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Abstract

This experimental study was conducted to investigate the quali-
tative and quantitative variations of pulsed electric field (PEF)
application on the extraction of basil essential oil. This method is
presented as non-thermal technique for permeabilizing plant tis-
sue membranes, thereby improving extraction yield and effi-
ciency. Optimal PEF energy levels can significantly improve oil
yield without compromising quality, making it a valuable tech-
nique for industrial applications. The tests were carried out with
a laboratory-scale installation that includes a high-voltage pulse
generator generating exponential decay wave pulses at a fre-
quency of 1 Hz. After treatment with a pulsed electric field (PEF)
with an intensity of 2 kV.cm-1, a specific energy of 5 k].kg! and a
60-minute distillation, the yield of basil EO increased from 0.63%
(control) to 0.82%, an increase of 30.16%. However, when the
basil leaves were treated with a very high specific energy PEF (50
k].kg1), a non-significant increase in EO yield compared to the
control was observed. The relatively low energy consumption
and the processing speed enabled by the PEF technique repre-
sent a major asset for the processing of plant raw materials. The
study of the effect of pulsed electric field (PEF) on the absorbance
of basil EO revealed an increase in the absorption of essential oils
when applying PEF at moderate specific energies. High absorb-
ance, as in the case of basil essential oil treated with a PEF of 2
kV.cm'! and a specificenergy of 10 k].kg!, indicates that the sam-
ple has a high reducing power. This is important for quality con-
trol of essential oils in industry.
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1. Introduction

Essential oils (EOs) have diverse applications in industries such as pharmaceuticals, food, cos-
metics, and agriculture due to their antimicrobial, antioxidant, anti-inflammatory, antiviral, and
aromatic properties (Al-Refaie et al.,, 2023; Salanta & Cropotova, 2022; Sharma et al.,, 2023). Their
bioactive compounds contribute to therapeutic benefits, including pathogen inhibition, oxidative
stress reduction, and immune support (Hassid et al., 2024; Hou et al.,, 2022; Prakash et al., 2024).
Additionally, their aromatic qualities enhance personal care products and aromatherapy, promot-
ing mental well-being.

EOs are used in the agricultural sector as natural substitutes for synthetic pesticides and herb-
icides (Bolouri et al,, 2022) and as green insecticides Owing to their minimal impact on the envi-
ronment. (Popescu et al,, 2024) . Additionally, EOs play a role in preventing preharvest sprouting
in crops like wheat and barley, contributing to improved yield and quality in agriculture (Bolouri
et al, 2022). The application includes pest control management due to their bioactivities
(Kiruthika & Vishali, 2023; Prakash et al., 2024).

Research indicates that EOs have the ability to biodegrade into non-toxic compounds, making
them a promising option for developing safer pesticide formulations in agriculture (Assadpour et
al,, 2024). Additionally, they can help prevent preharvest sprouting in crops like wheat and barley,
contributing to improved yield and quality in agriculture (Bolouri et al., 2022), and their compo-
nents can serve as beneficial food supplements, potentially enhancing growth in livestock (Wike
et al, 2024).

Basil essential oil (BEQ), derived from Ocimum basilicum, is a versatile product with a wide
range of industrial applications. BEO is used in food packaging to extend shelf life due to its anti-
microbial properties (Amor et al,, 2021) . Additionally, BEO treatments on tomatoes have shown
to reduce microbial growth and maintain quality during storage, demonstrating its potential as a
natural preservative (lonica et al., 2022). Its application in fruit production chains helps in main-
taining fruit quality and reducing spoilage (Tangpao et al., 2022).

The aromatic properties of basil essential oil make it a popular choice for flavoring in culinary
applications. Its use in enhancing the taste and aroma of food products is well documented, con-
tributing to its demand in the food industry (Alexandre et al, 2021). In agriculture, basil essential
oil serves as a natural pesticide and fungicide. It has shown effectiveness against storage fungi and
pests, offering an eco-friendly alternative to synthetic chemicals (Torre et al, 2021). Its repellent
activity against insects like cockroaches further underscores its utility in pest management (Nour
etal, 2022).

Essential oil refers to a product derived from vegetable material, acquired either by water or
steam distillation, mechanical extraction From the peel of citrus fruits., or dry distillation, using
just physical methods (ISO 9235, 1997), (Turek & Stintzing, 2013). Distillation is the most com-
monly used extraction method (Richard & Multon, 1992) . Traditional essential oil extraction tech-
niques require significant adaptations in order to reduce investment costs, increase extraction
yield, minimize production costs and protect the environment (Miloudi et al., 2018).

