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SUMMARY: Traditional extraction methods for vegetable oils present limitations regarding oil yield and quality preservation. Given 
the significant role of vegetable oils in human nutrition and health, non-thermal technologies offer alternatives for extraction process 
optimization. This review examines three principal non-thermal technologies: supercritical fluid extraction (SFE), ultrasound-assisted 
extraction (UAE), and pulsed electric field (PEF) application. These methods are evaluated based on their effects on extraction yield, oil 
composition, and the preservation of antioxidant activity in seed oils. SFE exhibits efficacy in enhancing yield, recovering antioxidant 
compounds, and preserving fatty acid compositions. UAE demonstrates potential for improving extraction efficiency and maintaining 
antioxidant activity. PEF consistently increases extraction yields, though its impacts on antioxidant properties and fatty acid profiles require 
additional investigation. These non-thermal technologies present viable alternatives for extraction process optimization, although further 
research is needed to maximize yield and quality across diverse oil seed varieties.
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RESUMEN: Tecnologías no térmicas en la extracción de aceites vegetales: rendimiento, composición y actividad antioxidante. Revisión. 
Los métodos tradicionales de extracción de aceites vegetales presentan limitaciones respecto al rendimiento y la conservación. Dada la 
importante función de los aceites vegetales en la nutrición y salud humana, las tecnologías no térmicas ofrecen alternativas para la optimización 
de los procesos de extracción. Esta revisión examina tres tecnologías no térmicas principales: extracción por fluidos supercríticos (FSC), 
extracción asistida por ultrasonido (EAU), y aplicación de campo eléctrico pulsado (CEP). Estos métodos son evaluados en función de 
sus efectos sobre el rendimiento de extracción, la composición del aceite y la preservación de la actividad antioxidante en aceites de 
semillas. FSC exhibe una eficacia particular en la mejora de los parámetros de rendimiento, la recuperación de compuestos antioxidantes y 
la preservación de composiciones deseables de ácidos grasos. EAU demuestra un potencial significativo para mejorar tanto la eficiencia de 
extracción como el mantenimiento de la actividad antioxidante. CEP aumenta consistentemente los rendimientos de extracción, aunque sus 
impactos en las propiedades antioxidantes y los perfiles de ácidos grasos requieren investigación adicional. Estas tecnologías no térmicas 
presentan alternativas viables para la optimización del proceso de extracción, se necesita más investigación para maximizar los parámetros 
de rendimiento y calidad en diversas variedades de semillas y tipos de aceite.

PALABRAS CLAVE: Aceites vegetales; Optimización de extracción; Preservación antioxidante; Procesamiento no térmico.
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1. INTRODUCTION

Traditional mechanical, chemical, or combined methods are commonly employed in vegetable oil 
extraction (Nde and Foncha, 2020), but these approaches often compromise oil yield and quality. Non-
thermal technologies have emerged as promising alternatives that offer several advantages in the extraction 
process. These technologies facilitate high-quality vegetable oil extraction while obtaining health-promoting 
fatty acids by preventing the loss of volatile compounds and minimizing the modification of fatty acid 
profiles. Additionally, these technologies are environmentally friendly due to the reduction in processing 
time, economic and energetic costs. This is achieved through their ability to operate at room temperature 
and generate disruption or damage to cellular membranes in raw vegetable material (Moreira et al., 2018), 
thereby enhancing extraction efficiency.

Oils are essential nutrients in the human diet, providing a source of energy and essential fatty acids. 
Vegetable oils have been used for human consumption due to their fatty acids content, which can be classified 
into saturated (SFA), monounsaturated (MUFA), and polyunsaturated fatty acids (PUFA) (Azam et al., 2019). 
There is compelling evidence highlighting the crucial role of fatty acids in human nutrition, including their 
therapeutic and prophylactic prevention, together with protection against diseases such as cardiovascular 
conditions or inflammation (Kumar et al., 2016). Therefore, employing methods to maintain the naturally 
existing antioxidant compounds in oils that help to prevent fatty acid degradation through oxidation are crucial. 
Fatty acids, particularly unsaturated fatty acids, are susceptible to oxidative processes. In foods, their degradation 
causes a reduction in sensory and nutritional value and generates toxic compounds (Viana da Silva et al., 2021). 
Oxidized oils negatively affect the human body, potentially causing modifications to deoxyribonucleic acid 
(DNA), ribonucleic acid (RNA), lipids, and proteins, which can lead to cellular damage, inflammation, and 
carcinogenesis (Metzner and Poaina, 2018). The extraction method significantly influences the quality of edible 
oil, as it can alter its fatty acid composition and the concentration of bioactive compounds.

This review aims to analyze the impact of the main non-thermal technologies researched in the oil extraction 
industry. Two of the primary technologies analyzed in this article, ultrasound-assisted extraction and pulsed 
electric field, have been studied in oil extraction processes due to their ability to enhance mass transfer 
processes by altering cell structure, thereby increasing the efficiency of bioactive compound extraction 
(Picart-Palmade, et al., 2019). The third technology analyzed is supercritical CO₂ fluid extraction, which 
is widely applied in the oil extraction industry due to its non-toxic nature and ease of separation from the 
final product. In the presence of carbon dioxide, the extraction temperature and presence of oxygen are low, 
resulting in high-quality extracted material. This review will focus on the effect of non-thermal technologies 
on yield, composition, and antioxidant activity, comparing them with conventional methods to highlight the 
benefits of employing these technologies in the extraction process of vegetable oils. The relevance of this 
manuscript lies in presenting complementary options and aiding in the selection of appropriate methodologies 
in relation to the raw material to improve oil yield from vegetable seeds without compromising the quality 
and health benefits of the product.

2. MATERIAL AND METHODS

2.1. Study design

This paper presents a systematic review conducted following the Preferred Reporting Items for Systematic 
Review and Meta-Analyses (PRISMA) methodology.

2.2. Eligibility criteria

Inclusion criteria: (1) Original articles, (2) The application of non-thermal technology in the extraction 
process (supercritical fluid extraction; ultrasound assisted extraction; pulsed electric field). (3) The oil 
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extraction from seeds, (4) The study included oil characterization and antioxidant assays of extracted oil. 
Exclusion criteria: (1) extraction of non-seed oils, (2) extraction of non-edible oils, (3) Missing the fatty acid 
profile or extraction yields.

