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Abstract

In recent years, the search for alternatives to the use of synthetic chemical additives in food has led to an increase in research
focused on essential oils (EOs). Among the EOs with food applications already described in the literature, the essential
oil extracted from basil (Ocimum basilicum L.) stands out, which presents several biological activities. This review was
conducted to discuss the basil essential oil (BEO), presenting information on the different extraction methods and their
influence on the compounds, in addition to presenting biological and toxicological aspects. The extraction method and the
qualitative and quantitative variation of the compounds are highly dependent on factors such as type of cultivar; date, place,
and conditions of cultivation; and seasonal variation and harvest. In addition, the main biological activities of basil essential
oil are dependent of the chemical constituents, such as estragole, linalool, eugenol, eucalyptol, and bergamotene, and can

act in isolation or in synergism.
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Introduction

Essential oils (EOs) are products resulting from the second-
ary metabolism of plants, composed of complex mixtures
of low molecular weight compounds and obtained from dif-
ferent methods of extraction (Chouhan et al., 2019). Cur-
rently, several applications of EOs have been described in
the literature, including in the food and beverage industry,
flavor and fragrance industry, agriculture field, alternative
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medicine, natural therapies, and, mainly, pharmaceutical
industry. Especially in the food area, the application of EOs
could be highly valuable due to the growing concerns on
adverse health effects of synthetic preservatives and the
consequent demand for natural preservatives. Essential oils
could be applied to extend the shelf life of foods, owing to
its antimicrobial and antioxidant properties, besides its use
as a flavoring agent.

Among essential oils with food applications already
described in the scientific literature is the oil from basil
(Ocimum basilicum L.), an herb belonging to the Lami-
aceae family, considered the most cultivated aromatic herb
variety worldwide. They are mainly found in the tropical
regions of Asia, Africa, and Central and South America.
The basil leaves are widely used in culinary, in fresh or dry
form, as food flavoring, and as an ornamental plant in house
garden (Filip et al., 2016). There are several varieties of O.
basilicum species, which differ mainly in their morphologi-
cal structure. This consequently influences the content of
essential oil, as well as its chemical composition. Overall,
the major components of the basil essential oil (BEO) are
the terpenes and phenylpropanoids, followed by alcohols and
aldehydes (Milenkovi€ et al., 2019). The market value of
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Ocimum species is predominately based on their essential oil
content and ornamental characters (Mahmoudi et al., 2020).

Several studies have reported biological activities of the
essential oil from O. basilicum. These include antimicro-
bial, antifungal, insect repelling, antioxidant, anticancer, and
anti-inflammatory activities. These biological activities are
mainly attributed to their essential oils rich in linalool and
phenolic compounds (Mahmoudi et al., 2020). However,
despite being widely used worldwide and reported scientifi-
cally, review papers with a complete approach of the main
properties of essential oil from basil (Ocimum basilicum L.)
from extraction until its application were not found in the
literature. This review summarizes the main methods used
for BEO extraction, discussing their main chemical com-
pounds, recent studies on its biological activities, toxicologi-
cal effects, and some applications of BEO in the food area.

Extraction Methods

Basil essential oil content, as well as its yield and compo-
sition, is influenced by several factors, such as cultivars,
chemotypes, growing conditions, and method of extraction
and drying (Milenkovi¢ et al., 2019). Several methods for
the extraction of basil essential oil have been proposed in the
literature. Table 1 shows the advantages and disadvantages
of the main methods proposed for extraction of BEO, as well
as for extraction of essential oils from other sources. Among
these methods, steam distillation (SD) and hydrodistillation
(HD) are the two most used methods for the extraction of
essential oil from basil, due to their economic feasibility and
simplicity (Shiwakoti et al., 2017).

Steam distillation involves the heating of the plant mate-
rial by passing water steam, which promotes the opening
of glands and essential oil evaporation, causing it to rise
with the steam. Then, the essential oil is collected by con-
densation. On the other hand, hydrodistillation is based on
immersion and boiling of material in water. In this method,
essential oil is also collected in a condenser (Sefidkon et al.,
2007).

Shiwakoti et al. (2017) evaluated the efficiency of the
two BEO extraction methods (HD — hydrodistillation vs
SD — steam distillation) and concluded that steam distilla-
tion showed better performance. The SD method presented
a higher yield of essential oil (0.32-0.68 g of essential
0il/100 g of dried leaves) than HD (0.08-0.32 g of essential
0il/100 g of dried leaves) for both basil species tested.

Milenkovi¢ et al. (2019) studied the effect of growing
conditions and different times of harvest in the yield of
basil essential oil. The basil was grown in the soil under two
conditions: covered by color nets (50% shade index) or in
unshaded condition (open field — control). The basil essen-
tial oil was obtained by Clevenger-type hydrodistillation with
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a ratio of 1:10 w/v (plant material:water) during 120 min.
The second harvest from unshaded, control plants, showed
the lowest accumulation of essential oils (1.02 mL/100 g),
while the first harvest from shaded plants presented the
highest oil accumulation (3.23 mL/100 g). The synthesis
of essential oils is influenced by light quantity and qual-
ity. Shading affects solar radiation, regulating plant growth,
development and biosynthesis of metabolites, such as essen-
tial oils (Carvalho et al., 2016; Ili¢ et al., 2017).

Alternative methods using microwave-assisted extraction
have also been developed aiming to reduce the operational
cost, shorten extraction time, and improve the extraction
yield. Among microwave-assisted extraction techniques,
these can also be mentioned: microwave-assisted hydrodis-
tillation (MAHD), microwave-generated hydrodistillation
(MGH) and microwave hydrodiffusion and gravity (MHG)
(Asbahani et al., 2015).

