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All the examined works reported an increase in oil yield and extractability index through the use of high-power
ultrasound(HPU), which was ascribed to reduced paste viscosity and cavitation-driven cell disruption. Olive oil legal
quality was generally not affected; on the other hand, results regarding oil chemical composition were conflicting with
some studies reporting an increase of phenols, tocopherols, and volatile compounds, while others underlined no
significant effects to even slight reductions after HPU treatment. Regarding the acceptability of oils extracted through HPU
processing, consumer perception is not negatively affected, as long as the marketer effectively delivers information about
the positive effects of ultrasound on oil quality and sensory aspect.
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| 1. Introduction

Mediterranean Diet (MD) as a concept and lifestyle emphasizes a specific dietary pattern that is typical of the
Mediterranean basin, and particularly of the countries where the growth of olive trees is widespread, such as Greece,
Crete, and Southern Italy . The possible relationship between the adherence to MD and health benefits was proposed
for the first time in 1634 CE by Lodovico Castelvetro, an Italian exiled in England who criticized the excessive
consumption of meats by the English people, and wished for higher usage of fruits and vegetables . It was not until the
1970s that the first large scale study was conducted on the relation of MD to health following a scientific approach, which
showed lower rates of cardiovascular diseases (CVD) in Southern France, compared to Northern France [ followed by
many other studies on the benefits of MD B4, The distinctive features of MD are that it is mainly a plant-based diet,
characterized by a huge consumption of whole grains, fruits, and vegetables, moderate use of fish and white meat, and
occasional consumption of red meat and sweets. In addition, a central trait is the use of olive oil as the main source of fat,
which provides particularly monounsaturated fatty acids and a unique pool of micro-components, such as tocopherols and
polyphenols 1.

Olive oil, its composition and, its positive effects on human health as a major component of MD have been thus
extensively documented and reviewed in the literature [EIAEISN A recent study conducted on mice by Luque-Sierra et
al. 1 focused on the effects of supplementing their diet with extra-virgin olive oil (EVOO) containing a standard
concentration of phenols. The results demonstrated that EVOO exerts vasculo-protective effects in mice aorta and
reduces the expression of pro-inflammatory genes. Accordingly, mice fed with EVOO included diet exhibited
atherosclerotic lesions of a lower extent, compared to those fed with the standard diet. Violi et al. 12 compared the effect
of EVOO and corn oil on both glycemic and lipid profiles in healthy subjects. In this study, EVOO was observed to
significantly reduce post-prandial glucose and low-density lipoprotein cholesterol levels, an effect that may be responsible
for its anti-atherosclerosis action. Rubio-Senent et al. 13! ascribed this protective effect on CVD and, in particular, on the
development of atherosclerotic plaques and the accumulation of oxidative damage, to the synergistic action of a
consortium of phenolic compounds of EVOO. Moreover, EVOO phenols are involved in the modulation of the type-1
cannabinoid receptor gene (CB1) through epigenetic mechanisms which determine the suppression of colon cancer cells
(4] |n fact, the leading factor in determining phenolic content and its composition in EVOOs is processing technology 121,
which is strongly affected by traditions, probably limiting innovation aimed at improving product quality and the
sustainability of the whole process.

Within the process flow of EVOO extraction, malaxation is crucial in determining both the yield and the overall quality of
the product, especially in terms of micro-components, i.e., phenolic compounds and tocopherols concentration. This step
consists of continually kneading the olive paste under controlled temperature and time conditions, which allows for a
significant reduction of olive paste viscosity, facilitating the subsequent separation in the decanter LEIL7ILE] Recent



studies have been attempting to improve olive oil processing with particular attention towards the malaxation step, through
the introduction of innovative technologies such as pulsed electric fields, microwaves, and ultrasound [19]20[21],

Among the various innovative technologies, ultrasound is particularly promising, with various applications in the food
industry, such as improving process speed, the possibility to assist food drying, cutting, and emulsification, improving the
extraction of bioactive compounds, inactivating food pathogens, and spoilage microorganisms, and to enhance or inhibit
enzymatic activity depending both on processing parameters and type of enzymes [221(23]124][25][26][27][28][29][30][31][32][33] 5
briefed in Table 1.

Table 1. The main applications of ultrasound in the food industry.

Application Food Matrix Ultrasound Power References
Cooking velocity Mortadella 301w 221
Freezing speed up Potatoes 270 W (23]
Fruit drying/dehydration Bananas/Apples 4000/4870 Wim?2 26127
Cutting Cheese 750 W 28]
Filtration Grape pomace extract 400 W [29]
Emulsification Nanoemulsions 450 W £y
Bioactives extraction Pomegranate/Tea 400/600 W (21132
Microbial inactivation Apple juice 600 W 3]
Enzyme inactivation/modulation Carrots/Lipases 400 W/2-21 Wicm? [24]125]