2.3. Research methods

The search encompassed multiple databases including Google Scholar (Googleplex, Mountain View, 
California, USA), Scopus (Elsevier, Amsterdam, Netherlands), Springer (Springer Nature, Berlin, Germany), 
EBSCO (EBSCO Industries, Brimingham, Alabama, USA), and Dialnet (Dialnet Foundation, Logroño, 
Spain). Keywords employed in the search included “Ultrasound assisted extraction”, OR “Pulsed electric 
field”, OR “Supercritical fluid extraction”, OR “seeds oil extraction” OR “edible oil extraction” or various 
combinations of the keywords. The search was limited to research published between 2018 and 2024. The 
flow diagram in Figure 1 visually outlines the process. 

 

                                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  

 Figure 1. Methodology flow diagram. Description of the research of papers analyzed in this review. The number of papers included where determinate after 
 the exclusion of studies with no relation with oil´s extraction, the application of non-thermal techniques in extraction process, studies duplicated and another 
 criteria of inclusion as antioxidant activity or fatty acids profile. 
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FIGURE 1.  Methodology flow diagram. Description of the research of papers analyzed in this review. The number of papers included 
where determinate after the exclusion of studies with no relation with oil´s extraction, the application of non-thermal techniques in extraction 
process, studies duplicated and another criteria of inclusion as antioxidant activity or fatty acids profile.

3. RESULTS

3.1. Literature search and study characteristics

The search identified a total of 51,600 papers with the keywords used. After reading the title only 156 
remain for the eligibility. After excluding duplicate reviews or articles that match with the exclusion criteria, 
45 papers were analyzed and included in this revision (Figure 1).
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3.2. Supercritical Fluid Extraction

3.2.1. Basis

Supercritical fluid extraction (SFE) occurs at temperatures and pressures where a fluid exists as both a 
liquid and a gas, surpassing its critical point or achieving a supercritical state. SFE is a process involving the 
separation of one component (extractant) from another (matrix) using supercritical fluids as the extracting 
solvent. Carbon dioxide (CO₂) is the most used supercritical fluid due to its ecologically acceptable properties, 
non-flammability, and chemical inertness. Its critical temperature is 31°C and critical pressure is 7.39 MPa 
(Sapkale et al., 2010).

SFE can be performed offline or online. In the offline method, dried and ground raw material is placed 
in an extraction vessel. The extractor containing the sample is supplied with supercritical solvent from the 
bottom. After extraction, the solutes are separated from the solvent through low pressure or temperature and 
collected via a depressurization valve in a separator. The online technique integrates SFE with gas or liquid 
chromatography (Yousefi et al., 2019). SFE with CO₂ (SFE-CO₂) efficiently yields high-quality oil in a 
single step, eliminating the need for additional solvents (Figure 2) (Ferrentino et al., 2020).
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FIGURE 2.  Flow diagram of supercritical fluid extraction. BPR – Back pressure regulator. The equipment consists of a CO2 supply stored 
in a high-pressure cylinder. For the CO2 acquire a supercritical state, the high-pressure pump increases the pressure, and the heater increases 
the temperature. In the process, a co-solvent is used. In the extractor, the seeds are placed to be in contact with the supercritical fluid, causing 
the dissolution of the compounds of interest. The BPR is a pressure regulator that makes the fluid go to the subcritical region, separating the 
extract from the solvent. The extract is obtained in the collector (Ahangari, et al., 2021).

3.2.2. Applications

Several researchers have used SFE-CO₂ to extract vegetable oils and assess extraction yield, composition, 
and antioxidant activity of the resulting products (Table 1). Amani et al., (2021) studied the extraction of oil 
from chilgoza (Pinus gerardia) seeds using SFE-CO₂ and found that a lower yield was achieved compared to 
Soxhlet extraction. Nevertheless, SFE-CO₂ demonstrated shorter extraction times at lower temperatures with 
no significant changes in fatty acid composition. Similarly, Han et al. (2020) employed SFE-CO₂ to obtain 
berberis (Berberis dasystachya Maxim.) oil with a higher concentration of unsaturated and polyunsaturated 
fatty acids, along with increased antioxidant activity in DPPH and ABTS assays compared to screw pressing 
and extraction by petroleum ether. Mazurek et al. (2022), working with berry seeds, investigated the effect 
of pressure on modifying the fatty acid profile and detected an increase in monounsaturated fatty acids in 
black currant seed oil by increasing the pressure in the method. Higher pressure resulted in a more significant 
dissolution of oil components.
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TABLE 1.  Overview of studies on oil extraction by supercritical fluid extraction

Seed oil Optimal treatment conditions Parameters analyzed

Pr 
[MPA] 

T
[°C]

Time 
[min]

Fr 
[kg·h- 1] Yield [%] Fatty acids composition 

[%]
AA 

[%/ mg·ml- 1] Reference

Oleaster (Eleagus 
mollis) 32.5 60 180 NR 24.3- 28 44.7- 55.8 linoleic 12.2 mg·ml- 1 Wong et al. 

(2019)

33.6- 40.6 palmitic

3.1- 5.5 palmitic acid

Barberry 25 59 NR 2.2 12.5 34.8 linolenic DPPH 89.6% Han et al. (2020)

(Berberis 
dasystachy)

22 linoleic
21 oleic ABTS 92.6 %

2.5 stearic

1.5 palmitic

Perilla (Perilla 
frutescens) 26.7 45.6 60 0.9 14.9  49.53 alfa linoleic DPPH 69.7% Jiao et al. (2020)

Guava (Psidium 
guajava) 45 50 NR NR 10.4 10.8 MUFA DPPH 58.9% Kapoor et al. 

