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ABSTRACT

Pulsed electric field (PEF) is an innovative technique used to assist in the extraction of vegetable oils. There has
been no research on the effects of PEF on virgin olive oil (VOO) quality and antioxidant activity to date. The
present study aimed to analyze the effects of PEF on oil yield, quality, and in vitro antioxidant activity of
“Koroneiki” extra virgin olive oil. The results show that the PEF treatment increased the oil yield by 5.6%, but
had no significant effect on the saponification value, K232, K270, and AK value of the VOO. PEF treatment
reduced the oleic acid content by 3.12%, but had no significant effect on the content of palmitic acid, linoleic
acid, linolenic acid, arachidonic acid, stearic acid, oleic acid, and palmitic acid. After PEF treatment, the levels of
total phenolics, total flavonoids, and oleuropein increased by 7.6%, 18.3% and 76%, respectively. There was no
significant effect on the levels of 4 phenolic acids (vanillic acid, p-coumaric acid, ferulic acid and cinnamic acid),
2 lignans (lignans and apigenin), hydroxytyrosol, and 3 pigments (lutein, demagnetized chlorophyll, and ca-
rotenoids). In addition, PEF treatment significantly increased the content of tocopherols, with a, f, y, and &
tocopherols increasing by 9.8%, 10.7%, 13.6% and 38.4%, respectively. The free radical scavenging ability of
DPPH and ABTS was also improved. In conclusion, the use of PEF significantly increased the yield of VOO oil as
well as the levels of total phenolics, total flavonoids, oleuropein, tocopherol, and in vitro antioxidant activity.

1. Introduction

Virgin olive oil (VOO) is a vegetable oil obtained through the process
of cold pressing fresh olives. It contains a high concentration of unsat-
urated fatty acids, vitamins, polyphenols, and other components
(Ghanbari, Anwar, Alkharfy, Gilani, & Saari, 2012). Pulsed electric field
(PEF) is a novel extraction technology that can effectively increase the
oil yield of plant oils by disrupting cell walls (Wang, Li, Sun, & Zhu,
2018). PEF increases the permeability and rupture of cell membranes,
which positively affects the extractability and quality of olive oil (Ven-
eziani et al., 2019). There are reports that PEF treatment can signifi-
cantly increase the oil yield of sesame oil and sunflower oil (Sarkis,
Boussetta, Tessaro, Ferreira Marczak & Vorobiev, 2015; Shorstkii, Mir-
shekarloo & Koshevoi, 2015). Implementation of this approach could
potentially result in higher oil production, increased acidity levels, and
increased phenolic composition in virgin olive oil and rapeseed oil
(Martinez-Navarro, Cebrian-Tarancon, Oliva, Salinas and Alonso, 2021;
Andreou et al., 2022; Eduardo & Martinez, D.M.I., 2015). In addition,
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PEF could increase the acidity and total phenolic content of Niger seed
oil and hemp seed oil (Mohseni, Mirzaei, & Moghimi, 2020a, 2020b;
Haji-Moradkhani, Rezaei, & Moghimi, 2019). The acidity and peroxide
value of peanut oil were found to be significantly increased by PEF
treatment as reported by Zeng, Han, and Zi (2010). Furthermore, as
reported by Curko et al. (2023), the application of PEF treatment
increased the total phenolic content as well as the oxygen radical
absorbance capacity (ORAC) of grape seed oil. In addition,
Rébago-Panduro, Romero-Fabregat, Martin-Belloso and Welti-Chanes
(2021) found that PEF significantly improved the ability of walnut oil
to scavenge free radicals such as DPPH and increased oil yield. Few
studies have investigated the possible effects of PEF on the total flavo-
noid, polyphenol, and pigment content, as well as the in vitro antioxidant
capacity of VOO, despite the fact that prior research has shown the
positive effects of PEF on the oil yield, acidity, and phenolic compounds
amount in VOO.