The olive oil industry has also been adapting the application of ultrasound technology within the field of oil production,
thanks to its effects on cell disruption. Among the various frequency ranges of ultrasound, high-power ultrasound (HPU)
treatments in the frequency range of 18-40 kHz are observed to cause cell wall mechanical damages and disruption in
vegetable tissues, thus promoting the release of soluble components and enhancing mass transfer 4351, The said effect
can be explained by the cavitation phenomena taking place during the HPU treatment of food products. Briefly, upon HPU
treatment cavitation, bubbles are produced in the vegetal tissues, which can increase in size until reaching a critical
volume. This results in their collapse and leads to very high local temperature and pressure, which creates turbulence in
the cavitation area named transient cavitation 8. This physical effect plays a key role in the disruption of cells
predominantly via cell wall damages, breaking, and pore formation in cell membranes B2, Concerning EVOO extraction,
cavitation can determine positive effects promoting the release of oil and micro-components, but could also have a
negative impact due to excessive heating L8[,

However, to the best of our knowledge, no attempts have been made to review recent literature on the effects of HPU on
olive oil extraction and processing. Thus, the aim of this review is to summarize the main studies performed in the past
five years (2016-till date) on the application of HPU in the extraction of olive oils and its effects on oil yield, legal quality,
chemical composition, sensory attributes, and consumer perception.

| 2. Effect of HPU on Olive Oil Yield and Extractability

Many studies have investigated the potential application of HPU to olive paste immediately after olive crushing and before
the malaxation step (Figure 1) with the objective of improving oil extraction yield from damaged cells [28I39[40][41][42][43][44]
Due to its mechanical and thermal effects attributed to acoustic cavitation, HPU provides the advantage of increasing both
the efficiency and working capacity with the opportunity to remove the bottleneck represented by malaxation, which is an
existing limiting factor for the continuity of the whole process 28],
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Figure 1. Flow chart of the olive oil production process with the HPU treatment implementation.

Rigane et al. 43 underlined that a HPU treatment of olive paste at 35 kHz previous to malaxation led to improved oil yield
(up to 20%, depending on experimental conditions), which reached the highest value after 10 min of treatment in the case
of both the two studied olive varieties (i.e., Chemlali and Memecik). Whereas, Juliano et al. ¥2 explored the possibility of
applying a double HPU treatment to olive paste immediately before and after malaxation, which allowed an additional
recovery of oil with respect to the single treatment. In another study, Servili et al. ¥4 evaluated the importance of
ultrasound pressure level in the treatment of olive paste between crushing and malaxation for four different olive cultivars.
The results underlined the necessity to reach a pressure of 3.5 bar in order to increase oil extractability, while lower
pressure treatments at 1.7 bar did not result in any significant improvement. The authors speculated that this difference
could be ascribed to the higher mechanical impact of HPU with respect to low-pressure ultrasound. Actually, a previous
study conducted on apples pointed out the possibility to identify an intensity threshold above which ultrasound-driven
mass transfer is significantly improved according to the specific application and product 221, A study by Iqdiam et al. &1l
demonstrated that HPU treatment significantly increases (p < 0.05) both oil yield and oil extractability index of 1.2 and
6.5%, respectively, compared to samples extracted through conventional malaxation. This improvement of oil extraction
efficiency was probably related to HPU-driven lysis of cell membranes due to acoustic cavitation. In another study 29, the
same author analyzed possible differences induced by HPU treatment time wherein, after 6 min of treatment the oil
extractability index increased by 5.6-5.7%, while further sonication up to 8 or 10 min did not result in any improvement.
The authors thus deduced that most cell damages are likely to occur within the first phases of treatment.

Bejaoui et al. 1839 obtained similar results, and the observed increase in oil yield was attributed to three main
phenomena. Firstly, HPU determines a slight temperature increase of olive paste, resulting in decreased viscosity and
better coalescence of oil droplets. This effect was particularly evident in the case of higher ultrasound frequencies.
Secondly, the propagation of ultrasonic waves to a solid medium leads to a series of fast compressions and expansions of
tissue which creates a movement described as the “sponge effect” 48, This effect was observed to facilitate the release of
liquids from damaged cells also via the creation of small channels. Thirdly, HPU-driven acoustic cavitation enhances the
mass transfer in a solid-liquid extraction process through cavitation bubbles collapse, causing shear effects and shock
waves, thereby provoking cell membranes microfractures and damages to the cell wall B247 The different mechanisms
through which HPU treatment improves olive oil yield, as discussed are summarized in Figure 2.
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Figure 2. The main effects of olive paste HPU treatment contributing to improve oil yield.

membrane and wall

Moreover, HPU processing can be combined and applied simultaneously with other novel technologies like microwave,
which significantly improves heat exchange and oil yield 48,

In conclusion, the examined literature indicates that the application of HPU to the olive oil production processing, and in
particular, to assist malaxation, tends to significantly improve oil yield and increase the oil extractability index due to the
coupled effects of both higher processing temperature and cavitation phenomena. However, considering the advantages
and potential effects on chemical constituents, the HPU treatment should be tailored to achieve the best oil yield, without
negatively affecting olive oil quality.



| 3. Effect of HPU on Olive Oil Quality and Chemical Composition

The objective of this section is to review the main literature on the impact of HPU treatment on olive oil parameters related
with legal quality and chemical composition.