(2020)

75.2 linoleic

Algerian fenugreek
(Trigonella
foneum- graecum)

35 54.1 NR 0.5 5.4
41.4 linoleic
28.9 oleic
12.5 palmitic

NR Ismahene et al.
(2021)

Moringa oleifera  40.3 40 30 42 25.25

69.7 oleic
7.35-7.63 behenic
5.45-5.99 stearic
5.44-5.73 arachidic

NR Elsayed (2023)

Cucurbita sp. 35 NR 35 30 74.9

39.8 linoleic
35.3 oleic
13.3 stearic
10.74 palmitic

DPPH= 0.68 mg·ml- 1 Hu et al. (2023).

Opuntia ficus- 
indica (OFI) L. and 
Opuntia dillenii (OD

30 60 NR 1
OF= 8.3 
and 7.7

OD= 7.4

62 linoleic
9.88-13.97 oleic
11.8-12.6 palmitic
0.37-0.42 alfa-linleic

DPPH (polar component) 
= 0.20
mg·ml- 1

DPPH (No Polar 
component) = 0.47 
mg·ml- 1
DPPH (OFI)= 42.16 
mg·ml- 1

DPPH (OD)= 42.67 
mg·ml- 1

Al-Naqeb et al. 
(2023)

Abbreviations: ABTS=(2, 2’- azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)), DPPH=2, 2-diphenyl-1-picrylhydrazyl, Fr=flow rate, FRAP=ferric 
reducing antioxidant power, MUFA=monounsaturated fatty acids, PUFA=polyunsaturated fatty acids NR=not reported, Pr=pressure, SFA=saturated 
fatty acids, T=Temperature, t=Time, UFA=unsaturated fatty acids.

Naupia-Belo et al. (2019) observed that increasing pressure led to an growth in the amount of oil extracted 
due to changes in fluid density. At the highest densities, the space between CO₂ molecules diminishes, 
enhancing interaction between oil and CO₂, leading to increased oil solubility in SFE-CO₂. Additionally, 
higher pressure caused significant cell wall rupture and improved solvent penetration into the extracted 
material. In contrast, Ismahene et al. (2021) found that increasing pressure beyond 4.00 MPa decreased 



6  •  G.V. Salinas-Maldonado; G.A. Cardoso-Ugarte; B. Pérez-Armendáriz; M.R. Robles-López; M.L. Meza-Jiménez

Grasas y Aceites 76 (2), April-June 2025, ISSN-L: 017-3495, eISSN: 1988-4214. https://doi.org/10.3989/gya.1096241.2256

diffusivity, making the passage of oil molecules through the matrix difficult and reducing the oil yield. 
Temperature, when held as a constant parameter, contributed to an increase in oil yield extraction when 
pressure and particle size were modified. Both temperature and pressure parameters are relevant due to their 
influence on the physical properties of SFE-CO₂, such as diffusivity, viscosity, and density. These parameters 
also affect its solvent power, and adjusting their values significantly modifies the solubility of the solute. 
SFE-CO₂ can also modify the fatty acid composition, increasing the proportion of MUFA and PUFA in the 
oil and extracting higher amounts of bioactive compounds with antioxidant properties as phenolics and 
antioxidant activity. This is because the cell wall rupture and changes in fluid density caused by pressure can 
increase the dissolution of the components of the oil. To take advantage of the benefits of this technology, 
it is essential to optimize temperature and pressure conditions depending on the raw material used for oil 
extraction, as these variables have a significant impact on extraction yield and quality.

3.3. Ultrasound-Assisted Extraction

3.3.1. Basis

Ultrasound-assisted extraction (UAE) is characterized by simplicity, reduced treatment time, and minimal 
solvent usage. UAE easily integrates with other extraction methods and operates at room temperature, 
preventing oxidation and product decomposition (Louie et al., 2020). Ultrasonic systems typically consist of 
a transducer that converts electrical energy to sonic energy and an emitter or reactor amplifying the waves. 
The most used equipment includes ultrasonic probe systems and ultrasonic baths (Figure 3). Originally 
designed for laboratory use, ultrasonic baths enable solid-solvent dispersion, while the more potent probe 
system, with lower ultrasonic dispersion, is preferred for smaller volumes. On an industrial scale, reactors 
with volumes ranging from 30 L to 1000 L, equipped with coupled probing systems, have been developed to 
scale up from laboratory ultrasonic baths (Pingret et al., 2013).

 

 Figure 3. Ultrasound equipment. Ultrasonic system. A: Ultrasound bath, B: Ultrasound reactor with stirring, C: Ultrasound probe ((Pingret et al., 2013). 
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FIGURE 3.  Ultrasound equipment. Ultrasonic system. A: Ultrasound bath, B: Ultrasound reactor with stirring, 
C: Ultrasound probe (Pingret et al., 2013).

In UAE, factors like amplitude, temperature, extraction time, pressure, acoustic power, frequency, 
and ultrasound intensity affect solvent penetration and intensity of mass transfer (Wong et al., 2019). 
The phenomenon of cavitation involves exposing plant material in a liquid medium to ultrasonic waves, 
generating vibration and acceleration that create bubbles in a negative pressure environment. As the pressure 
and temperature increase, bubble collapse occurs. When this collapse happens near the solid surface, resulting 
shock waves break the cell walls, facilitating solvent penetration into the plant material and allowing the 
release of bioactive compounds (Böger et al., 2018).
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3.3.2. Application

UAE has gained significant interest in vegetable oil extraction (Table 2), with the potential to maintain 
oil composition through short extraction times due to the cavitation phenomenon affecting transport and 
extraction rates (Wong et al., 2019).