In this study, the olive fruit pulp was pulped using PEF technology.
The goal of the current study was to determine how PEF treatment
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affected the following characteristics of oil: total phenolics, total fla-
vonoids, polyphenolic fractions, pigment content, fatty acid composi-
tion, and oil yield. Additionally, the treated samples’ in vitro antioxidant
activity was assessed. To develop a theoretical framework for the use of
PEF in VOO processing is the overall aim of this work.

2. Material and methods
2.1. Fruits

The olive fruits (Olea europaea L. cv. Koroneiki) were collected in
October 2022 at the Longnan Research Institute of Economic Forestry,
located at 104.85566 longitude and 33.42094 latitude. The harvested
fruits were immediately crushed and processed.

2.2. Fruit crushing and homogenization

After harvesting, the fruits are washed and crushed using a high-
speed multifunctional grinder (Model 304, Yongkang Bio Hardware
Co., Ltd., China). They were then malaxated at approximately 30 °C for
30 min. The samples were then centrifuged using horizontal
(RI6400-06, Beares International Trading Ltd., Italy) and butterfly
centrifuges (RRD3504-05, Beares International Trading Ltd., Italy). The
oil phase was collected and stored at 4 °C in the dark.

2.3. PEF treatment

The fruits were washed and crushed as described in section 2.2. PEF
treatment was then carried out before malaxation. The method of PEF
treatment was based on the method of Leone, Tamborrino, Esposto,
Berardi, and Servili (2022) and Veneziani et al. (2019), with some
modifications according to the actual conditions of the factory produc-
tion line and the pulsed electric field equipment. The pulp was treated
with PEF using a PEF device (EPULSUS-LPM1A-10 China Putten Food
Equipment Co. Ltd) with a fixed pulse width of 15 s and a frequency of
20 Hz. The treatment involved an energy input of 4.6 KJ/kg, an electric
field strength of 1.6 KV/cm, and an operating temperature of 25 °C. At
the end of the treatment, the pulp was malaxated and centrifuged as
described in section 2.2. The oil phase collected without PEF treatment
was used as the control. To felicitate measurement, the samples were
then stored in a dark at 4 °C.

2.4. Oil yield determination

The oil yield was determined using the method of Veneziani et al.
(2019). The extraction rate was determined by calculating the per-
centage of the oil phase’s mass relative to the mass of the olive pulp.

2.5. Determination of acidity, peroxide value, saponification value and
UV absorbance value

Acidity was determined using the FEuropean Commission method
EEC/2568/91. A two-gram sample was combined in a 3:2 ratio with 25
ml of acetic acid/chloroform for the analysis. The combination was then
exposed to 1 ml of a concentrated iodine and potassium iodide solution,
and it was left in a low-light setting for two minutes to undergo a
chemical reaction. Then, 1 ml of a solution of starch and 75 ml of filtered
water were added. A 0.01 M solution of sodium thiosulfate was used to
neutralize the issue till the blue-violet color disappeared. The ultimate
outcome was measured in micrograms (pg/g) per gram.

The method outlined by Francesco et al. (2021)was applied with the
aim to figure out the peroxide value. A 0.1 g specimen was mixed with 1
ml of a 0.5% hydrochloric acid-ethanol solution, 0.10 ml of a concen-
trated potassium iodide solution, and 4 ml of water. The absorbance of
the sample was taken at 350 nm, and the results for the peroxide value
were expressed in mol/kg.
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The determination of the saponification value followed the European
Commission method EEC/2568/91. A 2 g sample was combined with 25
ml of a solution containing potassium hydroxide and ethanol, and sub-
sequently subjected to boiling for 60 min. Next, a volume of 0.5 ml was
utilized, to which 1 ml of an indicator made of phenolphthalein was
added. Following this, a standard hydrochloric acid solution was titrated
until the pink color of the indicator was eliminated. The outcome was
denoted in milligrams per gram (mg/g).