3.1. Legal Quality Indices

Olive oil legal quality is determined by a series of parameters, as defined by International Olive Council 42, which are
used to determine olive oil quality category according to Regulation (EU) 2015/1830 59, Among these parameters free
acidity, peroxide value, and spectrophotometric indices (K3, and Ky7o concerning primary and secondary lipid oxidation,
respectively) are the most relevant in the literature concerning HPU processing of olive paste. None of these parameters

seem to be affected by the treatment B20A142144151152]  jyst one study reported a slight but significant increase of
peroxide value as a result of HPU treatment. However, such increase was underlined only in the case of treatments longer
than 6 min and did not represent an issue for the labeling of olive oil as EVOO 49,

3.2. Total Phenolic Content

Phenolic compounds present in olive oil are responsible for potent effects on health, as well as improvement of sensory
aspect by enhancing bitter and pungent notes [El58154] and are usually affected by processing and storage conditions.

In this regard, the results on comparison between phenolic content of oils produced through conventional and HPU-
assisted extraction published in literature are conflicting. In fact, most studies reported an increase in the concentration of
phenols achieved through HPU treatment BUESIEEl whereas several others did not underline significant effects on
phenols extraction 2258l \while another study stressed a reduction in the concentration of these compounds 29,

The increase of total phenolic compounds observed by Almeida et al. B9, who applied HPU after malaxation, was justified
by the collapse of acoustic cavitation bubbles, leading both to cell wall disruption, and therefore better release of
phenolics from the fruit mesocarp, and improvement of emulsifying capacity. Taticchi et al. B observed an increase of
approximately 10% of the phenolic content in oils extracted with HPU, which was attributed to the enhanced cell
degradation.

Another main factor that could account for the improvement of phenolic content through olive paste HPU treatment is the
inactivation of poly-phenoloxidase (PPO), which is responsible for the oxidative losses of phenolic compounds during
malaxation 5. However, PPO activity could also be increased during relatively short HPU treatments of lower power
since PPO works better as soon as the paste starts to be heated 58],

Igdiam et al. 9 noted a reduction of phenolic content after HPU treatment (approx. 20%) ascribed to ultrasound-induced
heating of the olive paste and to shear forces possibly provoking changes in the phenols chemical structure.

However, where observed, the increase in phenols concentration did not involve all phenolic compounds, but mainly some
secoiridoid derivatives such as p-HPEA-EDA and 3,4-DHPEA-EA, which are strictly related to hydroxytyrosol [BIEZI58],
This could be explained by the fact that the final concentration of these molecules is the result of a complex mixture of
mechanical, biochemical (enzymatic activity), and chemical (equilibrium between agqueous and oily phase) reactions which
are strictly affected by processing parameters (power, time and temperature of the treatment) 8. The chemical structures
of p-HPEA-EDA, 3,4-DHPEA-EA, and hydroxytyrosol are represented in Figure 3.
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Figure 3. Chemical structures of (A) p-HPEA-EDA, (B) 3,4-DHPEA-EA, and (C) hydroxytyrosol. The images were
obtained with Jmol viewer (69,



The effect of temperature is particularly debatable: on one hand, higher temperatures might determine the degradation of
phenolic compounds and enhance PPO activity leading to phenols degradation whereas, on the other hand, high
temperatures could improve the diffusion and solubility of polyphenols resulting in enhanced extraction rates [8],
Ultrasound power and treatment time are the main parameters involved in olive paste heating. An experiment performed
through response surface methodology confirmed the rigorous relationship existing between phenolic concentration and
the temperature reached during HPU treatment 64,

Furthermore, there are other factors not connected with HPU application that might determine important differences in the
phenols content of the extracted oils. The most important factor above all is the oxygen concentration in the headspace
during malaxation since it plays a key role in many enzymatic and non-enzymatic oxidation reactions 22, The variability in
the fruit used depending on olive cultivar, geographical origin, seasonality, and harvesting time is another main factor that
should be considered, as not all phenolic compounds undergo the same changes during HPU treatments B,

Finally, the different analytical techniques used for total phenols determination should be considered since they could
affect the final result. In fact, in some of the cited studies, total phenolic content was determined through the Folin-
Ciocalteu method, while in others as a sum of the areas of the chromatographic peaks found through HPLC analysis. This
is clearly a significant factor because it is possible that not all phenolics were included. Moreover, some interferents were
highlighted in the case of Folin-Ciocalteu assay, such as ascorbic acid €2, possibly leading to an overestimation of total
phenol content. These aspects make more difficult a comparison between the different studies.

3.3. Lipid Stability and Fatty Acid Composition

Lipid oxidation is the principal factor limiting the shelf life of olive oils, which are generally quite stable to autoxidation
phenomena due to the high content of monounsaturated fatty acids and minor compounds, i.e., phenolics and tocopherols
showing antioxidant activity 181681 HPU treatment of olive oils does not seem to significantly modify their oxidative stability
(16]1391(63] - However, few works underlined some differences between the lipid oxidation rates of oils obtained through
conventional and HPU-assisted extraction. Specifically, Rigane et al. 48] highlighted an HPU-driven increase in the
induction time which was justified through the enhanced content of antioxidants that were more easily extracted from the
paste after HPU treatment. In contrast, Iqdiam et al. 9 registered a decrease in the induction time attributed to paste
heating during HPU treatment (20 kHz), leading to the degradation of micro-components with antioxidant activity and to
lipid autoxidation ©4l. However, this decrease in lipid stability was observed only in the case of treatments longer than 8
min, while no significant effects were observed for shorter treatment times. This corroborates the importance of
processing parameters on paste heating, including ultrasound power and treatment time, thereby justifying the observed
discrepancies in literature.