TABLE 2.  Overview of studies on oil extraction using ultrasound-assisted extraction

Seed oil Optimal treatment conditions Parameters analyzed

P
[W]

T 
[°C]

t 
[min]

A 
[%] F [KHz] Yield 

[%]
Fatty acid 

composition [%]
AA [%, mg·ml–1/Eq 

Trolox.] Reference

Hemp 
(Cannabis sativa L.) 800 45 60 NR NR 31.7 NR DPPH 76.5% Kenari and Dehghan 

(2020)

Passion fruit (Passiflora 
edulis) 165 60 30, 50 NR 25 29

59-61 PUFA
59-61 linoleic
17.4 oleic

NR Massa et al., (2021)

Red fruit (Pandanus 
conoideus) 200 67 80 100 24 9.7 NR

DPPH
0.0377 to
0.0502 mg·ml- 1

Susanti et    
al., (2022)

Madhuca longifolia NR 35 35 40 NR 59.7

46 oleic
22 palmitic
21 stearic
10 linoleic

ABTS= 39.8 mg·ml- 1

DPPH= 0.10 mg·ml- 1
Thilakarathna et al., 

(2023)

Apple seed 18-70 30 5-30 20-80 NR 14.7-18.1 35.5 linoleic 0.22 mg eq Trolox/g Gasparini et al., 2023

Rubus fructicosus NR 45 15 NR NR 87.34

64.86 linoleic
16.52 oleic
11.28 alfa linolenic
4.2 palmitic
3.14 stearic

NR Matei et al. (2023)

Vaccinium macrocarpon NR NR 11.8 95 NR 21.98

36 linolenic
30-31 alfa linolenic
24 oleic
5.9-6 palmitic
1.28 stearic

NR Piasecka et al., 
(2023)

Abbreviations: A=amplitude, DPPH=2,2-diphenyl-1-picrylhydrazyl, F= frequency, FRAP= ferric reducing antioxidant power, P=power, 
PUFA=polyunsaturated fatty acids, SFA=saturated fatty acids, NR=not reported, MeqTE/Kg- 1=miliequivalents of Trolox equivalents per kilogram, 
t=time, T=temperature.

UAE technology has been applied for oil extraction in various seeds. In the study of Taticchi et al. (2019) 
Ogliarola garganica seed oil was extracted using ultrasound-assisted extraction. The results showed a 
22.7% increase in yield compared to the control solvent extraction. The acquisition of bioactive compounds 
improved, particularly with increased concentrations of hydrophilic phenols and alpha tocopherols. Another 
study demonstrated the effectiveness of ultrasound as a pre-treatment for Forsythia suspensa seed oil, 
comparing the composition and antioxidant activity of oil processed by UAE, Soxhlet, hydro distillation, and 
SFE-CO₂. Results indicated higher oil quality with increased antioxidant activity when seeds were processed 
with ultrasound and ethanol as solvent (Ming et al., 2019). Isopencu et al. (2018) observed that oil yield was 
primarily affected by the intensity, time, and temperature of the ultrasound-assisted extraction process in 
extracting sea buckthorn seed oil.

Most of the studies on oil extraction using UAE technology have shown that manipulation in the 
parameters significantly impacts oil quality and recovery. Temperature, at elevated values, can result in 
less intense bubble collapse, leading to reduced oil extraction and total phenol content, potentially causing 
the loss of thermolabile compounds (Susanti et al., 2022). Böger et al. (2018) observed a negative effect 
of increased temperature on yield, with higher yields achieved at lower temperature values. This behavior 
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may be attributed to the reduced vapor pressure of the solvent at low temperatures, resulting in fewer 
cavitation bubbles and greater intensity of bubble collapses due to high pressure between the inside and 
outside of the bubbles. Senrayan and Venkatachalam (2018) found that extended exposure to ultrasound 
waves could cause degradation of compounds due to the large amount of energy delivered by UAE, 
and the cavitation increases the contact surface between solid and liquid. Massa et al. (2021) observed 
that increasing temperature and exposure time in ultrasound-assisted extraction favored oil recovery. 
Exposure time to cavitation enhanced cell wall rupture, boosting oil yield. Elevated temperature promoted 
oil extraction through the thermodynamic effect, reducing solvent viscosity and surface tension while 
improving the diffusion coefficient. However, excessive increases in time, temperature, or solid-solvent 
ratio may lead to adverse effects.

Other important parameters to consider that can affect oil extraction are ultrasound amplitude and solid-
solvent ratio. Sánchez et al. (2019) noted that increasing ultrasound amplitude results in higher absorbed 
power, thereby enhancing the extraction process. However, this elevated ultrasound power may also lead 
to the degradation of certain compounds, such as tocopherols, or cause a dilution due to the increased 
amount of extracted oil. Wong et al. (2019) and Kenari and Dheghan (2020) explained that an increase 
in the solid-solvent ratio promoted mass transfer owing to a higher contact area and an increase in the 
concentration gradient between the two phases. UAE technology has advantages over traditional methods 
in preserving the fatty acid composition and recovering bioactive compounds (phenols and tocopherols), 
as it operates at shorter times and lower temperatures. However, excessive increases in parameters such 
as time and temperature can be counterproductive to the recovery of bioactive compounds. Prolonged 
exposure to bubble collapse at high pressure and temperature can degrade these compounds. Optimizing 
the parameters of UAE, including time, temperature, and amplitude according to the raw material of 
the oil of interest, is essential to maximize oil yield and preserve the integrity of bioactive compounds. 
However, it is important to find the right balance, as excessive values of these parameters can lead to 
degradation of sensitive compounds.

3.4. Pulsed Electric Field

3.4.1. Basis

Pulsed electric field (PEF) is a non-thermal technology designed to replace or complement traditional 
thermal processing of foods. PEF induces electroporation of cell membranes, enhancing the diffusivity of 
valuable components of plant tissues at room temperature (Barba et al., 2015). Short, high-power electrical 
pulses are delivered to a product in a treatment chamber between electrodes, with pulse duration ranging 
from nanoseconds to milliseconds and electric pulse field strength varying from 100-300 V·cm⁻¹ to 20-80 
kV·cm⁻¹. A typical PEF unit comprises a high-voltage pulse generator, a treatment chamber with a fluid-
managing assembly, and a monitoring and control system (Figure 4).
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FIGURE 4.  Pulsed electric field system. Pulsed electric field equipment. The equipment consists in a chamber where the sample is placed 
between two electrodes. The electrodes are used to apply the electric field, and a PEF generator with a control panel is used to adjust the 
electric field parameter (Ranjha et al., 2021).