The examination of K232, K270, and AK was carried out following
the European Commission procedure EEC/2568/91. The sample was
dissolved in isobutane, with a volume of 25 ml for both. The measure-
ment of absorbance was conducted at wavelengths of 232, 270, 264,
268, and 272 nm, followed by the determination of the AK value. The
outcome was denoted as K'* 1em-

2.6. Determination of three saturated fatty acids and five unsaturated
fatty acids

The sample was combined with 4 ml of isooctane and 0.2 ml of a 2
mol/L KOH-methanol solution. The mixture is agitated and left undis-
turbed until it achieves clarity. NaHSOj is introduced into the mixture
and subsequently agitated once more. The supernatant is gathered. The
analysis is conducted using gas chromatography-mass spectrometry
(GC-MS). Chromatographic conditions: The chromatographic condi-
tions involved the use of a DB-WAX column measuring 30 m x 0.25 mm
x 0.25 m. The flow rate was set to 1.0 ml/min. Shunt injection was
conducted with a shunt ratio of 25:1. The initial temperature was
initially set to 50 °C and held for 1 min. The temperature was then
increased to 200 °C and then to 230 °C and held for a duration of 12 min.
The inlet temperature was kept at 250 °C. Palmitic acid (C16:0), pal-
mitoleic acid (C16:2), stearic acid (C18:0), oleic acid (C18:1), linoleic
acid (C18:2), linolenic acid (C18:3), arachidic acid (C20:0), and arach-
idonic acid (C20:1), with the results presented as the percentage of total
fatty acids for each specific acid (Demirag and Konuskan, 2021).

2.7. Determination of fp-carotene, lutein, and demagnesium chlorophyll
content

A solvent mixture containing methanol, ethyl acetate, and ethanol in
a volumetric ratio of 5:3:2 was used to dissolve 1.0 g. The solution was
then mixed vigorously to achieve complete homogenization. Finally, the
oil underwent full crystallization through freezing at —40 °C for 18 h.
Subsequently, the oil was then removed through rapid filtration. After
evaporating the filtrate to dryness under vacuum, the resulting residue
was dissolved in an acetate solvent. It was subsequently passed through
a 0.45 pm. Chromatographic conditions: ODS-BP column, with a column
temperature of 25 °C and a flow rate of 1.0 ml/min. The mobile phases
consist of mobile phase A, which is a 1:1 (v/v) ratio of methanol and
ethyl acetate, and mobile phase B, a mixture of methanol, water, and 1
M ammonium acetate in a ratio of 8:1:1 (v/v). Gradient elution was used
throughout the analysis. Gradient elution was employed for the duration
of the analysis. Detection was carried out at wavelengths of 450 nm and
670 nm using an injection volume of 20 pl was used. Concentrations of
lutein, p-carotene, and demagnesium chlorophyll were quantified in
micrograms per gram (ng/g) as per the method described by Huang, Lu,
& DI (2022).

2.8. Determination of total phenolic and total flavonoid content

Take 4 ml of the sample and add hexane and an 80% methanol so-
lution. Centrifuge for 10 min and then collect the bottom phase. Repeat
this process three times, followed by the addition of hexane to ensure
thorough mixing and complete removal of any residual fat. Finally,
collect the methanol phase as a sample. In a 10 ml volumetric flask, the
experimental procedure involves adding 0.5 ml of folinol reagent, 1 ml
of polyphenol extract, and 2 ml of a 7.5% NazCOj3 solution were added.
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Fig. 1. Effects of PEF treatment on VOO oil yield (A) and on the content of palmitoleic acid (B), linoleic acid (C), linolenic acid (D), arachidonic acid (E), oleic acid
(F), stearic acid (G), peanutic acid (H), palmitic acid (I). Bars indicate standard errors. Asterisks indicate significant differences (P < 0.05).

The flask was then filled with deionized water. The reaction was pro-
tected from light for 2 h. A suitable quantity of the sample stock solution
was collected and the absorbance measurement was conducted at a
wavelength of 765 nm. The concentration of polyphenols was indicated
in micrograms per gram. The determination of flavonoids was per-
formed using the aluminum trichloride color development method. In a
10 ml volumetric flask, 3 ml of a flavonoid extract and 4 ml of a 0.1 mol/
L aluminum trichloride methanol solution were added. The mixture was
shaken well and then fixed with methanol. The determination of the
absorbance value was determined at 410 nm to quantify the flavonoid
content expressed in pg/g (Ikbel et al., 2023).