HPU treatment of high-unsaturated fatty acid foods is generally problematic since those fatty acids are more susceptible
to autoxidation €2, Nevertheless, Chemat et al. (68 applied HPU to the extraction of various vegetable oils at a
temperature lower than 20 °C demonstrating that this drawback mainly involves oils with a high content of polyunsaturated
fatty acids (e.g., sunflower and corn oils). In fact, they were severely degraded due to HPU, developing off-flavors. On the
contrary, oils rich in monounsaturated fatty acids (olive and peanut) were not affected.

With regard to olive oil fatty acid composition, it is generally not affected by HPU treatment B3l Bejaoui et al. B2
observed some significant differences between HPU and conventionally extracted oils, but they concluded that such
discrepancies were likely due to the variability in fruits of Picual variety, since lipid composition is affected also by
agronomical practices 7,

3.4. Volatile Compounds and Sensory Properties

Most of the volatile compounds that characterize olive oils are produced during malaxation due to the activation of specific
pathways, among which the lipoxygenase enzyme (LOX) takes on great importance generating a wide range of C6
aldehydes, alcohols, and esters, accounting for most of the positive sensory notes of olive oils. Such modifications are
triggered when olive fruit tissues are damaged, thus facilitating the release of endogenous enzymes such as lipoxygenase
and hydroperoxide lyase [68l,

In this regard, Bejaoui et al. BAE] studied the effect of HPU-assisted extraction on the concentration of olive oil volatile
compounds and concluded that HPU treatment did not alter its volatile profile in terms of both LOX and non-LOX
products. The pungent, bitter, and fruity sensory notes of the oils were not negatively affected by the treatment, and the
produced oils showed a more harmonic and equilibrated profile.



Other studies pointed out some differences between the volatile and sensory profiles of oils obtained through conventional
and HPU-assisted extraction. Almeida et al. 22 observed an improved activity of the enzymes belonging to the LOX
pathway after HPU treatment, leading to an increase of C5 alcohols. This result was justified by HPU-driven modulation of
endogenous enzymes, through changes in protein conformation and, as a result, an increased affinity for substrates.
Thus, the treatment determined a marked increase in pungency and bitterness of the oils, because of the improved
phenolic content and fruitiness, due to the increased activity of LOX enzymes.

A decrease in the concentration of volatile compounds after HPU treatment could also occur, depending on processing
conditions, i.e., ultrasound power and treatment time. A decrease in C5 and C6 aldehydes of approx. 5% following HPU
treatment was reported by Taticchi et al. B, which was ascribed to partial inactivation of the enzymes belonging to the
LOX pathway as a result of the physical effects of cavitation. In this regard, a key parameter is the treatment time, for
which a recent study 2 underlined no significant changes in the volatile fraction up to 30 min of HPU treatment at 40
kHz, while a significant decrease was observed after 60 min due to further heating of olive paste during malaxation.

3.5. Other Physico-Chemical and Chemical Characteristics

Regarding total tocopherols, some studies report an increase achieved with HPU treatment (approx. 20%), mainly
involving a-tocopherols (up to 50%) 2953, This effect was caused by acoustic cavitation, which improves mass transfer in
both liquid and solid foods. In fact, in HPU-treated solid media, both internal and external mass transfer is improved by the
dissipation of acoustic energy and ultrasonic waves-induced mechanical stirring, respectively. The former leads to
temperature rise, while the latter reduces boundary layer thickness 9. However, also other mechanisms seem to be
involved, such as the generation of microjets due to the asymmetric implosion of acoustic cavitation bubbles 43 and the
formation of microchannels decreasing the resistance to water transfer 28, On the other hand, a work by Almeida et al. 52!
highlighted a decrease in total tocopherols after HPU treatment. The authors concluded that these compounds could have
undergone ultrasound-induced degradation by thermolysis, or oxidation phenomena triggered by the generation of free
radicals during the treatment.

The concentration of pigments (i.e., carotenoids and chlorophylls) is positively affected by HPU application BB \ith
an increase in percentage, which mainly depends on the extent of cell membrane damages achieved through the
treatment. It is likely that this widely documented increase in pigments, together with the reduction of oil turbidity level
achieved with HPU treatment of the paste, determines the color changes observed by Taticchi et al. 1. They noted that
oils extracted through HPU had higher values of lightness (L*) and higher intensity of greenness (a*) and yellowness (b*).
The Euclidean distance (AE*) between oils produced through conventional and HPU-assisted extraction in the CIELab
color space, was 5.76 indicating that the color difference can be easily perceived by the human eye.

In conclusion, the impact of HPU on olive oil quality and chemical composition is not univocal, especially in the case of
micro-components, i.e., polyphenols, tocopherols, and volatile compounds. However, these contrasting results primarily
depend on the complexity of physical and biochemical mechanisms involved in the transformations occurring during olive
oil production and on the wide variety of processing parameters, such as ultrasound power, temperature, and time of
treatment, as well as on variables that are not strictly related with HPU application, such as oxygen concentration in the
headspace during malaxation, olive variety and climate. Thus, a HPU treatment could be designed in order to improve the
final content of antioxidants and volatile compounds through enhanced extraction, limiting oxidative and thermal losses.
As many discrepancies were found in the literature regarding the effects of HPU on olive oil nutritional and sensory quality,
Table 2 is an attempt to resume the results observed in the principal studies.