In the MAHD process, the extraction occurs as the result
of changes in the cell structure, which are caused by elec-
tromagnetic waves, and the heat and mass gradients occur
in the same direction. On the other hand, in HD the mass
transfer occurs from inside to the outside. This fact justifies
the higher extraction yield in MAHD compared to traditional
distillation methods (Kusuma & Mahfud, 2016). In MGH,
the rapid heating is caused by molecular motion within polar
or ionic components, which promotes a break of cell mem-
brane and allows the release and transportation of essential
oil by the water steam. MHG is a technique that associates
microwave heating and gravity at atmospheric pressure
(Binello et al., 2014).

Kusuma and Mahfud (2016) evaluated the kinetics of oil
extraction from basil essential oil by microwave-assisted
hydrodistillation (MAHD) and solvent-free microwave
extraction (SFME). Although the extraction yield of basil
oil obtained by MAHD and SFME is the same (0.78%), the
results showed that this yield was reached in a shorter extrac-
tion time in SFME (60 min) when compared to MAHD
(160 min). The basil oil recovery obtained by MAHD
shows the following trend: under extraction time of 100 min
(72.89%), 140 min (13.05%), and 160 min (5.57%). In com-
parison, the basil oil recovery obtained by the SFME method
shows the following trend: under extraction time of 20 min
(72.16%), 40 min (13.38%), and 60 min (6.69%).

Distillation methods have many disadvantages due to the
high process temperature used, which promotes the thermal
degradation, oxidation, and hydrolysis of some compounds
of the essential oils (Elgndi et al., 2017; Filip et al., 2016).
An alternative to traditional hydrodistillation is solvent-
free microwave extraction (SFME), a green technology
performed without any solvent or water and at atmospheric
pressure. In addition to being environmentally friendly, this
method has, as advantages, the effective heating and faster
energy transfer (Chenni et al., 2020; Filly et al., 2014). The
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Table 1 Advantages and disadvantages of the main extraction methods for essential oil from basil species

Method of extraction Advantages

Disadvantages

HD

SD

MAHD

SFME

Soxhlet

Organic solvents

SFE

MGH and MHG

Inexpensive method of EO extraction
Easy to construct
Suitable for field operation

Reduces the duration of the process compared to HD
process

Loss of polar compounds is minimized (if refluxing is
controlled)

Greater energy savings (compared to HD)

Limits possible modifications of the natural components of
EO caused by oxidation

Heating more effective

Fast energy transfer

Controllable heating process

Increase of production

Elimination of some process steps

Reduction of extraction time

Reduction of energy consumption and CO, emissions

Reduced cost of extraction in terms of energy and time

High yield and selectivity

Protection offered to thermolabile constituents

Minimizes environmental impact by emitting less CO, in
atmosphere

Dry-distillation at atmospheric pressure and without add-
ing water or any organic solvent

Does not requires much capital investment

Produces a high yield of EO extraction

Sample is repeatedly brought into contact with fresh por-
tions of the solvent, enhancing the removal of the analyte
from the matrix

The excess energy in the form of heat helps to increase the
extraction kinetics of the system

Produces higher amounts of essential oils
Method is relatively simple and quite efficient

Moderately low critical pressure and temperature applied

High extraction yields in short times

Considered as a “green alternative”

Non-toxic and non-flammable

Available in high purity

Eliminates clean-up steps

Easily removed from the extract

Able to recover some organic compounds that is not
extracted by HD

Reduction in extraction time

Reduction in consumption of energy resources

No solvent is used

Environment-friendly

Better reproduction of natural aroma compared to other
techniques

High temperatures applied

Thermal degradation can be induced

Formation of off-odor and removal of some components
Time-consuming process

Low extraction yield (0.001% to nearly 4%)
Elevated temperatures

Prolonged extraction time

Chemical modifications of the oil components
Loss of the volatile molecules

High power may promotes less essential oil yields
High power may cause biodegradation of the oil components

The plant materials used for this method need to be dried in
order to obtain the highest yield of EO

This process is more suitable for laboratory scale than indus-
trial pilot scale

Average time of a Soxhlet extraction: from 1 to 72 h

Solutes extracted need to be concentrated before analysis

Extraction is not selective due to the co-existence of interfer-
ing compounds

Need for expensive, toxic, and high-purity organic solvents

High temperatures applied

Losses due to thermal degradation and volatilization

Long extraction time

Relatively high solvent consumption

Occurrence of organic toxic residues in the extracted product

Often unsatisfactory reproducibility

Limited by the compound solubility in the specific solvent
used

Requires high investment (expensive technique)
Equipment for this process is not easily handled
Extraction rates is relatively slow with pure CO,

At lower microwave power do not allow recovering the total-
ity of essential oil

Whereas, higher microwave power may burn the biomass as
well and can cause pyrolysis of the EO

EO essential oil, HD hydrodistillation, SD steam distillation, MAHD microwave-assisted hydrodistillation, SFME solvent-free microwave extrac-
tion, SFE supercritical fluid extraction, MGH microwave-generated hydrodistillation, MHG microwave hydrodiffusion and gravity
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solvent-free microwave extraction has been patented in 2004
(Chemat et al., 2004).