Advanced extraction techniques are more environmentally friendly, more efficient, and offer
higher yields than conventional methods that often result in loss of volatile compounds due to
prolonged exposure to heat (Azmir et al,, 2013; Crescente et al., 2023). The use of alternative tech-
niques such as pulsed electric field (PEF) treatment is a solution proposed to enable the mainte-
nance and economic development of this field (Barros et al,, 2022; Hadri et al.,, 2023; Miloudi et
al,, 2022; Yajun et al., 2017).

PEF has been studied as an unconventional method to improve the overall yield and selectivity
of bioactive components from plant materials (Azmir et al,, 2013; Theagarajan et al., 2024; Toepfl
etal, 2006). PEF is considered a green technology and non-thermal technology due to its reduced
energy and solvent requirements (Feng et al.,, 2022; Hernandez-Corroto et al., 2023; Tintchev et
al,, 2012). The technology involves applying brief pulses of high-voltage electric fields to material
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placed between two electrodes (Dobreva et al., 2013; Feng et al., 2022), which permeabilize cell
membranes, without significant heat production, thus maintaining the quality of heat-sensitive
products (Oey et al,, 2022). This process known as electroporation, leading to various applications
across different fields such as medicine, food processing, and agriculture (Jeong et al., 2024; Qu et
al,, 2023; Shorstkii et al,, 2023).

Economically, PEF can reduce processing costs by minimizing energy consumption and pre-
serving product quality (Miloudi et al., 2022), which can lead to longer shelf life and reduced waste
(Jeong et al,, 2024), is recognized also for its efficiency, sustainability, low heat generation and
ability to preserve the quality of the extracted oils (Oey et al.,, 2022). PEF is applied of essential
oils of eucalyptus and rosemary (Barros et al., 2022), Mentha spicata (Miloudi et al., 2022), Marru-
bium vulgare (Miloudi et al,, 2018), Rose (Yajun et al., 2017) , Lavender (Hadri et al,, 2023), Rose
Blossom (Tintchev et al., 2012) and Nepeta (Dobreva et al.,, 2013). The quality and the composition
of the treated essential oils is not affected (Sharma et al.,, 2023).

The assessment of essential oil quality using absorption techniques employs advanced meth-
odologies that improve accuracy and efficiency. These techniques analyze light interactions with
the oils to determine their absorption properties, providing critical insights for quality evaluation
(Semenova et al,, 2017) .

This study aimed to examine the impact of PEF treatment on the yield and absorption of basil
essential oil. Unlike conventional hydrodistillation, the proposed method incorporated factors
such as electric field intensity and specific energy to enhance extraction efficiency while maintain-
ing oil quality.

2. Materials and methods
2.1 Plant material

Basil (Ocimum L.) (Family Lamiaceae) is known for its aroma and pleasant taste, including 50-
60 species, which are widely distributed across the globe (Mulugeta et al,, 2024). Dried basil leaves
used in the study were purchased from a herbalist in Mascara (North-western Algeria) in July
2024. We did not try to comminute them to avoid the loss of volatiles as was observed and indicate
by Adasoglu et al. (1994) and Reverchon et al. (1995). In addition, the distillation has performed
on the same lot of material.

2.2 Essential oil (EQ) extraction

The experimental bench and methodology of essential oil extraction used in this work were
previously detailed by Miloudi et al. (2018) and Miloudi et al. (2022). Dried Basil leaf samples
were subjected to hydrodistillation using a Clevenger-type apparatus, standardized according to
the European Pharmacopoeia.

Multiple distillations were performed by boiling 30 g of dried plant material in water for 60
min in a 2-litre flask. The extracted EOs were collected, stored in amber glass containers and kept
refrigerated at 4 ° C until use. The essential oil extraction yield is determined as the ratio of the
extracted essential oil mass (m) to the total processed plant material mass (M), expressed as:

Y (%) =(m /M) x 100 (1)

2.3 Pulsed electric fields (PEF) treatments
PEF treatments were carried out using a system designed and manufactured by the laboratory.

The system of PEF (Figure 1) is the same as set out by Miloudi et al. (2022). It consists of pulse
generator and a treatment chamber. The pulse generator is designed to operate at a peak voltage
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of 6 kV, generating exponential decay wave pulses from energy storage capacitors (4puF+5%,
3000Vdc, 115A rms) at a frequency of 1 Hz.