Table 2. Impact of HPU-assisted extraction on olive oil phenolic and volatile compounds concentration, as compared to
traditional extraction procedure.

g:::;?var g:g:j:::; (kHz) Treatment Time (min) Phenolic Compounds \C/(:)Ir:tpi:zun ds References
Picual 40 10-40 ! o [39]
Ogliarola 20 10-30 1 ! [51]
Picual 20-80 30 1 - [57]
Carolea 25 15 t 1 59
Arbequina ! !
40 10-60 [63]

Picual o !




References

1.

10.

11.

12.

13.

14

15.

16.

17.

18.

19.

20.

21.

Mazzocchi, A.; Leone, L.; Agostoni, C.; Pali-Schéll, I. The secrets of the mediterranean diet. Does olive oil matter?
Nutrients 2019, 11, 2941.

. Gerber, M.; Hoffman, R. The Mediterranean diet: Health, science and society. Br. J. Nutr. 2015, 113, S4-S10.

. Vilarnau, C.; Stracker, D.M.; Funtikov, A.; da Silva, R.; Estruch, R.; Bach-Faig, A. Worldwide adherence to

Mediterranean Diet between 1960 and 2011. Eur. J. Clin. Nutr. 2019, 72, 83-91.

. Widmer, R.J.; Flammer, A.J.; Lerman, L.O.; Lerman, A. The Mediterranean Diet, its Components, and Cardiovascular

Disease. Am. J. Med. 2015, 128, 229-238.

. Willett, W.C.; Sacks, F.; Trichopoulou, A.; Drescher, G.; Ferro-Luzzi, A.; Helsing, E.; Trichopoulos, D. Mediterranean

diet pyramid: A cultural model for healthy eating. Am. J. Clin. Nutr. 1995, 61, 1402S-1406S.

. Gavahian, M.; Mousavi Khaneghah, A.; Lorenzo, J.M.; Munekata, P.E.S.; Garcia-Mantrana, I.; Collado, M.C.;

Meléndez-Martinez, A.J.; Barba, F.J. Health benefits of olive oil and its components: Impacts on gut microbiota
antioxidant activities, and prevention of noncommunicable diseases. Trends Food Sci. Technol. 2019, 88, 220-227.

. George, E.S.; Marshall, S.; Mayr, H.L.; Trakman, G.L.; Tatucu-Babet, O.A.; Lassemillante, A.C.M.; Bramley, A.; Reddy,

A.J.; Forsyth, A.; Tierney, A.C.; et al. The effect of high-polyphenol extra virgin olive oil on cardiovascular risk factors: A
systematic review and meta-analysis. Crit. Rev. Food Sci. Nutr. 2019, 59, 2772—-2795.

. Loffredo, L.; Perri, L.; Nocella, C.; Violi, F. Antioxidant and antiplatelet activity by polyphenol-rich nutrients: Focus on

extra virgin olive oil and cocoa. Br. J. Clin. Pharmacol. 2017, 83, 96-102.

. Romani, A.; leri, F.; Urciuoli, S.; Noce, A.; Marrone, G.; Nediani, C.; Bernini, R. Health Effects of Phenolic Compounds

Found in extra-virgin olive oil, by-products, and leaf of Olea europaea L. Nutrients 2019, 11, 1776.

de Souza, P.A.L.; Marcadenti, A.; Portal, V.L. Effects of olive oil phenolic compounds on inflammation in the prevention
and treatment of coronary artery disease. Nutrients 2017, 9, 1087.

Luque-Sierra, A.; Alvarez-Amor, L.; Kleemann, R.; Martin, F.; Varela, L.M. Extra-Virgin Olive Oil with Natural Phenolic
Content Exerts an Anti-Inflammatory Effect in Adipose Tissue and Attenuates the Severity of Atherosclerotic Lesions in
LdIr—/-.Leiden Mice. Mol. Nutr. Food Res. 2018, 62, 1800295.

Violi, F.; Loffredo, L.; Pignatelli, P.; Angelico, F.; Bartimoccia, S.; Nocella, C.; Cangemi, R.; Petruccioli, A.; Monticolo, R.;
Pastori, D.; et al. Extra virgin olive oil use is associated with improved post-prandial blood glucose and LDL cholesterol
in healthy subjects. Nutr. Diabetes 2015, 5, e172-7.

Rubio-Senent, F.; de Roos, B.; Duthie, G.; Fernandez-Bolafos, J.; Rodriguez-Gutiérrez, G. Inhibitory and synergistic
effects of natural olive phenols on human platelet aggregation and lipid peroxidation of microsomes from vitamin E-
deficient rats. Eur. J. Nutr. 2015, 54, 1287-1295.

