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In this work, ultrasound (US) and pulsed electric fields (PEF) were tested in an industrial olive oil mill. Olives of 
the cultivar Coratina were processed in a comparative mode, between a traditional process and an innovative 
process (involving US and PEF). The use of US in addition to the traditional malaxation process led to a 
significant improvement in extraction yield. PEF also showed a positive effect on extraction yield. 
The experiments showed the ability of US and PEF to modify the medium, with a consequent increase in the 
release of oil from cellular vacuoles. The results suggest that research should continue in this direction, by 
planning other several tests to optimise the machines’ functionality to improve the whole olive oil extraction 
process. 

1. Introduction 

An important parameter in the oil extraction process, alongside oil quality, is oil yield. Generally, using the 
current technologies and despite continuous innovations, the extractability ranges between 80%–90%, as part 
of the oil is lost into the pomace and waste water, i.e. approximately 10%–20% Altieri et al. (2013) performed 
tests on a decanter modifying the discharge levels of oil and water to optimize the extractability. Tamborrino et 
al. (2015) studied the influence of the differential rotation between bowl and screw of a decanter on the 
extractability. Other studies were performed to assess the influence of the crushing phase on the olive oil 
extraction, in the way to improve the yield and quality of oil (Leone et al., 2015).  
To reduce oil loss in by-products, recently, several studies on the extra virgin olive oil (EVOO) extraction 
process have focused on treatment of olive paste by mild physical technologies, such as low-frequency US, 
high-frequency US, and PEF, to achieve a positive impact on the extractability of the decanter. 
Low-frequency US was proposed for olive paste conditioning (Jimenez et al., 2006; Jimenez et al., 2007). The 
authors observed that the oil quality parameters were not affected, and that there was an improvement of the 
oil extractability.  
Bejaoui et al., 2016 and Bejaoui et al., 2017 demonstrated that a sonication treatment improved the oil yield, 
and did not cause alteration of oil quality indexes or volatile compounds. 
The application of high-frequency US has been studied in Juliano et al. (2017a). In (Juliano et al. 2017b), a 
megasonic prototype was installed in a small olive oil extraction plant to treat a conditioned paste post-
malaxation, working at 300 kg h-1. The extractability value increased up to 1.7%.  
Guderjan, Töpfl, Angersbach, and Knorr (2005) studied the application of a PEF to assist in olive oil extraction, 
working at a laboratorial scale to perform preliminary tests on the potential of this system, and increased the 
oil extraction yield to 7.4%. Abenoza et al. (2013) remarked on the potential of a PEF on the olive oil extraction 
yield and oil quality, using a laboratory-scale olive oil extraction system. 
Recently, Puértolas et al. (2015) asserted that PEF technology yielded an additional 2.66 kg of olive oil per 
100 kg of processed olives, improving the oil extraction yield by 13.3%, with respect to a control experiment. In 
parallel, studies on qualitative aspects of olive oil were carried out, considering different points of view. 
Giovenzana et al. (2015) studied a system based on Vis/nir technology to assess the olive quality in 
continuous mode before the processing. Caleca et al. (2017) investigated on a quality limits of the olive oil 
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produced by olives attacked by Bactrocera Olivae. The aim of this study regards the introduction of US and 
PEF technologies in an industrial olive oil mechanical extraction plant, and the evaluation of their influence on 
the yield and rheological characteristics of olive paste. 

2. Materials and Methods 

For the experiment, plain olives of the Coratina cultivar were used. The olives were mechanically harvested 
near Foggia in the Puglia region. A maturity index (MI) was determined according to the method by Uceda et 
al.  in 1975, based on a skin colour evaluation. The MI of the olives used for the US trials was 2.8, and the MI 
used for the PEF trials was 2.6. The olives were processed in an industrial extraction plant constituted by a 
leaf removing machine, washing machine, partial destoner machine (mod. Moliden; Pietro Leone e Figli s.n.c., 
Foggia, Italy), a group of six open malaxers, a 3-phase decanter (mod. NX X32; Alfa Laval Corporate AB), and 
two vertical plate centrifuges (mod. UVPX 507; Alfa Laval Corporate AB). To this standard configuration, two 
innovative machines were added in the process: a) a low-frequency US machine; and b) a PEF machine. 
These machines were placed between the partial destoner machine and the malaxers, working alternately 
from one another. 