The treatment chamber consists of a rectangular container with two stainless steel flat and
parallel plate electrodes with a gap of 1.5 cm, a length of 20 cm and a height of 7 cm, is exposed to
an electric field of intensity calculated by the equation:

E=U/d (U: voltage, d: distance between electrodes). (2)
Spark ga
Charging Resistor pare &ep

HVDC

Power ~  Energy Storage

Supply Capacitor PEF
Treatment
Chamber

Figure 1. Pulsed electric field system (Miloudi et al., 2022)

Additionally, the walls of the electrodes were covered with thermal insulation material to pre-
vent heatloss, although the top of the chamber was open. Immediately before distillation, the sam-
ples were exposed to PEF. A 30 g sample with water was placed into the treatment chamber. The
treatment was performed at a field strength of 2 kV.cm-! based on previous results (Abenoza et
al,, 2013; Hadri et al,, 2023; Miloudi et al., 2022; Tale Masouleh et al., 2015), and a specific energy
input of 5 kJ.kg1, 10 k].kg-* and 50 k].kg-! in which PEF-treated aromatic plants enhanced their
yield of essential oil.

The ratio of water to material was 3:1 (mL:g) and the variation of temperature of sample after
PEF application did not exceed 1°C untreated sample was considered as a control sample. All ex-
periments were repeated 3 times and the effects of PEF on the yield of essential oil were examined.

2.4 Absorption spectrophotometry method

Spectrophotometric analysis was performed using Spectrophotometer JENWAY IC 6400. Ab-
sorption spectrophotometer has working range of 320-950 nm and the spectrophotometric
method in the analysis of essential oils uses the absorption of monochromatic light, which greatly
increases the accuracy of the analysis. According to the method described by Huet (1976), 0.25g
Basil essential oil is taken and diluted in 100 ml with ethanol 95%. This creates a true solution
that respects Beer's law, allowing reliable absorbance measurements. The method is applicable to
mixtures and colorless solutions. The analysis requires a small amount of solution. It demon-
strates high sensitivity, with negligible instrument error and capable of detecting essential oil con-
centrations as low as 0.008 mg (Semenova et al,, 2017). The primary advantage of UV spectropho-
tometric method is the ability to being use as easy, safe, rapid, and cost-effectiveness. Making it
well-suited as an initial analytical approach (Piao et al., 2020; Teeka et al., 2014).
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3. Result and discussion
3.1 Yield of essential oil by conventional method

In the present study, the extraction yield of Basil essential oil obtained by conventional hydro-
distillation was 0.63% after 60 min of distillation. The yields obtained in other works were 0.57%
(Zekovic¢ etal,, 2015), 0.4% of Bosnian Basil (Stanojevic et al,, 2017) and 0.76% (Torre etal., 2021)
after 120 min of distillation.

Our results are in agreement with those of Yaldiz and Camlica (2022) who reported that the
EO content of basil from diverse origins ranged from 0.04 to 1.07%. Others have reported that the
EOyield of Basilranged from 0.25 to 1.06% (Karacaetal,, 2017),0.75 to 0.84% (Arabaci & Bayram,
2004), and 0.41% to 0.65% (Antic et al,, 2019).

For the Basil varieties that are known to have the highest essential oil yields, the yields were
1.00% for the “Italiano” variety, 0.90% for the “Fraganza” variety, and the “Manolo” variety has a
yield of less than 0.57% (Silvestre & Pauletti, 2022). The quantity of essential oil from Basil leaves
obtained in the present study was within the range reported for basil in all previously cited stud-
ies.

The yield of Basil essential oil is influenced by serval keys factors, including abiotic stress con-
ditions, fertilization methods, genetic variations and environmental conditions. Acknowledge
these factors can help optimize the cultivation of Basil for essential oil production (El Gohary et
al,, 2023; Kumar et al,, 2024).

3.2 Effect of PEF on EO yield extraction

Based on the experimental results, the pulsed electric field intensity of 2 kV.cm-! with specific
energy inputs of 5 k].kg-1, 10 k].kg1 and 50 k].kg-! and distillation time of 60 min were used. The
effect of different methods (conventional hydrodistillation and combined hydrodistillation with
PEF) on essential oil yield of Basil were illustrated in Figure 2.

In general, the EO yield of Basil leaves was influenced and increased after pulsed electric field
treatment. As shown in Figure 2, the EO yield of Basil obtained by the conventional method (Con-
trol) increased from 0.63% to 0.82% after PEF treatment at 2.0 kV/cm-! and 5 k].kg-! of total spe-
cific energy, with a 30.16% increase for the same distillation time (60 min).

0,90
0,80

0,70
0,60
0,50
0,40
0,30
0,20
0,10
0,00

Control 5 kJ.kg1 10 k] .kg! 50 kJ.kg!

0il Yield (%)

Figure 2. Effect of pulsed electric field on Basilic essential oil yield
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After PEF application, the permeability of the intracellular material increases which improves
mass transfer and enhances essential oil extraction according to the literature (Angersbach et al,,
2000; Vorobiev & Lebovka, 2011; Zimmermann et al., 1974).