Chenni et al. (2016) proposed a comparison between
SFME and conventional hydrodistillation in relation to
extraction time and yield of basil essential oil. SFME was
conducted in a microwave laboratory oven of 2.45 MHz with
a maximum power of 1000 W. One hundred fifty grams of
O. basilicum was immersed in water (600 g) for 30 min at
600 W. The plant material was submitted to heating with a
fixed power for 30 min. Outside the microwave, a cooling
system was responsible for condensing the distillate with a
Clevenger-type apparatus. The condensed water was con-
tinuously heated (100 °C) until no more essential oil was
obtained. The essential oil was dried over anhydrous sodium
sulfate and stored at 4 °C. The hydrodistillation method was
performed in a Clevenger-type apparatus by immersion of
150 g of O. basilicum in 6 L water and heating for 1 h (until
no more essential oil was obtained). The obtained essential
oil was dried with anhydrous sodium sulfate, and stored at
4 °C.

During the extraction process, the system was heated
at boiling temperature of water at atmospheric pressure
(100 °C). In the SFME method, it was necessary to heat
the sample for only 5 min to reach this temperature, while
in HD 20 min was necessary. SFME enabled a consider-
able reduction in extraction time, 30 min against 60 min for
HD, providing similar yields (around 0.48%) of essential oil.
These results show that SFME promotes an energy saving
due to its shorter extraction times with similar yields, lower
cost, and solvent saving (Chenni et al., 2016).

Besides distillation methods, other modern extraction
techniques include supercritical fluid extraction, fast con-
trolled pressure drop process extraction, organic solvent
extraction, and Soxhlet extraction. They have been pro-
posed with the aim of making BEO extraction faster and
more efficient.

Supercritical fluid extraction (SFE) is an innovative tech-
nique for extracting and isolating EOs from aromatic herbs.
It avoids the use of harmful organic solvents, thus being a
clean and environmentally friendly technology. This method
also provides quick extraction and requires only moderate
temperatures. The most commonly used extraction fluid in
SFE is carbon dioxide (CO,), due to advantages such as
non-toxicity, high availability, and ease of removal from
extracted products. However, in practice this method is not
commonly employed due to its high cost of operation and
complex design (Yousefi et al., 2019).

Filip et al. (2016) proposed a comparison between three
methods of essential oil extraction from basil leaves: hydro-
distillation, Soxhlet extraction, and supercritical carbon
dioxide extraction. The hydrodistillation has been performed
according to the methods described above. Soxhlet extrac-
tion consisted in extraction of basil leaves by methylene
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chloride using Soxhlet apparatus during 6 h. For SFE extrac-
tion, 50 g of ground basil was placed in the extractor vessel
and submitted to a first extraction (E1) using carbon dioxide
at the pressure of 100 bar and temperature of 60 °C. The
material obtained after E1 extraction was again submitted to
extraction by carbon dioxide, but at the pressure of 150 bar
and temperature of 60 °C, for isolation of extract E2. Fur-
ther, materials obtained after E1 and E2 extraction under-
went another extraction with carbon dioxide at 200 bar and
60 °C, for preparation of extract E3. The same procedure
was carried out for E4 extraction, using carbon dioxide at
300 bar and 60 °C. In the whole process of extraction, the
same time and flow rate were applied: 4 h and 3.225 g CO,/
min, respectively.

Comparing the different essential oil extraction methods,
the higher yield of basil essential oil (BEO) was obtained
by supercritical extraction, 22.06 g/kg, while the BEO yield
using the standard hydrodistillation method was 5.65 g/kg
and the BEO yield by Soxhlet procedure was 19.50 g/kg.
During supercritical carbon dioxide extraction, the high-
est extraction yield was achieved in extract E2, using car-
bon dioxide at 150 bar and 60 °C. The isothermal pressure
increase from 100 to 150 bar promoted an increase in solvent
density, from 0.294 to 0.563 g/cm?, respectively, which may
have contributed to the higher yield of extraction.

In a study conducted by Elgndi et al. (2017), supercriti-
cal fluid extraction was performed at temperature of 40 °C
and two different pressures (100 and 300 bar). The authors
reported two standard extraction periods: in the first, there
was rapid extraction, expressed during the first 2 h and
characterized by dissolution of the supercritical CO,; in
the second, a slow extraction, with controlled diffusion.
In addition, it was possible to notice enhancement of the
kinetics, reduction of the extraction time, and increase of
extraction efficiency, consequences of the increase of pres-
sure from 100 to 300 bar, at constant temperature (40 °C).
The increase of pressure promotes a consequent increase of
the dissolving ability of CO,, which influences the solubil-
ity of high-molecular weight compounds in plant matrix,
co-extracted with essential oil compounds. This results in a
higher amount of extract.

Solvent extraction has been recommended for delicate
materials, which are sensible to the heat. Different solvents
such as acetone, hexane, petroleum ether, methanol, or etha-
nol can be used for this purpose. In general, the solvent is
mixed with the sample and then heated at 50 °C for extrac-
tion of the essential oil, followed by filtration. Afterwards,
the obtained material is concentrated by solvent evaporation.
The concentrate is mixed with pure alcohol to extract the
oil and then distilled at low temperatures (Cook & Lanaras,
2016; Tongnuanchan & Benjakul, 2014).

However, this method is considered an onerous pro-
cess, spending a lot of time, which makes the process more
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expensive, compared to other methods. It can lead to losses
of volatile components of the essential oil, and the solvent
residues could be remaining in the extract owing to incom-
plete removal, causing several problems such as allergies
and toxicity. Another major disadvantage is the amount of
waste generated by the use of solvents and their inappro-
priate disposal (Cook & Lanaras, 2016; Tongnuanchan &
Benjakul, 2014).

Abed et al. (2018) compared two organic solvents
(n-hexane and petroleum ether) in the process of extraction
of essential oil from basil leaves. Dry leaves and solvents
in a ratio of 1:40 w/v (g solids/mL solvent) were placed in
an extraction reaction flask, immersed in water in order to
control the temperature and continuously stirred to ensure
homogenization of the mixture. The optimal experimental
conditions were defined as follows: n-hexane at 60 °C and
300 rpm agitation speed.