3.4.2. Application

In an application of PEF to extract oil from olive pastes (2kV·cm⁻¹, frequency 25 Hz, pulse width 50 μs), 
the extraction yield was 85.5%, which was higher than by Soxhlet extraction (79.5%). Regarding oil quality, 
the volatile fraction of the experimental sample did not show significant differences in the saturated and 
unsaturated C5 aldehydes, C6 aldehydes, and total esters. The concentration of phenolic compounds in 
the oil slightly increased in the number of dialdehyde forms of decarboxymethyl oleanolic acid linked to 
hydroxytyrosol (3,4-DHPEA-EDA or oleoresin) and to tyrosol (p-HPEA-EDA or oleocanthal) compared to 
the control test. The PEF treatment resulted in an increase in phenolic compounds compared to the control 
test. When applied to the malaxed olive paste, PEF improved the release of phenols and their solubilization 
into the oil phase (Veneziani et al., 2019).

The application of PEF in oil extraction from plant seeds is limited (Table 3). Haji-Moradkhani et al. 
(2019) used the technology to extract Cannabis sp. seed oil, finding that a PEF intensity of 3 kV·cm⁻¹ and 
press speed of up to 0.33 Hz gave optimal yield, resulting in an extraction efficiency of 28.0%. Mohseni 
et al. (2019) observed a positive effect of PEF in the oil extraction of Niger seeds using PEF with 
microwave-assisted extraction. They found a significant effect (p < 0.05) on the individual variables but 
not in the interaction of the variables (p > 0.05). This effect was attributed to the PEF variables causing 
enhancement in oil extraction due to the electrical destruction of cells, allowing for increased solvent 
penetration. However, higher intensity could lead to a decrease in oil extraction efficiency. Furthermore, 
the PEF plus microwave treatment affected the fatty acids profile by decreasing unsaturated fatty acids 
and increasing saturated fatty acids (p < 0.05) due to the susceptibility of unsaturated fatty acids to 
elevated temperatures. PEF can enhance cell membrane permeability and rupture, resulting in positive 
effects on oil extractability and quality (including bioactive compounds as phenolic compounds an 
antioxidants). Additionally, this technology enhances the recovery of phenolic compounds due to 
its ability to cause electrical destruction of cell walls, allowing better solvent penetration. Further 
research is necessary to optimize extraction conditions, as excessive increases in electric field intensity 
could negatively impact oil yield. Another important aspect to highlight is the potential use of PEF in 
combination with other extraction technologies, further enhancing oil recovery.
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Table 3.  Overview of studies on oil extraction using a pulsed electric field

Seed oil Optimal treatment conditions Parameters analyzed

I
[kV·cm- 1]

EI
 [kJ·kg-1]

t 
[min]

Yield 
[%] Composition [%] AA 

[mg·ml–1] Reference

Niger 
(Guizotia abyssinica) 0-5 NR 2.6 35 74.6 linoleic NR Mohseni et al. (2019)

Hemp 
(Cannabis Sativa L.) 3 NR NR 27.9 NR NR Haji-Moradkhani et al. (2019)

Pecan nuts 
(Carya illinoinensis) 5 0.8 NR 88.7 NR NR Rábago-Panduro et al. (2021)

Coriander 
(Coriandrum sativum L.) 0-1.75 NR NR 0.39 NR 0.41 Ghazanfari et al. (2023)

Vitis vinifera 5 NR 5 8.18

63.9 linoleic
7.61-8.61 palmitic

2.05-2.11 oleic
0.44-0.45 stearic

NR Ćurko et al. (2023)

Paeonia sp. 5 NR NR 29 Nr NR Xu et al. (2024)

Abbreviations: I=intensity, EI=electric intensity, t=time, UFA=unsaturated fatty acids.

4. CONCLUSIONS AND PERSPECTIVES

4.1. Conclusions

Non-thermal technologies represent a promising alternative to overcoming the limitations of traditional 
extraction methods by improving yield and oil quality. Supercritical fluid extraction (SFE) is the most 
extensively studied due to its ability to use CO2 in its supercritical state as a solvent. Its capacity to operate 
at shorter times and lower temperatures enhances extraction yield while maintaining the antioxidant activity 
of the product. Ultrasound-assisted extraction is an alternative for vegetable oil extraction, highlighting 
the advantage of increased yield. However, it is important to note that the samples at prolonged ultrasound 
exposure may exhibit decomposition of fatty acids and a change in their profile. Concerning antioxidant 
activity, it is either maintained or improved through this method. Pulsed electric field (PEF), though used in 
vegetable oil extraction on a limited industrial scale, requires more in-depth research to understand its effects.

Overall, non-thermal technologies facilitate cell membrane rupture and improve mass transfer, optimizing 
oil extraction process by increasing yield and bioactive compound availability. Their ability to operate at 
shorter times and lower temperatures contributes to better antioxidant compounds recovery and minimal fatty 
acids degradation. However, further exploration and research are necessary for non-thermal technologies to 
establish their efficacy, excessive increase in process parameters such as temperature, time, electric field 
intensity or ultrasound amplitude, may have counterproductive effects on oil recovery. Continued research is 
essential to adapt these technologies to different oilseeds and establish optimal processing conditions.

4.2. Perspectives

The utilization of non-thermal technologies in vegetable oil extraction has demonstrated notable process 
enhancements, resulting in increased yields, elevated antioxidant compound levels, enhanced activity, and 
a favorable fatty acid composition of the product. However, it is crucial to note that not all non-thermal 
technologies produce the same effects in vegetable oil extraction. For instance, some technologies may result 
in lower yields but produce oil of superior quality enriched with bioactive compounds compared to oils 
extracted using conventional methods.

This highlights the need for dedicated research aimed at optimizing extraction processes. Evaluating the 
most appropriate techniques and their optimal conditions to achieve higher yields and improve oil quality, 
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while simultaneously tailoring these parameters to the unique characteristics of the specific plant under 
consideration, is essential. Such efforts have the potential to facilitate the integration of these innovations 
into industry. This, in turn, drives the industry to shift towards more efficient extraction methods while also 
promoting oils with improved applications and properties.

Furthermore, certain non-thermal technologies, such as high voltage electric field, cold plasma, and their 
combinations, are employed for extracting bioactive compounds. These techniques, although not extensively 
studied in the context of vegetable oil extraction, hold the potential to increase yield, improve fatty acid 
profiles, and enhance the antioxidant activity of extracted vegetable oils.