Increasing the PEF intensity from 5 kJ.kg-1 to 10 kJ.kg-! and then to 50 k].kg ! of total specific
energy did not have a significant impact on increasing the extraction yield of Basil essential oil.
However, decreases of 17.07% and 20.73% were observed when the PEF intensity of 2 kV.cm-!
increased from 5 kJ.kg-1 to 10 kJ.kg-! and then to 50 k].kg ! of total specific energy respectively.

These results proved that the treatment of plant material at very high PEF intensities leads to
losses in the quantity of oil due to damage to cell membranes during treatment that increases the
vaporization of volatile oil as indicated by other researchers (Miloudi et al., 2018; Tintchev et al,,
2012; Yajun et al,, 2017). We also observed a non-significant decrease in EO yield from 0.68% to
0.65% when PEF intensity increased from 10 k].kg-! to 50 k].kg! of total specific energy.

3.3 Effect of PEF on absorption of Basil EO

The absorbance of different PEF-treated and untreated (Control) Basil essential oil samples
were measured by spectrophotometer according to the literature (Brlek et al., 2021; Lafthal et al,,
2016; Predoi et al,, 2018; Teeka et al., 2014). Figure 3 shows that the absorbance of EO from Basil
treated by PEF of 2kV.cm-1, 5 k].kg-! and 10 kJ.kg ! specific energy was higher than the absorbance
of EO from a reference sample (Control).

The high essential oil absorption capacity means that the material can effectively absorb and
retain a significant amount of essential oil within its structure, thereby enhancing its antibacterial
and therapeutic properties, and extending the oil release time for prolonged efficacy according to
the literature (Numan et al.,, 2019; Radomski et al., 2021; Samfira et al,, 2015).
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Wavelength (nm)

® Control M PEF(5kjkgl) ™ PEF (10 kjkg)

Figure 3. Effect of PEF on absorption of Basil EO, range 350-700 nm

In Figure 4, it was observed that the absorbance of the sample treated with PEF of 2kV.cm-!
and 50 kJ.kg-1 of specific energy has a low value compared to the reference sample and the other
two samples treated with PEF of 2kV.cm-1, 5 k].kg-t and 10 k] .kg-! of specific energies respectively.
This means that the treatment of Basil EO with very high specific energy PEFs caused EO degra-
dation due to oxidation and polymerization.
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Figure 4. Effect of PEF intensity on absorption of Basil EO

This change in absorbance can lead to reduced stability which can significantly decrease shelf
life, making essential oils less effective and potentially dangerous for consumers as reported by

several authors (Al-Harrasi et al, 2022; Numan et al,, 2019; Samfira et al., 2015; Turek & Stintzing,
2013).

The results for the absorbance values of essential oils at the standard wavelength A = 589.3
nm (which is the standard wavelength used) are shown in Figure 5. High absorbance as in the case
of Basil EO treated with PEF of 2kV.cm! and 10 k].kg! specific energy indicates that the sample

has a high reducing power (Gholivand et al,, 2010) , that as the reducing power of a substance
increases, it enhances the absorption of light by the sample.
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Figure 5. Effect of PEF on absorption of Basilic EO for wavelength (A = 589.3 nm)

However, the decrease in absorbance reflecting the inhibition of oxidation which can be ob-
served under the action of antioxidants as for the case of EO treated with PEF of 2kV.cm-1 and 50

k].kg! of specific energy according to the literature (Chitprasert & Ngamekaue, 2017; Efrati et al,,
2014; Zahra & Susanti, 2023).
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4. Conclusion

The present work demonstrated that pulsed electric field treatment effectively increases the
extraction yield of Basil essential oil. An enhancement in oil extraction was observed across all
PEF treatments applied with energy input up to certain values. The extraction of EO by the con-
ventional method gave a yield of 0.63%, while the best yield was 0.82% after PEF treatment of 2
kV.cm-! and specific energy of 5 k].kg-1 in 60 min of distillation. PEF treatment of 2 kV.cm-! and 5
k].kg 1 total specific energy was sufficient to enhance EO extraction from Basil. The results of the
spectrometric analysis obtained in this study show that PEF has variable effects on the absorption
of Basil essential oils. According to our results, PEF was able to enable an increase in absorption,
which plays an important role in the evaluation of the quality of essential oils. Pulsed electric field
(PEF) treatment under optimized conditions in essential oil extraction can minimize energy con-
sumption, increase productivity and improve quality. Future research should focus on scaling PEF
for industrial use, optimizing parameters like pulse length, frequency, and electric field intensity.
Understanding its impact on chemical composition, bioactivity, and stability is crucial for pharma-
ceutical, cosmetic, and food applications. Comparative studies with ultrasound- and microwave-
assisted extraction could identify the most efficient and sustainable extraction method.
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