Mustapha (2018) obtained basil essential oil by Soxhlet
method, with an extraction yield of 1.89%. This is a method
that also uses solvents: it is a solid—liquid extraction based
on the transference of the target compounds from the solid to
appropriate organic solvents. The contact between extraction
solvent and sample must be maintained continuously dur-
ing the extraction process. The procedure consists of adding
around 500 g of the dried sample into the Soxhlet extractor
and 1.5 L of n-hexane solvent in a distillation flask submit-
ted to heating. The Soxhlet extractor is coupled on top of the
flask and a reflux condenser is placed on top of the extractor.
The sample is extracted by refluxing of the solvent during
around 6 h, until the solvent is cleared.

Table 2 presents a summary of the main methods for basil
essential oil extraction mentioned above, showing extraction
method conditions and the essential oil yield obtained.

Chemical Variation of Different Extraction
Methods

The chemical composition of the BEO is influenced by
several factors, such as geographical variation, seasonality,
genetics, and others already discussed. Additionally, another
significant parameter is the extraction method used. The effi-
ciency of the extraction is dependent on the technique and
its operational conditions, such as the choice of the specific
solvent, temperature, pressure, particle size, flow rate, water,
and others (Yousefi et al., 2019).

Abbas et al. (2017) reported the variation in the yield and
chemical composition of essential basil oils isolated by HD
and supercritical fluid extraction (SFE). The most signifi-
cant variances were observed in the following compounds:
linalool (21.79% SFE and 36.06% HD), estragole (17.86%
SFE and 12.79% HD), menthol (10.47% SFE and 1.19%
HD), and carvone (5.70% SFE and 0.66% HD). The yields
were 0.45% and 0.82% for SFE and HD, respectively. This
chemical variation is the result of thermal and hydrolytic
degradation of the compounds, by oxidation or transesteri-
fication, due to the temperature and extraction time applied
to the method (Drini€ et al., 2020). This degradation occurs
in oxygenated monoterpenes and favors the formation of
hydrocarbon monoterpenes (Jugreet & Mahomoodally,

Table 2 Experimental conditions of the extraction methods and basil essential oil yields

Basil species Extraction method Extraction conditions

Extraction yield Reference

Ocimum basilicum L HD

Ocimum tenuiflorum L. SD water; 60 min

SD: 300 g basil leaves/2000 mL

water; 60 min

HD: 75 g basil leaves/1500 mL

HD: 0. basilicum (0.08%)
0. tenuiflorum (0.33%)
SD: O. basilicum (0.32%)
O. tenuiflorum (0.68%)

Shiwakoti et al. (2017)

Ocimum basilicum 1. ~ MAHD MAHD: 1:10 (leaves-to-water 0.78% (160 min) Kusuma and Mahfud (2016)
SFME ratio); 380 W for 160 min 0.78% (60 min)
SFME: 380 W for 60 min
Ocimum basilicum L SEME 150 g basil leaves/600 g water; 0.48% (30 min) Chenni et al. (2016)
30 min, 600 W
Ocimum basilicum L Soxhlet 500 g basil leaves/1.5 L n-hexane 1.89% Mustapha (2018)
—6h
Ocimum basilicum L.~ SFE E1: 100 bar; E2: 150 bar; E3: El: 6.57 g/kg; E2: 8.41 g/kg; Filip et al. (2016)
200 bar; E4: 300 bar. T: 60 °C  E3: 4.74 g/kg; E4: 2.34 g/kg
g/kg: essential oil/ basil leaves
Ocimum basilicum 1.  SFE 100 and 300 bar at 40 °C 100 bar (1.56%); 300 bar Elgndi et al. (2017)
(2.07%)
Ocimum basilicum L MGH and MHG  MGH: 20 min MGH: 0.01% Binello et al. (2014)
MHG: 20 min MHG: 0.06%

HD hydrodistillation, SD steam distillation, MAHD microwave-assisted hydrodistillation, SFME solvent-free microwave extraction, SFE super-
critical fluid extraction, MGH microwave-generated hydrodistillation, MHG microwave hydrodiffusion and gravity
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2020). This is what occurred with a-pinene, f-pinene, and
camphene, which increased with the HD method, possibly
due to the detriment of oxygenated compounds. The higher
yield observed in the HD method may be due to the effec-
tive volatilization of the terpenoid components and better
recovery of BEO (Abbas et al., 2017).

The operational variation of the extraction method can
also promote changes in the chemical composition of essen-
tial oils, as reported by Elgndi et al. (2017). The authors
extracted EO from Ocimum basilicum L. using SFE under
different pressures (100 and 300 bar). The results showed
that the pressure of 300 bar promoted higher extraction yield
(2.07%) compared to pressure of 100 bar (1.56%). There
were also changes in the concentration of the monoterpene
hydrocarbons (27.40 and 1.00 mg/g) and oxygenated (434.30
and 317.80 mg/g). This increase in extraction yield and
compound concentration is due to the increase in pressure
applied, which promotes a better mass transfer and increases
the potential of the solvent, easing the release of the EO by
the plant (Yousefi et al., 2019).