2.1 Specifications of the ultrasound (US) machine 

The US machine used for the experiments was developed by Hielscher Ultrasonics GmbH (Teltow, Germany). 
A stainless-steel cabinet encloses the system, which comprises a power supply, a US generator, and a 
transducer (CascatrodeTM Hielscher Ultrasonics GmbH) having a titanium tip connected to it. The generator 
and transducer were placed vertically in a stainless-steel tube, which the olive paste also moves through 
(Figure 1). The total power applied to the system was 4 kW. A programmable logic controller (PLC) controlled 
all of the machine’s parameters: pressure, temperature, frequency, and amplitude. The latter can be set from 
60 to 100 %, corresponding to 18 and 30 μm, by acting on the touch screen of the PLC (Figure 2). During the 
trials, the amplitude value was set to 100%. The pressure value was set to approximately 3.1 bar. A 
pneumatic valve placed at the outlet of the US machine controlled the pressure value in a CascatrodeTM cell. 

 

Figure 1: Ultrasound (US) machine, detail of cell flow, US probe and flow direction. 
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2.2 Specifications of the pulsed electric field (PEF) machine. 

The PEF machine was an industrial prototype version, developed by KEA-TEC Gmbh (Figure 3). The cell was 
composed of a tube in which an electrode was placed. The olive paste passed through the tube, and was 
subjected to the PEF. The parameters of PEF machine were: 
Electric power: 0.2 kJ/pulse x 25 Hz = 5 kJ/sec = 5 kW; 
pulse duration (50 %): 100 µsec; 
pulse voltage: 16 kV (max.); 
Pulse power: 2.3 MW; and 
Nominal mass flow rate: 2200 kg h-1. 
 

 

Figure 2: Details of the pulsed electric field (PEF) cell and flow direction 

2.3 Rheological determinations 

The olive paste samples, obtained using two different crushing machines, were subjected to rheological 
analysis through a Brookfield rotational remoter model DV2-HBT (Brookfield Engineering Laboratories, INC, 
Stoughton, MA, USA) equipped with interchangeable disc spindles, 2–7 (model RV/HA/HB; Brookfield DVII + 
Brookfield Engineering laboratories). 
Three replicate trials were performed for each sample. 

2.4 Quantitative index determinations 

The oil content in the processed olives was determined by taking aliquots of olive paste from each olive batch.  
The oil extractability (E) was calculated using the following equation: 

 (1) 

In the above, Woil is the mass of the extracted oil (kg), and Wtotal oil is the oil mass present in the processed 
olive batch (kg). 

E =
W

oil

W
total oil

⋅100
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2.5. Experimental design 

Each trial was replicated four times, using a homogenous olive batch divided into different sub-batches of 600 
kg each. The trials were denoted as follows: 
Control: olive oil extraction using the traditional technology; 
US: olive oil extraction using low-frequency US treatment after olive crushing, followed by the traditional 
operations; and 
PEF: olive oil extraction using PEF treatment after olive crushing, followed by the traditional operations. 
An equal number of trials were executed for the control test and US/PEF treatments. 
The process parameters for each test were: (1) malaxation time = 30 min; (2) malaxation temperature = 27 
°C;  (3) plant mass flow rate = 2200 kg h-1; and (4) water added to the decanter = 10 % of the processed 
olives’ weight. 

2.6. Statistical analysis 

Statistical analysis was performed using the statistical toolbox of Matlab (The Matworks inc., MA, USA). 
ANOVA and Tuckey test was used to determine the significance in difference between groups of experimental 
data at p<0.05. 