. di Francesco, A.; Falconi, A.; di Germanio, C.; Micioni Di Bonaventura, M.V.; Costa, A.; Caramuta, S.; Del Carlo, M.;

Compagnone, D.; Dainese, E.; Cifani, C.; et al. Extravirgin olive oil up-regulates CB1 tumor suppressor gene in human
colon cancer cells and in rat colon via epigenetic mechanisms. J. Nutr. Biochem. 2015, 26, 250-258.

Kalogianni, E.P.; Georgiou, D.; Hasanov, J.H. Olive Oil Processing: Current Knowledge, Literature Gaps, and Future
Perspectives. JAOCS J. Am. Oil Chem. Soc. 2019, 96, 481-507.

Bejaoui, M.A.; Sdnchez-Ortiz, A.; Sdnchez, S.; Jiménez, A.; Beltrdn, G. The high power ultrasound frequency: Effect on
the virgin olive oil yield and quality. J. Food Eng. 2017, 207, 10-17.

Clodoveo, M.L.; Hachicha Hbaieb, R. Beyond the traditional virgin olive oil extraction systems: Searching innovative
and sustainable plant engineering solutions. Food Res. Int. 2013, 54, 1926-1933.

Kalua, C.M.; Bedgood, D.R.; Bishop, A.G.; Prenzler, P.D. Changes in volatile and phenolic compounds with malaxation
time and temperature during virgin olive oil production. J. Agric. Food Chem. 2006, 54, 7641-7651.

Caponio, F.; Leone, A.; Squeo, G.; Tamborrino, A.; Summo, C. Innovative technologies in virgin olive oil extraction
process: Influence on volatile compounds and organoleptic characteristics. J. Sci. Food Agric. 2019, 99, 5594-5600.

Leone, A.; Tamborrino, A.; Romaniello, R.; Zagaria, R.; Sabella, E. Specification and implementation of a continuous
microwave-assisted system for paste malaxation in an olive oil extraction plant. Biosyst. Eng. 2014, 125, 24-35.

Veneziani, G.; Esposto, S.; Taticchi, A.; Selvaggini, R.; Sordini, B.; Lorefice, A.; Daidone, L.; Pagano, M.; Tomasone, R.;
Servili, M. Extra-Virgin Olive Oil Extracted Using Pulsed Electric Field Technology: Cultivar Impact on Oil Yield and
Quality. Front. Nutr. 2019, 6, 1-8.



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

da Silva, J.S.; Voss, M.; de Menezes, C.R.; Barin, J.S.; Wagner, R.; Campagnol, P.C.B.; Cichoski, A.J. Is it possible to
reduce the cooking time of mortadellas using ultrasound without affecting their oxidative and microbiological quality?
Meat Sci. 2020, 159, 107947.

Zhu, Z.; Zhang, P.; Sun, D.W. Effects of multi-frequency ultrasound on freezing rates and quality attributes of potatoes.
Ultrason. Sonochem. 2020, 60, 104733.

Gamboa-Santos, J.; Montilla, A.; Soria, A.C.; Villamiel, M. Effects of conventional and ultrasound blanching on enzyme
inactivation and carbohydrate content of carrots. Eur. Food Res. Technol. 2012, 234, 1071-1079.

Nadar, S.S.; Rathod, V.K. Encapsulation of lipase within metal-organic framework (MOF) with enhanced activity
intensified under ultrasound. Enzyme Microb. Technol. 2018, 108, 11-20.

Fernandes, F.A.N.; Rodrigues, S. Ultrasound as pre-treatment for drying of fruits: Dehydration of banana. J. Food Eng.
2007, 82, 261-267.

Nowacka, M.; Wiktor, A.; Sledz, M.; Jurek, N.; Witrowa-Rajchert, D. Drying of ultrasound pretreated apple and its
selected physical properties. J. Food Eng. 2012, 113, 427-433.

Yildiz, G.; Rababah, T.M.; Feng, H. Ultrasound-assisted cutting of cheddar, mozzarella and Swiss cheeses—Effects on
quality attributes during storage. Innov. Food Sci. Emerg. Technol. 2016, 37, 1-9.

Liu, D.; Vorobiev, E.; Savoire, R.; Lanoisellé, J.L. Comparative study of ultrasound-assisted and conventional stirred
dead-end microfiltration of grape pomace extracts. Ultrason. Sonochem. 2013, 20, 708-714.

Shao, Y.; Wu, C.; Wu, T,; Li, Y.; Chen, S.; Yuan, C.; Hu, Y. Eugenol-chitosan nanoemulsions by ultrasound-mediated
emulsification: Formulation, characterization and antimicrobial activity. Carbohydr. Polym. 2018, 193, 144-152.

Sharayei, P.; Azarpazhooh, E.; Zomorodi, S.; Ramaswamy, H.S. Ultrasound assisted extraction of bioactive compounds
from pomegranate (Punica granatum L.) peel. LWT 2019, 101, 342-350.

Horzi¢, D.; Jambrak, A.R.; Bel§¢ak-Cvitanovi¢, A.; Komes, D.; Lelas, V. Comparison of Conventional and Ultrasound
Assisted Extraction Techniques of Yellow Tea and Bioactive Composition of Obtained Extracts. Food Bioprocess
Technol. 2012, 5, 2858-2870.

Gabriel, A.A. Microbial inactivation in cloudy apple juice by multi-frequency Dynashock power ultrasound. Ultrason.
Sonochem. 2012, 19, 346-351.