REFERENCES

Al-Naqeb G, Cafarella C, Aprea E, Ferrentino G, Gasparini A, Buzzanca C, Micalizzi G, Dugo P, Mondello 
L, Rigano F. 2023. Supercritical fluid extraction of oils from Cactus Opuntia ficus-indica L. and Opuntia 
dilleni seeds. Foods 12 (3), 618. <http://doi.org/10.3390/foods12030618>

Amani M, Ardestani NS, Honarvar B 2021. Experimental optimization and modeling of supercritical fluid 
extraction of oil from Pinus gerardiana. Chem. Eng. Technol. 44, 578-588. < https://doi.org/10.1002/
ceat.202000347>

Ahangari H, King JW, Ehsani A,  Yousefi, M. (2021). Supercritical fluid extraction of seed oils–A short review 
of current trends. Trends Food Sci. Technol. 111, 249-260. https://doi.org/10.1016/j.tifs.2021.02.049

Azam MM, Ramya KT, Abdul Fiyaz R, Ajay BC, Waris A, Manjunatha T. 2019. Hidden Treasures of Edible 
Oils and their health benefits. Popular Kheti 7 (3), 53-56. ISSN: 2321-0001

Barba FJ, Parniakov O, Pereira SA, Wiktor A, Grimm N, Boussetta N, Saraiva JA, Raso J, Martin-Belloso 
O, Witrowa-Rajchert D, Lebovka N, Vorobiev E. 2015. Current applications and new opportunities for the 
use of pulsed electric fields in food science and industry. Food Res. Internat. 77 (4), 773-798. <https://doi.
org/10.1016/j.foodres.2015.09.015>

Böger BR, Salviato A, Valezi DF, Di Mauro E, Georgetti SR, Kurozawa LE. 2018. Optimization of ultrasound-
assisted extraction of grape-seed oil to enhance process yield and minimize free radical formation. J. Sci. 
Food Agric. 98, 5019-5026.  <https://doi.org/10.1002/jsfa.9036>

Ćurko N, LukiĆ K, Tušek AJ, Balbino S, Pavičić TV, Tomašević M, Redovniković I R, Ganić KK. 2023. 
Effect of cold pressing and supercritical CO2 extraction assisted with pulsed electric fields pretreatment on 
grape seed oil yield, composition and antioxidant characteristics. LWT - Food Sci. Technol. 184, 114974. 
<https://doi.org/10.1016/j.lwt.2023.114974>

Elsayed EM. 2023. Evaluation of Moringa oleifera seed oil extracted with different extraction methods. 
Croatian J. Food Sci. Technol. 15, 1-7. <https://doi.org/10.17508/cjfst.2023.15.1.01>

Ferrentino G, Giampiccolo S, Morozova NH, Spilimbergo S, Scampicchio M. 2020. Supercritical fluid 
oil extraction from apple seeds: Process optimization, chemical characterization, and comparison with 
conventional solvent extraction. Innov. Food Sci. Emerg. Technol. 64, 102428. <https://doi.org/10.1016/j.
ifset.2020.102428>

Gasparini A, Ferrentino G, Angeli L, Morozova K, Zatelli D, Scampicchio M. (2023). Ultrasound assisted 
extraction of oils from apple seeds: A comparative study with supercritical fluid and conventional solvent 
extraction. Innov. Food Sci. Emerg. Technol. 86, 103370. <https://doi.org/10.1016/j.ifset.2023.103370>

Ghazanfari N, Yazdi FT, Mortazavi SA, Mohammadi M. 2023. Using pulsed electric field pre-treatment to 
optimize coriander seeds essential oil extraction and evaluate antimicrobial properties, antioxidant activity, and 
essential oil compositions. LWT - Food Sci. Technol. 182, 114852. <https://doi.org/10.1016/j.lwt.2023.114852>

Haji-Moradkhani A, Rezaei R, Moghimi, M. 2019. Optimization of pulsed electric field-assisted oil extraction 
from Cannabis sp. seeds. Food Proc. Eng. 42 (3), 1-8. <https://doi.org/10.1111/jfpe.13028>

Han L, Han Q, Yang Y, Wang H, Wang S, Li G. 2020. Characterization and biological activities of seed 
oil extracted from Berberis dasystachya Maxim. by the supercritical carbon dioxide extraction method. 
Molecules 25, 1836. <https://doi.org/10.3390/molecules25081836>

http://doi.org/10.3390/foods12030618
https://doi.org/10.1002/ceat.202000347
https://doi.org/10.1002/ceat.202000347
https://doi.org/10.1016/j.foodres.2015.09.015
https://doi.org/10.1016/j.foodres.2015.09.015
https://doi.org/10.1002/jsfa.9036
https://doi.org/10.1016/j.lwt.2023.114974
https://doi.org/10.17508/cjfst.2023.15.1.01
https://doi.org/10.1016/j.ifset.2020.102428
https://doi.org/10.1016/j.ifset.2020.102428
https://doi.org/10.1016/j.ifset.2023.103370
https://doi.org/10.1016/j.lwt.2023.114852
https://doi.org/10.1111/jfpe.13028
https://doi.org/10.3390/molecules25081836


12  •  G.V. Salinas-Maldonado; G.A. Cardoso-Ugarte; B. Pérez-Armendáriz; M.R. Robles-López; M.L. Meza-Jiménez

Grasas y Aceites 76 (2), April-June 2025, ISSN-L: 017-3495, eISSN: 1988-4214. https://doi.org/10.3989/gya.1096241.2256

Hu T, Zhou L, Kong F, Wang S, Hong K, Lei F, He D. 2023. Effects of Extraction Strategies on Yield, 
Physicochemical and Antioxidant Properties of Pumpkin Seed Oil. Foods 12, 3351. <https://doi.
org/10.3390/foods12183351>

Ismahene H, Nawel O, Abdeslam-Hassen M. 2021. Supercritical carbon dioxide extraction of Algerian 
fenugreek seed oil (Trigonella foenum-gracecum L.) experimental study and optimization of oil yield. 
International Renewable Energy Congress. 2021. Uluslararasi Kibris Universitesi. Chipre. 19 May 2021. 
<https://doi.org/10.1109/IREC48820.2020.9310388>

Isopencu G, Stroescu M, Brosteanu A, Chira N, Parvulescu OC, Busuioc C, Stoica-Guzun A. 2018. 
Optimization of ultrasound and microwave assisted oil extraction from sea buckthorn seeds by response 
surface methodology. J. Food Proc. Eng. 42 (12), e12947. <  https://doi.org/10.1111/jfpe.12947>.