2.9. Determination of polyphenol monomer content

Take off 1.5 g of the material and put it in a brown volumetric
container to dissolve it in hexane. After giving the mixture a good shake,
the mixture was passed over a membrane with a hole size of 0.22 pm.
The polyphenolic monomer content was quantified using high-
performance liquid chromatography (HPLC). The separation utilized a
Supelcosil silica gel column. In addition, a chromatographic column of
dimensions 30 m x 0.25 mm, packed with a 0.25 pm DB-5 stationary
phase, was employed. The mobile phase was composed of a mixture of n-
hexane and isopropanol in a volumetric ratio of 98.5:1.5, and it flowed
at a rate of 0.8 ml/min. The column temperature was held constant at
30 °C. The elution conditions were as follows: 90% to 60% (Phase A) for
0 to 40 min, and 50% to 60% (Phase A), 50 to 60 min. 0% (Phase A), 63

min, 90% (Phase A). At 295 nm, a 20 pl injection was used for the
detection. The polyphenol standards were utilized in the construction of
a standard curve for quantification using the external standard method.
The concentrations of hydroxytyrosol, vanillin, p-coumaric acid, ferulic
acid, oleuropein, lignocerol, apigenin, and cinnamic acid are reported in
mg/kg (Mateos, Espartero, & Trujillo, 2001).

2.10. Determination of tocopherols

The AOCS Ce 8-89, 1993 method is followed in the analysis of to-
copherols, with high-performance liquid chromatography (HPLC) being
used. Here, a fluorescent indicator is combined with a chromatographic
column, SI 60-5 (LiChrosorb), that has a diameter of 250 x 4.5 mm and
a particle size of 5 pm. A combination of 95% acetonitrile and 5%
distilled water is used as the mobile phase, and the flow rate is set to 0.6
ul/min. The chromatogram that is produced from the injected oil sample
and the retention period of the tocopherols determine their quantity.

2.11. Determination of antioxidant activity in vitro

The DPPH radical scavenging ability was evaluated using the method
outlined by Brand-Williams, Cuvelier, & Berset (1995). A sample
weighing 0.1 g was combined with 1 ml of an 80% methanol solution.
The mixture was stirred thoroughly and then transferred to an ice bath
for 10 min to aid in extraction. The liquid above the sediment was then
collected. In the reaction system, 400 pl of supernatant with a
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Fig. 2. Effect of PEF treatment on VOO acid value (A), peroxide value (B), saponification value (C), AK (D), K232 (E), and K270 (F). Bars indicate standard errors.

Asterisks indicate significant differences (P < 0.05).

concentration of 1 mg per milliliter were combined with 600 pl of a 0.1
millimolar DPPH solution (an 80% methanol solution served as a
reference). Following the blending process, the mixture was left undis-
turbed at a temperature of 25 °C for a period of 30 min. Subsequently,
the absorbance reading was measured at 517 nm. A standard curve was
generated using Trolox, and the findings were reported in terms of
Trolox equivalents (pmol TE/g DW).

The free radical scavenging capacity of ABTS was assessed using the
method described by Re, Pellegrini, Proteggente, and Rice-Evans
(1999). 20 pl of the sample was combined with 180 pl of the ABTS re-
action solution for 1 min, followed by the measurement of absorbance at
732 nm. The results were expressed in terms of Trolox equivalents (pmol
TE/g DW).