Cravotto, G.; Boffa, L.; Mantegna, S.; Perego, P.; Avogadro, M.; Cintas, P. Improved extraction of vegetable oils under
high-intensity ultrasound and/or microwaves. Ultrason. Sonochem. 2008, 15, 898—-902.

Jadhav, A.J.; Holkar, C.R.; Goswami, A.D.; Pandit, A.B.; Pinjari, D.V. Acoustic Cavitation as a Novel Approach for
Extraction of Oil from Waste Date Seeds. ACS Sustain. Chem. Eng. 2016, 4, 4256-4263.

Bermudez-Aguirre, D.; Mobbs, T.; Barbosa-Canovas, G.V. Ultrasound applications in food processing. In Ultrasound
Technologies for Food and Bioprocessing; Feng, H., Barbosa-Canovas, G.V., Weiss, J., Eds.; Springer: New York, NY,
USA, 2011; pp. 65-105.

de Sé&o José, J.F.B.; Andrade, N.J.; de Ramos, A.M.; Vanetti, M.C.D.; Stringheta, P.C.; Chaves, J.B.P. Decontamination
by ultrasound application in fresh fruits and vegetables. Food Control 2014, 45, 36-50.

Amirante, R.; Distaso, E.; Tamburrano, P.; Paduano, A.; Pettinicchio, D.; Clodoveo, M.L. Acoustic cavitation by means
ultrasounds in the extra virgin olive oil extraction process. Energy Procedia 2017, 126, 82—90.

Bejaoui, M.A.; Beltran, G.; Aguilera, M.P.; Jimenez, A. Continuous conditioning of olive paste by high power
ultrasounds: Response surface methodology to predict temperature and its effect on oil yield and virgin olive olil
characteristics. LWT Food Sci. Technol. 2016, 69, 175-184.

Igdiam, B.M.; Mostafa, H.; Goodrich-Schneider, R.; Baker, G.L.; Welt, B.; Marshall, M.R. High Power Ultrasound:
Impact on Olive Paste Temperature, Malaxation Time, Extraction Efficiency, and Characteristics of Extra Virgin Olive
Oil. Food Bioprocess Technol. 2018, 11, 634—644.

Igdiam, B.M.; Abuagela, M.O.; Marshall, S.M.; Yagiz, Y.; Goodrich-Schneider, R.; Baker, G.L.; Welt, B.A.; Marshall,
M.R. Combining high power ultrasound pre-treatment with malaxation oxygen control to improve quantity and quality of
extra virgin olive oil. J. Food Eng. 2019, 244, 1-10.

Juliano, P.; Bainczyk, F.; Swiergon, P.; Supriyatna, M.l.M.; Guillaume, C.; Ravetti, L.; Canamasas, P.; Cravotto, G.; Xu,
X.Q. Extraction of olive oil assisted by high-frequency ultrasound standing waves. Ultrason. Sonochem. 2017, 38, 104—
114.

Rigane, G.; Yahyaoui, A.; Acar, A.; Mnif, S.; Salem, R.B.; Arslan, D. Change in some quality parameters and oxidative
stability of olive oils with regard to ultrasound pretreatment, depitting and water addition. Biotechnol. Rep. 2020, 26, 4—
9.



44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Servili, M.; Veneziani, G.; Taticchi, A.; Romaniello, R.; Tamborrino, A.; Leone, A. Low-frequency, high-power ultrasound
treatment at different pressures for olive paste: Effects on olive oil yield and quality. Ultrason. Sonochem. 2019, 59,
104747.

Cércel, J.A.; Benedito, J.; Rosselld, C.; Mulet, A. Influence of ultrasound intensity on mass transfer in apple immersed
in a sucrose solution. J. Food Eng. 2007, 78, 472-479.

Kentish, S.; Ashokkumar, M. The physical and chemical effects of ultrasound. In Ultrasound Technologies for Food and
Bioprocessing; Feng, H., Barbosa-Canovas, G.V., Weiss, J., Eds.; Springer: New York, NY, USA, 2011; pp. 1-12.

Ashokkumar, M. The characterization of acoustic cavitation bubbles—An overview. Ultrason. Sonochem. 2011, 18,
864-872.

Tamborrino, A.; Romaniello, R.; Caponio, F.; Squeo, G.; Leone, A. Combined industrial olive oil extraction plant using
ultrasounds, microwave, and heat exchange: Impact on olive oil quality and yield. J. Food Eng. 2019, 245, 124-130.

IOC (INTERNATIONAL OLIVE COUNCIL). Trade standard applying to olive oils and olive pomace oils. Int. Olive
Counc. 2019, 15, 1-17.

European Commission Implementing Regulation (EU) no 299/2013 of March 2013 Amending Regulation (EEC) no.
2568/91 on the Characteristics of Olive Oil and Olive-Residue Oil and on the Relevant Methods of Analysis. Off. J. Eur.
Union 2013, 90, 52—70. Available online: https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?
uri=0J:L:2013:090:0052:0070:EN:PDF (accessed on 27 October 2021).

Taticchi, A.; Selvaggini, R.; Esposto, S.; Sordini, B.; Veneziani, G.; Servili, M. Physicochemical characterization of virgin
olive oil obtained using an ultrasound-assisted extraction at an industrial scale: Influence of olive maturity index and
malaxation time. Food Chem. 2019, 289, 7-15.