A comparison between the SFME technique and conven-
tional HD was studied by Chenni et al. (2020), who reported
the variation of linalool (43.5% and 48.4%), methyl chavi-
col (13.3% and 14.3%), and 1.8-cineol (6.8% and 7.3%) for
SFME and HD methods, respectively. Chenni et al. (2016)
did not observe a significant variation in yield (0.48% for
SFME and 0.48% for HD); on the other hand, the authors
reported a slightly lower amount of total oxygenated com-
pounds in SEME (89.6%) when compared to HD (89.8%),
and a slight increase of total non-oxygenated compounds
of SFME (9.7%) compared to HD (9.2%). Linalool was
reported as the main component of BEO; however, the
amount differed in the extraction methods (43.5 for SFME
and 48.4 for HD). These results contradict the behavior
observed in other studies, which showed higher proportions
of oxygenated compounds extracted by microwave compared
to HD, due to the reduction of thermal and hydrolytic dam-
age (Figueredo et al., 2012).

Higher amounts of oxygenated compounds and lower
amounts of monoterpene hydrocarbons are frequently
reported in EO extraction by SFME when compared to HD.
The proportion of oxygenated compounds is higher due to
the higher dipolar moments in these organic compounds.
They facilitate extraction, in contrast to monoterpene hydro-
carbons, which have lower dipolar moments, resulting in
lower proportions (Filly et al., 2014). Another characteristic
of the SFME extraction technique is the higher yield when
compared to HD. This is due to the internal atmospheric
pressure, which promotes the swelling of the oil glands
and cell wall rupture, releasing EOs that are spontaneously
evaporated by azeotropic distillation (Asbahani et al., 2015;
Jugreet et al., 2020; Li et al., 2013). In addition, the extrac-
tion time is shorter in SFME than in HD; 5 min are needed
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to obtain 1 drop of the EO using the SFME method, while
for the HD method, the process would take about 90 min
(Lucchesi et al., 2004).

The use of alternative methods to replace HD was
reported by Binello et al. (2014), who compared HD, MGH,
and MHG in EO extraction from basil (Ocimum basilicum
L.). The results showed no differences in BEO yields; how-
ever, the extraction time was shorter for the alternative
methods (20 min) compared to HD (45 min). The amount of
compounds was higher for the alternative methods, such as
oxygenated compounds linalool (24.68% MGH and 22.96%
MHG), eugenol (15.19% MGH and 15.93% MHG), and
a-cadinol (9.88% MGH and 9.93% MHG) when compared
to HD (18.72, 13.5, and 9.6%, respectively). The shortest
extraction time and the highest content of compounds are
two important effects of the microwave on the plant. The
incidence of radiation tends to penetrate deeper into the
plant matrix, affecting the glands containing oil and result-
ing in better extraction of the compounds (Binello et al.,
2014; Jugreet et al., 2020). Moreover, the predominance
of oxygenated compounds is due to the lower thermal and
hydrolytic degradation effects when compared to HD, and
the high dipolar moment of these compounds in comparison
to monoterpene hydrocarbons (Jugreet et al., 2020).

The chemical composition of BEO obtained by HD and
SD methods was compared by Shiwakoti et al. (2016), who
reported an extraction yield of 0.32 (g/100 g of a dry leaf)
for SD and 0.08 (g/100 g of a dry leaf) for HD. Regarding
chemical compounds, the SD method indicated superior
performance in the extraction of hydrocarbons over HD.
This behavior is justified by the higher heat transfer in SD
vapors than in HD solubilization. The direct contact of the
plant with the water vapors carries the volatile materials
and results in a rapid elution of the compounds, and con-
sequently a higher accumulation of them (Asbahani et al.,
2015; Shiwakoti et al., 2016).

Optimization of the extraction method was studied by
Martins et al. (2012), who reported the better-operating
conditions to extract a higher content of methyl chavicol
from Ocimum basilicum. The authors observed that higher
temperatures generate higher amounts of distillates (hydro-
carbons). However, the control of the distillation time is
very important, as excessive distillation can trigger thermal
degradation, hydrolysis, and water solubilization of some
compounds (Shiwakoti et al., 2016).

The application of electromagnetic waves in the presence
of water is commonly used for EO extraction, as in micro-
wave-assisted hydro-distillation (MAHD). This method of
dielectric heating by microwave is applied to several plants
for EO extraction. Studies comparing this method with other
conventional methods, such as HD, are reported in the lit-
erature. Studies have found 67% reduction in extraction time
using MAHD when compared to HD (Megawati et al., 2019)
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and extraction starting in 10 min in MAHD, compared to
30 min in HD (Moradi et al., 2018). This behavior is due to
the most efficient heat flow in microwaves. Better yields have
been in the extraction time of 10 to 40 min of the procedure,
where there is an increase in the absorption of microwave
energy with an increase in the MAHD time, which improves
the dissolution of essential oil into the water. However,
longer times (> 40 min) showed a reduction in EO com-
pounds (Mollaei et al., 2019), and this behavior is due to the
degradation that compounds can suffer from the increase in
time of the MAHD extraction.

Microwave energy can also be varied to obtain a higher
EO yield. The use of up to 500 w helps to increase yield,
and consequently the content of compounds (Mollaei et al.,
2019). However, the increase above 500 w tends to decrease
the amount of compounds. This is motivated by molecular
movements caused by electromagnetic waves, which heat the
water inside the plant and break the cell walls of the plant.
This breakage increases the EO extracted into the water,
but the water at a high temperature facilitates the degrada-
tion of compounds, consequently reducing yield and quality
(Mollaei et al., 2019). The chemical compounds suffer low
qualitative variation; however, quantitative differences were
observed. Moradi et al. (2018) noticed an increase in oxy-
genated compounds and reduction of monoterpene hydro-
carbons in MAHD when compared to HD. This behavior is
justified by the loosening of the plant matrix and increase
of essential oil release, as previously mentioned in methods
SFME, MGH and MHG.