3. Results and Discussion 

Prior to the experimental test, the machine was tested to understand its behaviour during olive paste 
processing. The electric power resulted in stability over time, including in the pressure around the 
CascatrodeTM. This confirms that the US machine used herein fits perfectly in an industrial extraction line. 
The mean electric power adsorbed by the generator was approximately 4.0 kW, relative to an operative 
pressure of 3.1 bar. The US treatments showed significant differences in terms of extraction yield (Y) and E 
(Tab. 1) with respect to the control test. This confirms the positive effect of the low-frequency US on the olive 
pastes as reported in Taticchi et al. 2019 where the impact of a high-power ultrasound technology on the oil 
quality and yield were studied using olives at three different ripening stages. At the same maturity index 
ultrasound system showed an increase of the same level of yield. This result is also in accordance with 
Bejaoui et al. (2016). In addition, the use of the CascatrodeTM permitted a homogeneous contact with the olive 
paste, and represents a good solution for US treatments. 

Table 1 Mean quantitative data of the experimental tests 

Treatment Y (%)  E (%)  
 Control Treatment Control Treatment 
US  10.11 ± 0.19 b 10.65 ± 0.45 a 82.98 ± 0.41 b 86.52 ± 0.98 a 
PEF 8.20 ± 0.14 b 8.58 ± 0.10 a 78.38 ± 1.54 b 82.09 ± 1.98 a 

Different letters in the row, for each of the two parameters Y and E, denote statistically significant differences 
at p<0.05 
 
As in the US trials, PEF technology was applied in addition to the standard technology. Using the PEF 
technology, resulted in significant differences in Y and E from those obtained by the traditional process. The 
comparison of the two sets of data (control and PEF) showed a lower standard deviation in the Y and E 
measurements, evidencing the effectiveness of the differences between the PEF-treated pastes and 
traditional pastes. These results confirm as reported in Puértolas et al. 2018 where the authors found that 
pulsed electric field technology yielded an additional 2.66 kg of olive oil per 100 kg of processed olives, 
improving the oil extraction yield by 13.3 %, respect to the control. 
This confirms that the mechanical waves and electric pulses provided by US and PEF, respectively, have a 
positive effect on olive paste, permitting an increase in the oil released from vacuoles. 
In Figure 4, the apparent viscosities of the olive pastes obtained after the treatment with the two different 
technologies, as compared to the control, are shown. The apparent viscosity shows a similar trend for the 
crushed olive paste (control) and the pastes after the US and PEF treatments. As shown in Figure 4, although 
the trend of apparent viscosity of US- and PEF-treated pastes resulted in a lower value than the value of non-
treated olive paste, the values didn’t show statistical differences at p<0.05. This probably caused by the small 
amount of time for treatment (approximately 3 sec). 
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Figure 3: Effect of shear rate on apparent viscosity, plotted in log–log scale, for the two trials (US and PEF), as 
compared with non-treated olive paste. Different letters denote significant differences (analysis of variance 
(ANOVA) and honestly significant difference (HSD) test, p < 0.05). 

This confirms that the mechanical waves and electric pulses provided by US and PEF respectively have a 
positive effect on olive paste, permitting an increased oil released from vacuoles. 
Finally, the application of ultrasounds with a linear probe system (CascatrodeTM) placed in a flow cell, 
permitted a homogeneous contact with the olive paste, and represents a good solution for US treatments. 

4. Conclusions 

This research concerned the evaluation of high-power US and PEF technology applied to the virgin olive oil 
extraction process to increase plant efficiency. Both technologies showed good capabilities for integration in 
an industrial extraction plant proving very reliable in use. 
The use of US system before malaxation permitted a significant improvement in the oil extractability of 3.57 % 
and an increase of the yield of 0.54%. When PEF system was used before the malaxation an increase of the 
extractability of 3.71% and yield of 0.38% were shown. 
Rheology analysis although shows a slight decrease in viscosity when both US and PEF were used. No 
significant differences were found, probably due to the low residence time of the paste into the flow cell. 
The result confirms the feasibility on introducing US and PEF technology for olive oil extraction. In addition, 
these conclusions give useful information about further improvements of the tested machine to meet the 
needs of millers, mainly in terms of mass flow rate. 
Further studies will be carried out to validate the present results and to assess the use of these innovative 
technologies considering olives of different cultivars harvested at different maturity indexes. 
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