The ferric reducing antioxidant power (FRAP) was assessed using the
method of Jones et al. (2017). A 10 pl aliquot was combined with 0.3 ml
of the FRAP reagent. The FRAP solution consisted of 40 millimolar hy-
drochloric acid in 300 millimolar acetate, with a pH of 3.6 in a glacial
acetic acid buffer. It also contained 20 millimolar ferric chloride and 10
millimolar TPTZ, all in a ratio of 10 parts hydrochloric acid to 1 part
acetate to 1 part ferric chloride to 1 part TPTZ, by volume. Afterwards,
the combination was placed in an incubator set at a temperature of 37 °C
for a duration of 4 min, and the measurement of absorbance was con-
ducted at a wavelength of 593 nm. The findings were measured in
relation to Trolox equivalents (pmol TE/g DW).

The oxygen radical absorbance capacity (ORAC) was assessed ac-
cording to the procedure outlined by Stiibler et al. (2019). Samples and
various concentrations of the Trolox standard were added to each well.
After incubation for 10 min, 200 pl of a 6.0 M sodium fluorescein
working solution was introduced into each well. Furthermore, 20 pl of a
recently prepared 119 mmol/L AAPH solution was added to each well
following agitation. The fluorescence value of each well was measured
every 5 min for 31 cycles using a wavelength for stimulation of 485 nm
and an emission band of 538 nm. Subsequently, the ORAC value of each
sample was computed. The findings were quantified in terms of Trolox
equivalents (umol TE/g DW).

2.12. Data statistics and analysis

All of the above determinations were repeated at least three times.
All data were calculated using Microsoft Excel 2021 to determine the
mean and standard error (+ SE). The data were then plotted using
OriginLab OriginPro 8.5 (Northampton, USA) and analyzed for signifi-
cance using Duncan’s test (P < 0.05) with SPSS 24.0.

3. Results and discussion

3.1. Effect of PEF treatment on oil yield and three saturated fatty acid and
five unsaturated fatty acid content of VOO

Compared to the control (Fig. 1A), the use of PEF treatment led to a
significant rise of 5.6% in the oil production of Virgin Olive Oil (VOO).
This outcome aligns with the results of PEF in enhancing the oil yield of
VOOEduardo & Martinez, D.M.I., 2015. PEF can cause structural
changes to cell walls and membranes, which increases the possibility 1of
distinction between the inside as well as the outside of olive pulp cells
(Angersbach, Heinz and Knorr, 2000). This process ultimately acceler-
ates the extraction of oil (Puértolas et al., 2015). The PEF intervention
did not result in a notable effect on the levels of palmitoleic acid, linoleic
acid, linolenic acid, arachidonic acid, stearic acid, peanutic acid, and
palmitic acid (Fig. B-I). However, it reduced the oleic acid content by
3.12% (Fig.1 F). This outcome aligns with prior research indicating that
PEF treatment reduces the oleic acid concentration in peanut oil (Zeng
et al., 2010). Due to its monounsaturated nature, oleic acid is prone to
cleavage when subjected to PEF treatment, leading to a decrease in its
content (Leone et al., 2022).

3.2. Effect of PEF treatment on VOO acid value, peroxide value,
saponification value, AK, K232, and K270

PEF treatment significantly increased the acidity of VOO. Compared
to the control group, the acidity value showed an increase of 12.5%
(Fig. 2A). This result is consistent with the research of Zeng et al., (2010)
and Mazroei Seydani, Gharachorloo and Asadi (2022), who
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Fig. 3. Effects of PEF treatment on the content of total phenolics (A), total flavonoids (B), oleuropein (C), hydroxytyrosol (D), vanillic acid (E), luteolin (F), vanillic
aldehyde (G), p-coumaric acid (H), ferulic acid (I), cinnamic acid (J) and apigenin (H) in VOO. Bars indicate standard errors. Asterisks indicate significant differences

(P < 0.05).