All the methods presented for the extraction of basil
essential oil have advantages and disadvantages in terms of
extraction yield, quality of the final product, ease of pro-
cessing, cost, and waste production. However, its choice
is of increasing interest for the preservation of all biologi-
cal properties of the extracted essential oil, with the aim of
application in several areas of science.

Chemical Composition

Essential oils are mixtures of aromatic, volatile organic, and
natural compounds produced by many plant species, as a
secondary metabolite to play a defense role in the plant; they
can be extracted from the various parts of the plant, includ-
ing flowers, roots, barks, leaves, and seeds (Abdel-Kader
et al., 2019; Binello et al., 2014). These complex mixtures
of volatile secondary metabolites are present in the form of
saturated and unsaturated hydrocarbons, terpenes, oxides,
esters, alcohols, aldehydes, ethers, ketones, and terpenes
(Abdel-Kader et al., 2019), and are directly linked to the
plant’s defense and communication mechanism.

A plant of the same botanical family and the same genus
may present qualitative similarity of components (Silvestre

et al., 2019). Besides that, the chemical compounds of the
EO of the same plant may suffer quantitative variations
depending on their genetic traits, the stage of development,
climate conditions, drying conditions, storage conditions,
and soil properties (Ahmed et al., 2019; Silvestre et al.,
2019).

Although there are several studies regarding the main
chemical components of basil essential oil, the majority
agrees that the main compounds are estragole, linalool,
eugenol, eucalyptol, and bergamotene, in varying concen-
trations. Table 3 shows clearly that the chemical composi-
tion of the essential oil varies, being difficult to determine
the percentage of each compound present in the essential
oil of basil. These variations are attributed to the part of the
plant used in oil extraction, the region of collection and the
extraction method used. However, it is possible to observe
the main components present in the samples.

The qualitative and quantitative differences within the
same genus Ocimum basilicum L., in terms of climatic
conditions, cultivation and soil, are described in the follow-
ing studies. Falowo et al. (2019) reported that the chemo-
types estragole (41.40%), 1,6-octadien-3-ol, 3.7-dimethyl
(29.49%) [synonym: linalool], bergamotene (5.32%), and
eucalyptol (3.51%) were the main components extracted
by hydrodistillation from basil leaves in the South Africa
region. In the study conducted by Stanojevic et al. (2017),
linalool (31.6%), methyl chavicol (23.8%), p-elemene
(6.9%), and a-bulnesene (4.5%) were the main components
extracted by hydrodistillation from the plant (aerial parts),
collected from the northwest of the Republic of Srpska,
Bosnia and Herzegovina. Al Abbasy et al. (2015) found
linalool (69.86%), geraniol (9.75%), p-allylanisole (6.01%),
and 1.8-cineole (4.89%), among others, in aerial parts (stem
and leaves) of the plant, in the Muscat Governorate region
of the Sultanate of Oman. Brada et al. (2011) studied O.
basilicum from the Ain-Defla region located in northern
Algeria, and found the compounds linalool (44.70%), lin-
alyl acetate (14.00%), 1.8-cineole (6.70%), myrcene (5.60%),
and a-terpineol (5.10%). Khelifa et al. (2012) studied O.
basilicum from the northern region of Algeria, and found
linalool (32.83%), elemol (7.44%), geranyl acetate (6.18%),
and myrcene (6.12%) as the main compounds.

According to Ahmed et al. (2019) and Ladwani et al.
(2018), the classification of chemotypes varies depending
on their geographical source. Plants grown in Europe, USA,
and Africa have linalool and methylchavicol as their main
compounds. In the Comoros, the Seychelles and Reunion
Island, plants have a high concentration of methylchavicol.
In India (Assam region, West Bengal, Bihar, Uttar Pradesh,
Madhya Pradesh, Maharashtra, and Jammu), they present
methylchavicol and linalool. In the original tropical part of
India, Pakistan, Guatemala, Haiti, and Africa, they are rich
in methyl cinnamate. In northern Africa, Russia, eastern
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Hossain et al. (2010)

Biological activities References

Antibacterial

gitoxigenin (9.3), and methyl

chavicol (29.9), gitoxigenin
(10.2), trimethoquinol (8.40)

Main compounds (%)
Methyl chavicol (36.7),
trimethoquinol (10.3),

Extraction method

HD

Northern area of Dhaka in
Bangladesh

Location

Plant part(s) used
Leaves and stems

Content (mg/g extract)

HD hydrodistillation, SD steam distillation, SFME solvent-free microwave extraction, SFE supercritical fluid extraction, MGH microwave-generated hydrodistillation, MHG microwave hydrodif-

Table 3 (continued)
fusion and gravity

Basil species
O. basilicum L

s

Europe, and some parts of Asia, eugenol is found as a pre-
dominant (Ladwani et al., 2018; Padalia et al., 2017). Given
the above, several factors may be related to this chemical
differentiation by geographic regions. These can be solar
radiation, shading, the nutritional quality of the soil, and
temperature, among other factors, that can alter/affect genes
or metabolic pathways involved in the synthesis of volatiles
and terpenes (Carvalho et al., 2016).

A study characterizing seasonal effects was carried out
by Carvalho et al. (2016), who used different wavelengths
of light-emitting diodes (LED) to affect the yield and met-
abolic content of Ocimum basilicum L. cv “Caesar.” The
study simulated what could occur in open fields throughout
the year, and it resulted in higher subset levels of volatile
monoterpenoids (blue/red/yellow or blue/red/green wave-
lengths) and volatile sesquiterpenoids (blue/red/red lengths)
[% of chemical compounds not shown]. These wavelengths
are detected by plants, in the photoreceptors, which absorb
specific spectra. When these photosensors are stimulated,
they activate light-sensing chromophores, which absorb
this specific wavelength, and direct cytosolic changes in the
phosphorylation of proteins in the cell nucleus, responsible
for gene expression. This region is related to physiological
regulation, which includes growth, plant development, and
primary and secondary metabolic regulators (Carvalho et al.,
2016; Folta & Carvalho, 2015).

