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Polyphenols are a wide array of bioactive compounds that naturally occur in food sources derived from plants.

They are recognized for their potential as preventive agents against chronic illnesses, such as cardiovascular

diseases and diabetes. Pulsed electric field (PEF) is a processing method that implies a higher polyphenol

extraction. The PEF treatment is a non-thermal technique employed for food preservation, which involves the

application of short bursts of electrical power to inactivate microorganisms while minimizing any detrimental impact

on the food’s quality. This implies that the PEF treatment aspires to enhance the accessibility of consumer-grade,

polyphenol-abundant food products of superior quality.
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1. Introduction

Polyphenols are naturally present in plant-based foods and show an extensive variety of complicated chemical

structures . They are composed of a phenolic ring which serves as the fundamental monomer . The primary

classes of polyphenols include phenolic acids, flavonoids, stilbenes, and lignans . Flavonoids consist of flavones,

flavonols, flavanones, isoflavones, flavanols, and anthocyanins, whereas hydroxybenzoic and hydroxycinnamic

acids are types of phenolic acids . These compounds are present in the human diet and are mainly derived from

plant sources, including fruits, vegetables, grains, and coffee . Polyphenols are a wide array of bioactive

compounds that naturally occur in food sources derived from plants . They are recognized for their potential as

preventive agents against chronic illnesses, such as cardiovascular diseases and diabetes . The four major types

of polyphenols are phenolic acids, flavonoids, stilbenes, and lignans . A visual representation of these

compounds is illustrated in Figure 1. Flavonoids are highly prevalent in the context of dietary intake .

Catechin is found in a variety of fruits and beverages, most notably in tea . Citrus fruits are known for their high

content of hesperidin , whereas red fruits and berries are primarily characterized by their cyanidin content .

Fruits, such as apples, are known to possess proanthocyanidins and quercetin . Proanthocyanidins are also

present in grapes and cocoa , while quercetin can be found in onions and tea . Finally, it should be noted that

the soybean plant is primarily characterized by the presence of daidzein . Polyphenolic compounds, such as

lignans, are predominantly found in grains and flaxseed . Due to the significant impact of polyphenols on human

health, a multitude of research studies have been conducted to examine the physiological effects displayed by
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these compounds . The consumption of foods rich in polyphenols has been demonstrated to contribute

to a reduction in the incidence of several health conditions, such as colon cancer, liver disorders , cardiovascular

diseases , and obesity .

Figure 1. Electroporated cell membrane with bioactive compounds within several electric field strengths. Impact of

critical electric field strength in the cell membrane. The four different types of polyphenols found in plant-based

foods are transferred from the cell to the extraction solvent.

The investigation of diverse conventional methodologies has been conducted to extract bioactive compounds from

specific fresh food products or food waste materials . Common extraction techniques include soaking,

maceration, infusion, percolation, and Soxhlet extraction . The efficacy of these techniques is influenced by

various factors, including the choice of solvent, the solvent’s solvation capacity, the degree of agitation, and the

temperature . Traditional extraction methods are associated with several challenges, including extended

processing durations, reduced extraction efficiencies, excessive solvent usage, possible degradation of

thermolabile bioactive compounds, and the utilization of hazardous chemicals . A selective extraction is not

adequately served by conventional extraction techniques . Furthermore, the extracted products, such as

proteins and polysaccharides, may not be of high quality if these methods are used . Pulsed electric field (PEF)

is a processing method that implies a higher polyphenol extraction . The PEF treatment is a non-thermal

technique employed for food preservation, which involves the application of short bursts of electrical power to

inactivate microorganisms while minimizing any detrimental impact on the food’s quality . This implies that the

PEF treatment aspires to enhance the accessibility of consumer-grade, polyphenol-abundant food products of

superior quality .
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The use of PEF to diffuse, osmose, press, and dry food waste and by-products has gained popularity . It

reduces the negative effects of regular heating methods . Since PEF can electroporate cell membranes, it is

also used as a pretreatment to boost recoveries of bioactive compounds, such as polyphenols, carotenoids, and

proteins . When applied to water, the PEF technique exhibited lower temperatures, lower solvent

consumption, and improved constituent extraction rates . The extraction yield could be increased with reduced

energy costs, and heat-sensitive substances could be preserved; all of these by also incorporating a “green”

extraction method . The PEF method exhibits greater environmental sustainability and economic efficiency

due to its reduced overall energy consumption and lower energy requirements per unit of processed product .

For this reason, various sectors of the food industry have experimented with PEF-based maceration over the past

decade . Apart from fresh fruits and vegetables, biomass waste generated in the agricultural and food industries

is increasingly seen as a valuable bioresource that can be converted into useful products. Large quantities of

wastes, including processing residues, are generated as a result of agro-industrial activity .