Jadhav HB, Annapure US, Deshmukh RR. 2021. Non-thermal Technologies for Food Processing. Frontiers 
Nutrit. 8. <https://doi.org/10.3389/fnut.2021.657090>

Jiao Z, Ruan N, Wang W, Guo M, Han S, Cheng J. 2020. Supercritical carbon dioxide co-extraction of perilla 
seeds and leaves: Experiments and optimization. Separation Sci. Tech. 56, 617-630. <https://doi.org/10.1
080/01496395.2020.1728320>

Kapoor S, Gandhi N, Kumar-Tyagi S, Kaur A, Mahajan BVC. 2020. Extraction and characterization of guava 
seed oil: A novel industrial byproduct. LWT - Food Sci. Tech. 132, 109882. <https://doi.org/10.1016/j.
lwt.2020.109882>.

Kenari RE, Dehghan B. 2020. Optimization of ultrasound-assisted solvent extraction of hemp (Cannabis 
sativa L.) seed oil using RSM: Evaluation of oxidative stability and physicochemical properties of the oil. 
Food Sci. Nutr. 8, 4976-4986. <https://doi.org/10.1002/fsn3.1796>

Kumar A, Sharma A, Upadhyaya KC. 2016. Vegetable oil: Nutritional and industrial perspective. Current 
Genom. 17, 230-240. <https://doi.org/10.2174/1389202917666160202220107>.

Louie KB, Kosina SM, Hu Y, Otani H, De Raad M, Kuftin AN, Northen TR. 2020. Mass spectrometry for 
natural product discovery. In Reedijk, J. (Eds.): Reference module in chemistry, molecular sciences, and 
chemical engineering. Elsevier, California, United States. <https://doi.org/10.1016/b978-0-12-409547-
2.14834-6>.

Massa TB, Iwasa IJ, Stevanato N, Garcia VAS, Silva C. 2021. Passion fruit seed oil: extraction and subsequent 
transesterification reaction. Grasas Aceites 72, e443. <https://doi.org/10.3989/gya.0442201>

Mazurek B, Ryszko U, Kostrzewa D, Chmiel M, Kondracka M. 2022. Brief characteristics of oxidative 
stability, fatty acids, and metal content in selected berry seed extracts obtained by SFE technique 
and used as a potential source of nutrients. Food Chem. 367, 130752. <https://doi.org/10.1016/j.
foodchem.2021.130752>.

Matei PL, Deleanu I, Brezoiu AM, Chira NA, Busuioc C, Isopencu G, Cîlțea-Udrescu M, Alexandrescu E, 
Stoica-Guzun A. (2023). Ultrasound-Assisted Extraction of Blackberry Seed Oil: Optimization and Oil 
Characterization. Molecules 28, 2486. <https://doi.org/10.3390/molecules28062486>

Metzner CR, Poiana MA. 2018. Fruit-based natural antioxidants in edible oils: a review. J. Agroal. Proc. 
Technol. 24 (2), 110-117.

Ming L, Huang H, Jiang Y, Cheng G, Zhang D, Li Z. 2019. Quickly identifying high-risk variables of 
ultrasonic extraction oil from multi-dimensional risk variable patterns, and a comparative evaluation of 
different extraction methods on the quality of Forsythia suspensa seed oil. Molecules 24, 3445. <https://
doi.org/10.3390/molecules24193445>

Mohseni NM, Mirzaei H, Moghimi M. 2019. Optimized extraction, and quality evaluation of Niger seed oil 
via microwave pulsed-electric field pretreatments. Food Sci. Nutr. 8, 1383-1393. <https://doi.org/10.1002/
fsn3.1396>.

Moreira SA, Alexandre EMC, Pintado M, Saraiva JA. 2018. Effect of emergent non-thermal extraction 
technologies on bioactive individual compounds profile from different plant materials. Critical Reviews 
Food Sci. Nutr. 113, 85-94. <https://doi.org/10.1016/j.foodres.2018.08.046>

Naupia-Belo Y, Al-Hamimi S, Chimuka L, Turner C. 2019. Ultrahigh-pressure supercritical fluid extraction 
and chromatography of Moringa oleifera and Moringa peregrina seed lipids. Anal. Bioanal. Chem. 411, 
3685-3693. <https://doi.org/10.1007/s00216-019-01850-x>.

https://doi.org/10.3390/foods12183351
https://doi.org/10.3390/foods12183351
https://doi.org/10.1109/IREC48820.2020.9310388
https://doi.org/10.1111/jfpe.12947
https://doi.org/10.3389/fnut.2021.657090
https://doi.org/10.1080/01496395.2020.1728320
https://doi.org/10.1080/01496395.2020.1728320
https://doi.org/10.1016/j.lwt.2020.109882
https://doi.org/10.1016/j.lwt.2020.109882
https://doi.org/10.1002/fsn3.1796
https://doi.org/10.2174/1389202917666160202220107
https://doi.org/10.1016/b978-0-12-409547-2.14834-6
https://doi.org/10.1016/b978-0-12-409547-2.14834-6
https://doi.org/10.3989/gya.0442201
https://doi.org/10.3390/molecules28062486
https://doi.org/10.3390/molecules24193445
https://doi.org/10.3390/molecules24193445
https://doi.org/10.1002/fsn3.1396
https://doi.org/10.1002/fsn3.1396
https://doi.org/10.1016/j.foodres.2018.08.046
https://doi.org/10.1007/s00216-019-01850-x


Non-thermal technologies in vegetable oil extraction: yield, composition, and antioxidant activity. A review• 13

Grasas y Aceites 76 (2), April-June 2025, ISSN-L: 017-3495, eISSN: 1988-4214. https://doi.org/10.3989/gya.1096241.2256

Nde DB, Foncha AC. 2020. Optimization methods for the extraction of vegetable oils: a review. Processes 
8, 1-21 <https://doi.org/10.3390/pr8020209>

Picart-Palmade L, Cunault C, Chevalier-Lucia D, Belleville M, Marchesseau S. 2019. Potentialities and 
Limits of Some Non-thermal Technologies to Improve Sustainability of Food Processing. Front. Nutr. 5, 
130. <https://doi.org/10.3389/fnut.2018.00130>

Pingret D, Fabiano-Tixier AS, Chemat F. 2013. Ultrasound-assisted extraction. In Prado, JM, Rostango, 
MA. (Eds.): Natural product extraction principles and applications. Royal Soc. Chem. Campinas, Brazil. 
<https://doi.org/10.1039/9781849737579-00089>.