Daorr et al. (2019) applied artificial sunlight (AS) and sul-
fur plasma light (SPL) (higher blue and green light content)
as an alternative light source to the usual high-pressure-
sodium (HPS), and evaluated the secondary metabolites
and morphology of basil (O. basilicum L.). This simula-
tion found the highest variations of eugenol of 474.0% and
490.6% (AS and SPL, respectively), linalool (110.2% and
107.7%) and eucalyptus (76.3% and 74%) when compared to
the HPS (eugenol — 404.9%, linalool — 84.5%, and euca-
lyptus 51.6%). This light stimulation affects the morphology
of the plant Ocimum basilicum in several aspects, such as
leaf growth, alters the content of phenolic compounds and
chlorophyll, and modulates a physiological response, with
variation to the development of compounds. This is similar
to what occurs in seasonality, which directly influences the
plant's response to the external environment. The reduction
of chlorophyll content and consequent photosynthesis causes
the plant to increase secondary metabolite compounds with
antioxidant action, in order to combat reactive oxygen spe-
cies (ROS). This metabolic compensation meets the need of
the plant to invest more resources in the synthesis of plant
protectors instead of enzymes involved in primary metabo-
lism (Dorr et al., 2019).

The different temperatures and the solar radiation that
incides in the plant can negatively affect the growth of
basil, as well as the occurrence of physiological distur-
bances, caused by heat in the leaves. Exposure or shading
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can alter plant development, leaf anatomy, and accumu-
lation of secondary metabolites. They can also favor the
development of other compounds that respond to external
stimuli, e.g., the condition of 50% shading favored euge-
nol, whereas exposure favored linalool (Milenkovi¢ et al.,
2019).

The different fertilizers also significantly affect the chemi-
cal composition of the plant’s secondary metabolites. In the
study conducted by Hanif et al. (2017), who used zinc (Zn)
as fertilizer, the O. basilicum, from the Pakistan region,
presented variation in the following compounds: linalool
(90.84%), estragole (4.21%), a-bergamotene (1.27%), and
tau-cadinol (0.87%). Zn acted on several functions: activa-
tion of vegetative enzymes, metabolism of carbohydrates,
maintenance of cell membranes, synthesis of proteins,
and regulation of hormones, as well as the regulation and
maintenance of gene expression and other plant metabolites
(Jeshni et al., 2017).

Nawaz et al. (2017) used copper (Cu) as a fertilizer in O.
basilicum from the Pakistan region. The major BEO compo-
nents obtained were linalool (70.44%), estragole (14.43%),
tau-cadinol (4.13%), and a-bergamotene (3.71%). As previ-
ously reported, metallic compounds (Cu, Zn, Cd, Pb) are
essential micronutrients of several enzymes in the plant: they
act as a functional, structural, and regulatory cofactor for
the metabolism of saccharides, photosynthesis, and protein
synthesis. The photosynthetic action (CO, and glucose) is a
precursor of monoterpenes, as the synthesis of terpenoids is
favored by saccharides (Ahl & Omer, 2009).

Metals have important activities on the metabolites of
the plant: their absence or excess interferes in the regulation
and maintenance of the plant, favoring, or not the accumu-
lation of important chemical compounds. Similar behavior
has been reported by Kunwar et al. (2015) and Singh et al.
(2014), in research using O. basilicum L. and O. basilicum
cv. CIM-Saumiya from India, respectively. The authors
reported that the addition of metals (such as Cu, Zn, Cd, Pb,
and others) enabled the production of O. basilicum with spe-
cific quality of compounds, favoring the linalool compound.

Fertilizers can lead to improvement and quality of basil
harvest, meeting the plant’s need for macro- and microele-
ments. According to the Dehsheikh et al. (2020), fertilizers
were used to correct precarious soil in a region of Iran, in
order to cultivate O. basilicum var. thyrsiflorum. The study
used nitrogen-fixing bacterium, phosphate-solubilizing
bacteria, and their combinations, in addition to consider-
ing the presence and absence of humic acid. Predomi-
nant constituents were methyl chavicol (52.02-62.29%),
eucalyptol (5.75-10.94%), a-bergamotene (6.47-8.03%),
linalool (2.92-5.42%), and a-cadinol (2.93-4.59%). The
variation results from the use of biofertilizers and humic
acid, which can interfere in the biosynthetic pathway of
compounds. These changes may be caused by the activation

or inactivation of enzymes present in the pathways of meva-
lonate, methylerythritol phosphate, and shikimic acid.

The use of fertilizers was also studied by Burducea et al.
(2018). The authors used the cultivars of green-leafed ‘Aro-
mat from Buzau’ and purple-leafed ‘Violet from Buzau’.
These plants had the addition of commercial fertilizers (bio-
solids, Orgevit®, Micoseed®, and Nutrispore®), and there
was a control group without their addition. The essential oil
of flowers and leaves was extracted by HD, and variation
was found for both cultivars. The green-leafed ‘Aromat de
Buzau’ presented variations in p-linalol (33.73-39.70%),
methyl chavicol (34.43-39.44%), taucinolin (4.70-5.75%),
and eucalyptol (3.09-4.79%), among other compounds in a
smaller proportion. For the purple-leafed cultivar ‘Violet de
Buzaw’, there were variations in B-linalool (39.16-54.49%),
eucalyptol (8.61-12.85%), p-elemene (3.89-5.91%), and
limonene (3.01-5.03%), among others. This study demon-
strates that the organic fertilizers Orgevit® and Micoseed®
increased P-linalool. These same fertilizers reduced methyl
chavicol, whereas Nutrispore® favored this compound in the
EO. The chemical variations of the fertilizers, such as dif-
ferent proportions of micronutrients, phosphorus, nitrogen,
zinc, copper, and other elements, may have structural and
regulatory action in the plant (Ahl & Omer, 2009). These
variations will define structurally how the plant will respond
to the presence of a fertilizer.