2. Potato

The fourth most important food grown and consumed in the world, potatoes are a staple that can be found in

almost every region of the country . They are rich in carbohydrates and have a small amount of fat. They are

also known to contain various nutrients such as vitamins, proteins, and fiber. Bioactive compounds such as

anthocyanins and polyphenols are commonly found in the skin and flesh of potatoes .

To improve the extraction of polyphenols with significant antioxidant properties from potato peels, Frontuto et al. 

studied the optimal PEF-assisted extraction conditions. To verify this, they applied electric field strength from 1–5

kV/cm and total specific energy inputs from 1–10 kJ/kg. Total polyphenol yield from PEF pretreated sample extracts

was 1295 mg GAE/kg fw (+10% from the control) when using 5 kV/cm fields strength and 10 kJ/kg specific energy

output, 52% ethanol as a solvent, 230 min of extraction time, and 50 °C for the subsequent solid-liquid extraction.

The HPLC-DAD analysis revealed that the predominant polyphenolic compounds detected were chlorogenic,

caffeic, syringic, protocatechuic, and p-coumaric acids. There was no indication of substantial degradation of these

individual polyphenols as a result of the application of PEF.

3. Asparagus

Beneficial bioactive compounds have been found in Asparagus officinalis root. The primary goal of the research

conducted by Symes et al.  was to improve the efficiency with which polyphenol and flavonoid extraction was

accomplished from the roots of green asparagus by combining PEF and ionic liquids. Antioxidant activity (oxygen

radical absorbance capacity, ORAC), FRAP and DPPH ), TPC, and TFC were all measured in this research. When

compared to the standard solvent extraction method, the extraction yield was higher when PEF was used under

the optimum conditions of electric field strength at 1.6 kV/cm, pulse width of 20 μs, and frequency of 200 Hz. All

assays, except for ORAC, showed improvements in PEF-treated samples compared to untreated samples.

Extraction yield was increased by 23%, TPC by 5%, TFC by 6%, and FRAP by 4%. Ionic liquids, on the other hand,
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were discovered to be more efficient than PEF treatment. For instance, ionic liquids were found to have a TFC of

122 mg RE/g. This value was ~80 times greater than the TFC achieved by PEF treatment. While ionic liquids

performed better than PEF in asparagus root samples, more research is needed to determine their safety for use in

the food industry.

4. Mushroom

Mushrooms are frequently consumed as a staple in vegetarian diets. They are recognized for their wide variety of

health advantages, including their anti-carcinogenic and anti-infectious attributes. Furthermore, the abundant

presence of polyphenols in these substances renders them highly versatile for utilization as pharmaceutical agents

or dietary supplements . The only type of mushroom that was applied to the PEF system with the purpose of

greater extraction of polyphenols was Agaricus bisporus.

The utilization of chemical or thermal methods for the extraction of valuable compounds is widely employed across

various disciplines. The utilization of PEF during the extraction process reduces the likelihood of nutrient damage in

the extracted product. To that end, the study by Xue et al.  aimed to investigate the impact of continuous PEF

treatment on the extraction process of a white button mushroom suspension with a concentration of 9% w/w. PEF

with intensities ranging from 12.4–38.4 kV/cm were applied using bipolar square pulses lasting 2 μs. The

mushroom suspension was exposed to electric pulses with a field intensity of 38.4 kV/cm for a duration of 272 μs

at 85 °C. Based on estimations, it was determined that the optimal extraction yields would be 98% (7.9 mg/g

mushroom) of polysaccharide, 51% (1.6 mg GAE/g mushroom) of total polyphenols, and 49% (2.7 mg/g

mushroom) of proteins. However, traditional mushroom extraction methods yielded only 56% (6.4 mg/g of

mushroom) polysaccharide, 25% of total polyphenols (1.3 mg GAE/g of mushroom), and 45% (2.6 mg/g of

mushroom) proteins after processing the 9% w/w mushroom suspension at 95 °C for 1 h. For all of these

substances, the yield from conventional extraction carried out at the same temperature and for a similar amount of

time was negligible. This indicates that a synergistic effect of electric pulses and temperature on the extraction

performance is responsible for the improvement in extraction performance observed with PEF and that this

improvement cannot be attributed solely to ohmic heat generated during PEF treatment.

5. Olives

Olives of several cultivars are key in Mediterranean dishes and an essential agricultural crop for European

countries such as Greece, Spain, and Italy. Olives are the fruit of the olive tree with the scientific name Olea

europaea, which means “European olive”. They are cultivated throughout the Mediterranean basin as well as in

South America, South Africa, India, China, Australia, New Zealand, Mexico, and the United States. Antioxidant

compounds, such as polyphenols and flavonoids, are characteristic in olives, especially oleuropein. The content of

extra virgin olive oil in polyphenols is 500 mg/L . It has been claimed that the health benefits of olives and olive

oil can protect the human organism from a variety of illnesses . For this reason, the effect of PEF pretreatment

on the increase of their polyphenol content was evaluated for all parts of the olive plant as well as for extra virgin
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olive oil. For instance, in the previously mentioned study by Ziagova et al. , PEF-treated leaves and unripe fruit

yielded TPC of 105 and 12 mg GAE/g dw, respectively.