Clodoveo, M.L.; Durante, V.; La Notte, D. Working towards the development of innovative ultrasound equipment for the
extraction of virgin olive oil. Ultrason. Sonochem. 2013, 20, 1261-1270.

Artajo, L.S.; Romero, M.P.; Morelld, J.R.; Motilva, M.J. Enrichment of refined olive oil with phenolic compounds:
Evaluation of their antioxidant activity and their effect on the bitter index. J. Agric. Food Chem. 2006, 54, 6079-6088.

Dierkes, G.; Krieger, S.; Dick, R.; Bongartz, A.; Schmitz, O.J.; Hayen, H. High-performance liquid chromatography-
mass spectrometry profiling of phenolic compounds for evaluation of olive oil bitterness and pungency. J. Agric. Food
Chem. 2012, 60, 7597-7606.

Clodoveo, M.L.; Paduano, A.; Di Palmo, T.; Crupi, P.; Moramarco, V.; Distaso, E.; Tamburrano, P.; Amirante, R.; Sacchi,
R.; Corbo, F; et al. Engineering design and prototype development of a full scale ultrasound system for virgin olive oil
by means of numerical and experimental analysis. Ultrason. Sonochem. 2017, 37, 169-181.

Del Coco, L.; Girelli, C.R.; Angile, F.; Mascio, |.; Montemurro, C.; Distaso, E.; Tamburrano, P.; Chiurlia, S.; Clodoveo,
M.L.; Corbo, F.; et al. NMR-based metabolomic study of Apulian Coratina extra virgin olive oil extracted with a
combined ultrasound and thermal conditioning process in an industrial setting. Food Chem. 2021, 345, 128778.

Bejaoui, M.A.; Sanchez-Ortiz, A.; Aguilera, M.P.; Ruiz-Moreno, M.J.; Sanchez, S.; Jiménez, A.; Beltran, G. High power
ultrasound frequency for olive paste conditioning: Effect on the virgin olive oil bioactive compounds and sensorial
characteristics. Innov. Food Sci. Emerg. Technol. 2018, 47, 136-145.

Yahyaoui, A.; Rigane, G.; Mnif, S.; Salem, R.B.; Acar, A.; Arslan, D. Ultrasound Technology Parameters: Effects on
Phenolics in Olive Paste and Oil in Relation to Enzymatic Activity. Eur. J. Lipid Sci. Technol. 2019, 121, 1800295.

Almeida, B.; Valli, E.; Bendini, A.; Gallina Toschi, T. Semi-industrial ultrasound-assisted virgin olive oil extraction: Impact
on quality. Eur. J. Lipid Sci. Technol. 2017, 119, 1600230.

Jmol: An Open-Source Java Viewer for Chemical Structures in 3D. Available online: http://www.jmol.org/ (accessed on
22 October 2021).

Chanioti, S.; Tzia, C. Optimization of ultrasound-assisted extraction of oil from olive pomace using response surface
technology: Oil recovery, unsaponifiable matter, total phenol content and antioxidant activity. LWT Food Sci. Technol.
2017, 79, 178-189.

Lester, G.E.; Lewers, K.S.; Medina, M.B.; Saftner, R.A. Comparative analysis of strawberry total phenolics via Fast
Blue BB vs. Folin-Ciocalteu: Assay interference by ascorbic acid. J. Food Compos. Anal. 2012, 27, 102-107.

Gila, A.; Sanchez-Ortiz, A.; Jiménez, A.; Beltran, G. The ultrasound application does not affect to the thermal properties
and chemical composition of virgin olive oils. Ultrason. Sonochem. 2021, 70, 105320.

Mancebo-Campos, V.; Salvador, M.D.; Fregapane, G. Antioxidant capacity of individual and combined virgin olive oil
minor compounds evaluated at mild temperature (25 and 40 C) as compared to accelerated and antiradical assays.
Food Chem. 2014, 150, 374-381.



65. Gardner, H.W. Oxygen radical chemistry of polyunsaturated fatty acids. Free Radic. Biol. Med. 1989, 7, 65-86.

66. Chemat, F.; Grondin, I.; Costes, P.; Moutoussamy, L.; Sing, A.S.C.; Smadja, J. High power ultrasound effects on lipid
oxidation of refined sunflower oil. Ultrason. Sonochem. 2004, 11, 281-285.

67. Beltran, G.; Del Rio, C.; Sanchez, S.; Martinez, L. Influence of harvest date and crop yield on the fatty acid composition
of virgin olive oils from cv. Picual. J. Agric. Food Chem. 2004, 52, 3434-3440.

68. Kalua, C.M.; Allen, M.S.; Bedgood, D.R.; Bishop, A.G.; Prenzler, P.D.; Robards, K. Olive oil volatile compounds, flavour
development and quality: A critical review. Food Chem. 2007, 100, 273-286.

69. Yao, Y. Enhancement of mass transfer by ultrasound: Application to adsorbent regeneration and food
drying/dehydration. Ultrason. Sonochem. 2016, 31, 512-531.

Retrieved from https://encyclopedia.pub/entry/history/show/38882