demonstrated that PEF treatment resulted in increased acidity levels in
rapeseed oil. As the electric field intensity increased, there was a gradual
increase in the cell wall, thickness, which was accompanied by an in-
crease in lipase activity. Hydrolysis of triglycerides occurred, increasing
the acid concentration Mazroei Seydani, Gharachorloo and Asadi, 2022;
Guderjan, Elez-Martinez, & Knorr, 2006). In addition, an increase in the
polyphenol content of the beef tallow can lead to an increase in acidity.
This is because some phenols are acidic in solution and will consume
NaOH during titration, resulting in an increased acidity measurement
(Li, Zhang, & Wang, 2022). The peroxide value of our results were also
increased by 4.49% after PEF treatment (Fig. 2B), which is consistent
with the result of Zeng et al., (2010). As the process of lipid oxidation
intensifies, it leads to the formation of oxidative by-products such as
carbonyls, aldehydes, and conjugated double bonds. This process is also
associated with increased peroxide level (Mazroei Seydani et al., 2022).
Although acidity and peroxide values and were increased after PEF
treatment, they were still within the limits set by EEC/2568/91. In
addition, PEF treatment did not significantly affect the saponification
value, K232, K270, and AK values of VOO (Fig. 2C-F).

3.3. PEF treatment increased the total phenolic, total flavonoid, and
oleuropein content of VOO

Phenolic compounds represent a significant category of secondary
metabolites found in olive oil, exhibiting antioxidant activity (Tian, Sun,
Ch, Yang, & Wang, 2019). The total phenolic and flavonoid content in
VOO was significantly improved by the use of PEF. The total phenolic
content showed an increase of 7.6% compared to the control, while the
total flavonoid content showed a remarkable increase of 18.3%
compared to the control (Fig. 3A, B). A similar conclusion about the
effect of PEF on the increase in total phenolic compounds in hemp oil
was also reported in a study by Haji-Moradkhani et al. (2019).

According to Rajha, Maria, Khattar, Kantar, and Vorobiev (2019), the
main locations for the presence of phenolics and flavonoids are the
vesicles and cell walls. The using of PEF treatment results in the
disruption of cell walls and cell membranes, thereby enhancing the
solubilization of total phenolics and total flavonoids.

Oleuropein is the primary active compound in olive oil, which not
only has remarkable free radical quenching activity but is also believed
to potentially reduce the incidence of various cancers (Gentile, Uccella,
& Sivakumar, 2017). According to Andrejc, Butinar, Knez, Tomazic, and
Marevci (2022), Oleuropein has demonstrated properties such as being
an antioxidant, having antimicrobial and antiviral effects, as well as
being antiatherogenic (Wang et al., 2022). The administration of PEF led
to a notable rise in oleuropein concentration, which was 76% higher
than that of the control group (Fig. 3C). This was further illustrated by
the results of Leone, Tamborrino, Esposto, Berardi and Servili (2022).
The use of PEF treatment induces electroporation, thereby facilitating
the extravasation of intracellular solutes and increasing the concentra-
tion of free oleuropein. In addition, it was discovered that PEF treatment
increased $-glucosidase’s enzymatic activity, which led to the release of
oleuropein from oleuropein glycosides (Martinez-Navarro, Cebrian-
Tarancon, Oliva, Salinas, & Alonso, 2021). The research analyzed the
affection of PEF treatment on the content of four phenolic acids (vanillic
acid, p-coumaric acid, ferulic acid, and cinnamic acid), two lignans
(lignans and apigenin), and hydroxytyrosol in VOO was investigated.
Based on the results, the utilization of PEF treatment did not result in a
notable influence on the concentration of these substances (Fig. 3D-K).

3.4. Effect of PEF treatment on lutein, p-carotene, and demagnetized
chlorophyll content of VOO

Lutein, demagnetized chlorophyll, and carotenoids were the main
pigments in VOO. Furthermore, these compounds are not only
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accountable for the oil’s color but also possess antioxidant and nutri-
tional health attributes. The measurement of the product can be corre-
lated with its quality and genuineness. (Borello & Domenici, 2019). The
PEF treatments showed a decrease in lutein and de-epoxidized chloro-
phyll content (Fig. 4A, C) and an increase in p-carotene content
(Fig. 4B). However, none of these differences were statistically signifi-
cant compared to the control.

