44(5), 1168-1173.
DOI: 10.1016/j.foodres.2010.07.005.

Rojas, M. L.; Trevilin, J. H; Funcia, E. D. S;; Gut, ]. A. W.; Augusto, P. E. D. Using Ultrasound Technology for
the Inactivation and Thermal Sensitization of Peroxidase in Green Coconut Water. Ultrason. Sonochem. 2017, 36,
173-181. DOI: 10.1016/j.ultsonch.2016.11.028.

Abid, M,; Jabbar, S.; Hu, B.; Hashim, M. M.; Wu, T.; Lei, S.; Khan, M. A.; Zeng, X. Thermosonication as
a Potential Quality Enhancement Technique of Apple Juice. Ultrason. Sonochem. 2014, 21(3), 984-990.
DOI: 10.1016/j.ultsonch.2013.12.003.

Barba, F. J.; Brianceau, S.; Turk, M.; Boussetta, N.; Vorobiev, E. Effect of Alternative Physical
Treatments (Ultrasounds, Pulsed Electric Fields, and High- Voltage Electrical Discharges) on Selective
Recovery of Bio-Compounds from Fermented Grape Pomace. Food Bioprocess. Technol. 2015, 8(5),
1139-1148. DOI: 10.1007/s11947-015-1482-3.

Guerrouj, K.; Sinchez-Rubiob, M.; Taboada-Rodriguez, A.; Cava-Roda, R. M.; Marin- Iniesta, F. Sonication at
Mild Temperatures Enhances Bioactive Compounds and Microbiological Quality of Orange Juice. Food Bioprod.
Process. 2016, 99, 20-28. DOI: 10.1016/j.tbp.2016.03.007.

Zafra-Rojas, Q. Y.; Cruz-Cansino, N.; Ramirez-Moreno, E.; Delgado-Olivares, L.; Villanueva- Sanchez, J;
Alanis-Garcia, E. Effects of Ultrasound Treatment in Purple Cactus Pear (Opuntia ficus-indica) Juice. Ultrason.
Sonochem. 2013, 20(5), 1283-1288. DOI: 10.1016/j.ultsonch.2013.01.021.

Aguilar, K; Garvin, A; Ibarz, A,; Augusto, P. E. D. Ascorbic Acid Stability in Fruit Juices During
Thermosonication. Ultrason. Sonochem. 2017, 37, 375-381. DOI: 10.1016/j.ultsonch.2017.01.029.

Cheng, L. H; Soh, C. Y,; Liew, S. C,; Teh, F. F. Effects of Sonication and Carbonation on Guava Juice Quality.
Food. Chem. 2007, 104(4), 1396-1401. DOI: 10.1016/j.foodchem.2007.02.001.

Khandpur, P.; Gogate, P. R. Effect of Novel Ultrasound Based Processing on the Nutrition Quality of Different
Fruit and Vegetable Juices. Ultrason. Sonochem. 2015, 27, 125-136. DOI: 10.1016/j.ultsonch.2015.05.008.

Jiang, L; Wang, J.; Li, Y.; Wang, Z; Liang, J.; Wang, R; Chen, Y.; Ma, W.; Qi, B; Zhang, M. Effects of
Ultrasound on the Structure and Physical Properties of Black Bean Protein Isolates. Food Res. Int. 2014, 62,
595-601. DOI: 10.1016/j.foodres.2014.04.022.

O’Sullivan, J.; Murray, B.; Flynn, C.; Norton, I. The Effect of Ultrasound Treatment on the Structural, Physical
and Emulsifying Properties of Animal and Vegetable Proteins. Food. Hydrocoll. 2016, 53, 141-154. DOI: 10.1016/
j.foodhyd.2015.02.009.


https://doi.org/10.1016/j.jfoodeng.2004.11.007
https://doi.org/10.1016/j.jfoodeng.2004.11.007
https://doi.org/10.1016/j.foodres.2010.07.005
https://doi.org/10.1016/j.ultsonch.2016.11.028
https://doi.org/10.1016/j.ultsonch.2013.12.003
https://doi.org/10.1007/s11947-015-1482-3
https://doi.org/10.1016/j.fbp.2016.03.007
https://doi.org/10.1016/j.ultsonch.2013.01.021
https://doi.org/10.1016/j.ultsonch.2017.01.029
https://doi.org/10.1016/j.foodchem.2007.02.001
https://doi.org/10.1016/j.ultsonch.2015.05.008
https://doi.org/10.1016/j.foodres.2014.04.022
https://doi.org/10.1016/j.foodhyd.2015.02.009
https://doi.org/10.1016/j.foodhyd.2015.02.009

	Abstract
	Introduction
	Literature search
	Influences of ultrasound on the structure and physical characteristics of juice
	Ultrasound and the structure of juice
	Texture and rheological properties
	Sedimentation stability and cloud retention
	Color
	Effects on microorganisms

	Effects on enzymes
	Influences on ingredients
	Compounds with bioactive properties
	Polysaccharide compounds in juices
	Proteins in fruit and vegetable juices

	Ultrasound in juice processing: industrial and commercial considerations
	Conclusion
	Disclosure statement
	Funding
	Data availability statement
	References