Piasecka I, Ostrowska-Ligęza E, Wiktor A, Górska, A. 2023. Ultrasound assisted extraction of cranberry seed 
oil: food waste valorization approach. Eur. Food Res. Technol. 249, 2763-2777. < https://doi.org/10.1007/
s00217-023-04326-6>

Rábago-Panduro LM, Morales de la Peña M, Romero-Fabregat MP, Martín-Belloso O, Welti-Chanes J. 
2021. Effect of pulsed electric fields (PEF) on extraction yield and stability of oil obtained from dry pecan 
nuts (Carya illinoinesis). Foods 10, 1541,1-12. <https://doi.org/10.3390/foods10071541>

Ranjha MMA, Kanwal R, Shafique B, Arshad RN, Irfan S, Kieliszek M,  Aadil R M. 2021. A critical review 
on pulsed electric field: A novel technology for the extraction of phytoconstituents. Molecules 26 (16), 
4893. https://doi.org/10.3390/molecules26164893

Sánchez RJ, Fernández MB, Nolasco SM. 2019. Canola oil with high antioxidant content obtained by 
combining emerging technologies: microwave, ultrasound, and a green solvent. European J. Lipid Sci. 
Technol. 121, 1-9. <https://doi.org/10.1002/ejlt.201900152>

Sapkale GN, Patil, SM, Surwase US, Bhatbage PK. 2010. Supercritical fluid extraction. Internat. J. Chem. 
Sci. 8, 729-743. <https://doi.org/10.1201/b17997-15>

Senrayan J, Venkatachalam S. 2018. A short extraction time of vegetable oil from Carica papaya L. seeds 
using continuous ultrasound acoustic cavitation: Analysis of fatty acid profile and thermal behavior. Food 
Proc. Eng. 9, e12950. <https://doi.org/10.1111/jfpe.12950>.

Susanti EP, Rohman A, Setyaningsoh W. 2022. Dual response optimization of ultrasound-assisted oil 
extraction from red fruit (Pandanus conoideus): recovery and total phenolic compounds. Agronomy 12, 
253. <https://doi.org/10.3390/agronomy12020523>.

Taticchi A, Selvaggani R, Esposto S, Sordini B, Veneziani G, Servili M. 2019. 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. 289 7-15. <https://doi.org/10.1016/j.
foodchem.2019.03.041>

Thilakarathna R, Siow, LF, Tang T, Chan E, Lee, Y. 2022. Physicochemical and antioxidative properties of 
ultrasound-assisted extraction of mahua (Madhuca longifolia) seed oil in comparison with conventional 
Soxhlet and mechanical extractions. Ultrasonics Sonochem. 92, 106280. <https://doi.org/10.1016/j.
ultsonch.2022.106280>

Veneziani G, Esposto S, Taticchi A, Selvaggini R, Sordini B, Lorefice A, Daidone L, Pagano, M, Tomasone 
A, Servili M. 2019. Extra-virgin olive oil extracted using pulsed electric field technology: Cultivar impact 
on oil yield and quality. Frontiers Nutrit. 6, 134. <https://doi.org/10.3389/fnut.2019.00134>.

Viana da Silva M, Santos MRC, Alves Silva IR, Macedo Viana EB, Dos Anjos DA, Santos IA, Lannes SC. 
2021. Synthetic and Natural Antioxidants Used in the Oxidative Stability of Edible Oils: An Overview. 
Food Rev. Internat. 38, 349-372. <https://doi.org/10.1080/87559129.2020.1869775>.

Wong ST, Tan MC, Geow CH. 2019. Optimization of ultrasound-assisted ethanol extraction of hazelnut oil. 
J. Food Proc. Preserv. 43, 1–9. <https://doi.org/10.1111/jfpp.14138>.

Xu W, Liu J, Tian Y, Liu J, Chang Z. 2024. Effects of Pulsed Electric Field on Oil Extraction Rate and 
Tocopherol in Peony Seeds. Applied Sci. 14, 3299. <https://doi.org/10.3390/app14083299>

Yousefi M, Rahimi-Nasrabadi M, Pourmortazavi SM, Wysokowski M, Jesionowski T, Ehrlich, H, Mirsadeghi 
S. 2019. Supercritical fluid extraction of essential oils. Trends Anal. Chem. 118, 182-193. <https://doi.
org/10.1016/j.trac.2019.05.038>

https://doi.org/10.3390/pr8020209
https://doi.org/10.3389/fnut.2018.00130
https://doi.org/10.1039/9781849737579-00089
https://doi.org/10.1007/s00217-023-04326-6
https://doi.org/10.1007/s00217-023-04326-6
https://doi.org/10.3390/foods10071541
https://doi.org/10.1002/ejlt.201900152
https://doi.org/10.1201/b17997-15
https://doi.org/10.1111/jfpe.12950
https://doi.org/10.3390/agronomy12020523
https://doi.org/10.1016/j.foodchem.2019.03.041
https://doi.org/10.1016/j.foodchem.2019.03.041
https://doi.org/10.1016/j.ultsonch.2022.106280
https://doi.org/10.1016/j.ultsonch.2022.106280
https://doi.org/10.3389/fnut.2019.00134
https://doi.org/10.1080/87559129.2020.1869775
https://doi.org/10.1111/jfpp.14138
https://doi.org/10.3390/app14083299
https://doi.org/10.1016/j.trac.2019.05.038
https://doi.org/10.1016/j.trac.2019.05.038