3.5. Effect of PEF treatment on a-tocopherol, f-tocopherol, y-tocopherol,
and §-tocopherol content of VOO

Tocopherols are the primary active compounds in olive oil, known
for their anti-inflammatory, antibacterial, and antioxidant properties.
The most important component is a-tocopherols. PEF treatment can
increase the tocopherol content in olive oil, with a-tocopherol,
p-tocopherol, y-tocopherol, and §-tocopherol increasing by 9.8%,
10.43%, 13.63%, 38.61% and (Fig. 5A-D), respectively. These research
results are consistent with the findings of Abenoza, Benito, Saldana,
et al. (2013) and other researchers.

3.6. Effect of PEF on the in vitro antioxidant activity of VOO

Commonly used metrics such as ORAC, FRAP, ABTS, and DPPH are

used to evaluate a substance’s in vitro antioxidant potential (Wang, Li, Li,
Li, & Luo, 2021). PEF treatment demonstrated a significant improve-
ment in the capacity of VOO to scavenge DPPH and ABTS+ free radicals,
as well as an increase in its FRAP and ORAC. The treatment resulted in
an increase of 30.0%, 61.3%, 68.1%, and 47.6%, respectively, compared
to the control group (Fig. 6A-D). This result shows a certain similarity
with the previous result where it was shown that PEF treatment
enhanced the antioxidant capacity of walnut oil and improved DPPH
(Rébago-Panduro, Romero-Fabregat, Martin-Belloso, & Welti-Chanes,
2021).

A strong and statistically significant positive connection between
DPPH and the total phenolic and flavonoid content was found by cor-
relation analysis (r = 0.67, 0.66). (Fig. 7.) Similarly, the ABTS assay
demonstrated a strong positive correlation with both total phenolics and
total flavonoids (r = 0.74, 0.72). Furthermore, a robust and statistically
significant positive association (r = 0.83, 0.82) was seen by the FRAP
assay between the total phenolic and total flavonoid content in VOO that
had undergone PEF treatment. The Oxygen Radical Absorbance Ca-
pacity (ORAC) exhibited a robust and statistically significant positive
correlation (r = 0.71, 0.70) with the total phenolic and total flavonoid
content. In addition, there is a significant positive correlation between
a-tocopherol, total phenols, and total flavonoids (r = 0.65, 0.60). It was
discovered that the improvement of in vitro antioxidant activity in VOO
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Fig. 6. Effects of PEF treatment on the free radical scavenging rate of DPPH (A) and ABTS (B), the FRAP (C), and ORAC (D) of VOO. Bars indicate standard errors.
Asterisks indicate significant differences (P < 0.05).
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Fig. 7. Correlation analysis between active ingredients treated with PEF and antioxidant activity of VOO in vitro (* <0.05, ** <0.01).
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was significantly influenced by the presence of total phenolics and total
flavonoids. VOO has antioxidant properties attributed to the presence of
tocopherols and sterols, which are antioxidant components (Hamze
et al., 2022). These elements are crucial in boosting VOO’s antioxidant
capabilities. Bermtidez-Oria, Rodriguez-Juan, and Rodriguez-Gutiérrez
(2021) used correlation analysis to show that polyphenols are positively
correlated with antioxidant activity, which is consistent with the find-
ings of this study. However, VOO also contains antioxidant components
such as sterols (Hamze et al., 2022). These elements play a role in
antioxidation; however, further research is necessary to elucidate the
precise mechanism through which they exert their effects.

4. Conclusion

In the current study, PEF treatment improved the oil yield in VOO. It
also increased the levels of total phenolics, total flavonoids, tocopherol
and oleuropein. PEF also increased the in vitro antioxidant activity of
VOO, which was strongly associated with the increase in total phenolics,
flavonoids and oleuropein. However, the application of PEF had no
significant effect on the concentrations of three saturated fats, four un-
saturated fats, saponification value, K232, K270, AK, and three pigments
in VOO. In addition, PEF treatment can improve the oil yield and
functional components, which can provide a basis for factory produc-
tion. Considering the excellent properties of PEF treatment in improving
the yield and quality of VOO, this technology should be considered for
VOO processing.
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