Andreou et al.  improved the recovery of high value-added compounds from olive pomace as a result of the

combined use of PEF. Pretreatments with PEF (1.0–6.5 kV/cm, 0.9–51.1 kJ/kg, and 15 μs pulse width) were

applied to olive pomace (cv Tsounati). Solid-liquid extraction of intracellular compounds with 50% v/v aqueous

ethanol solution for 1 h at 25 °C was then used for analysis. At electric field strengths over 3 kV/cm, the polyphenol

concentration increased significantly, reaching as high as 91.6% from the untreated sample (~1500 mg GAE/L).

This method may be useful in conjunction with traditional solvent extraction. With PEF pretreatment, olive pomace

can be valorized by increasing the yields of intracellular compounds with high antioxidant properties.

The same research team  investigated the application of non-thermal processing techniques to maximize the

production and quality of virgin olive oil. Different PEF conditions (electric field strength of 0.5–2.0 kV/cm, 0–2500

pulses, energy input of 0.5–57.5 kJ/kg) were applied to olive paste. Quality, bioactive compounds, oxidative

stability, and sensory evaluation of olive oils generated under optimum conditions (electric field strength of 1.5

kV/cm, 100 pulses) were assessed using response surface methodology. The olive oil yield from the PEF-

pretreated sample was ~3% higher (25.4%), had ~57% more α-tocopherol (66.9 mg/kg oil), and had ~7% more

polyphenols (822.3 mg GAE/kg oil) than the yielded oil from the untreated control sample. Consequently, PEF

seeks to increase the production of a sustainable and cost-effective product in the olive oil industry.

Extracting polyphenols from olive leaves using the PEF method was evaluated by Pappas et al. . Water, ethanol,

and various mixtures thereof were used across a gradient of 25% in this research. The optimal conditions for PEF

extraction took 30 min and required an electric field strength of 1 kV/cm. In addition, they explored a range of pulse

durations, from 10–100 ns. Results obtained from PEF-treated extracts were compared to those obtained from

untreated extracts. With a pulse duration of 10 μs and a 25% v/v ethanol aqueous solution, PEF was found to have

the greatest effect. Significant increases of 31.85% in total polyphenols and 265.67% in specific metabolites were

observed when comparing pre- and post-harvest samples. Differential scanning calorimetry revealed that 569 °C

was the highest temperature at which oxidation occurred. The higher the oxidation temperature, the more resistant

to oxidation the sample. This remarkable temperature was achieved by subjecting the samples to pulses with a

duration of 100 μs and a period of 1000 μs. When the above PEF parameters were applied, the main metabolite

luteolin-7-O-glucoside showed a significant increase of 71.87%, amounting to a total of 0.82 mg/g dw. Under a 100

μs pulse, however, oleuropein alone showed the highest extraction yield.

The same research team conducted an investigation  into the efficacy of PEF in concentrating polyphenol

extracts, thereby evaluating the potential worth of olive leaves. The researchers thoroughly investigated the optimal

methods for enhancing the PEF process in order to improve the extraction of olive leaf compounds. A

comprehensive investigation was conducted to examine various parameters of the extraction chamber, including its

geometric configuration, electric field intensity, pulse duration, pulse period (and frequency), and extraction

duration. The researchers employed experimental methods to ensure the optimal duration of PEF-assisted solid-

liquid extraction of olive leaves. The implementation of PEF resulted in a significant increase of 38% in the
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extractability of total polyphenols compared to the untreated control sample. The TPC reached a value of 25.35 mg

GAE/g dw. Furthermore, it is noteworthy to mention the remarkable 117% increase observed in the concentration

levels of certain specific metabolites. The optimum conditions required a 15-min extraction with 25% v/v ethanol

conducted in a rectangular extraction chamber, an electric field strength of 0.85 kV/cm, a pulse period of 100 μs,

and a pulse duration of 2 μs. Regarding oxidative stability, the samples subjected to a pulse duration of 10 μs,

pulse period of 1000 μs, electric field of 0.85 kV/cm, and extraction time of 30 min exhibited the most pronounced

oxidation peak at 488 °C. This value was found to be 16% higher than the control sample when assessed using

differential scanning calorimetry. The findings of this research indicate that the use of PEF treatment has a notable

impact on enhancing extraction efficiency and improving the physicochemical properties. Table 1 provides a

concise summary of the above research conducted on fresh vegetables and their by-products.

Table 1. Application of PEF on fresh vegetables and by-products with the treatment effects.
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