Another study on the use of fertilizers was conducted by
Onofrei et al. (2018), who studied foliar fertilizers Fylo®,
Geolino Plants and Flowers®, Crompax®, and Fitokondi®.
The predominant compounds found were linalool
(37.44-49.46%), a-muurolol (11.26-19.26%), and methyl
chavicol (2.87-10.39%), among others. The use of Fylo®
caused little variation; Geolino Plants and Flowers® favored
eucalyptol and methyl chavicol and reduced a-bergamotene,
germacrene D, and y-cadinene; Crompax® favored linalool
and eucalyptol; and Fitokondi® favored methyl chavicol.
Besides the peculiarities of the chemical elements present
in fertilizers from different manufacturers, there is also the
ability of the plant to redirect nutrients to produce com-
pounds of silent metabolism and/or produce new secondary
metabolites. This is made in order to stimulate the produc-
tion of plant hormones in response to the external environ-
ment, whether in defensive protection or pollination. This
activity can favor or harm specific compounds.

Soil management, including macronutrients, significantly
influences the quantity and quality of the plant chemotypes.
Nurzyriska-Wierdak et al. (2013) demonstrated the corre-
lation of different concentrations of nutrients nitrogen (IN)
(0209 ¢ dm™) and potassium (K) (0.4-0.8 g dm™), in
response to chemical compounds of O. basilicum L. of
Kasia and Wala cultivars. An increase in the concentration
of linalool and germacrene D has been reported due to the
addition of nitrogen and 1,8-cineol under the influence of

@ Springer
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potassium. According to the study, the increase in nitrogen
and potassium and the interaction of the two doses of macro-
nutrients are related to the increase in concentration of the
compounds. The nitrogen fertilization increases the concen-
tration of essential oil in leaves, indicating an increase in
oil biosynthesis. This increase is possibly motivated by the
increase in the number of leaves in the plant; this increases
photosynthetic rates and also the biosynthesis of chemical
compounds.

Sifola and Barbieri (2006) mention the behavior of basil
leaf increase by nitrogen fertilization, improving photosyn-
thetic and biosynthetic efficiency of terpenes. The nutritional
variation of K also affects photosynthetic and biosynthetic
rates. Nguyen et al. (2010) shows that the K present in the
plant has an activating action of important enzymes of pho-
tosynthesis. It also acts on the biosynthesis of starch and
proteins, among other metabolites, thus interfering in the
concentrations of compounds.

The application of elicitors (such as phytohormone)
can also influence the production of secondary metabo-
lites. According to Ztotek et al. (2016), the use of jasmonic
acid in different concentrations, as an inducer in the plant
O. basilicum L., promotes the variation of the following
chemical compounds: methyl eugenol (10.84-40.69%),
eugenol (15.29-24.88%), 1,8-cineole (9.05-20.34%), lin-
alool (4.98-20.88%), and (Z)-caryophyllene (4.53-9.53%).
The application of jasmonic acid, a phytohormone of the
plant, caused abiotic stress in the plant. This, in a protec-
tive way, induced the quantitative production of compounds,
and even qualitative ones, such as camphor, bornyl acetate,
a-humulene, and trans-f-farnesene.

In agricultural systems, salinity causes stresses that reduce
plant production. According to Tarchoune et al. (2013), salts,
such as NaCl and Na,SO,, alter the chemical composition of the
O. basilicum essential oil. In addition, the authors reported that
methyl eugenol is favored when eugenol decreases. The biocon-
version of these compounds suggests a change in the release of
enzyme activities, since the conversion of eugenol to methyl
eugenol, via O-methyltransferase, is catalyzed by S-adenosyl-
L-methionine (SAM), which replaces eugenol in para-hydroxy
position to give rise to methyl eugenol. Methyltransferases
are enzymes that catalyze the transfer of a methyl group to a
substrate, producing O-, N-, S-, and C-methyl derivatives and
S-adenosyl-homocysteine. According to Heidari (2011), the
salt stress of basil genotypes demonstrates the reduction in the
plant’s osmotic action, affecting its ability to absorb water. In
addition, specific salts can enter the transpiration stream, dam-
aging leaf cells and directly interfering with photosynthetic
capacity and cell growth. As a consequence, there is decrease
in stomatal and mesophilic CO, conductance. The reduction in
photosynthesis can be attributed to a decrease in the content of
chlorophyll present. However, this behavior can vary between

@ Springer

plants, e.g., salt-tolerant plants have higher chlorophyll content
than intolerant plants.

Studies conducted by Farsaraei et al. (2020) and Talebi
et al. (2018) used elements to reduce the harmful effects
of salt stress, such as superabsorbent polymers (SAPs) and
methyl jasmonate, respectively. The results of Farsaraei et al.
(2020) show that the severity of NaCl increased 1,8-cineol
and tau-muurolol, and decreased linalool and a-cadinol.
However, when the different SAPs were applied, the main
components found were linalool, eugenol, tau-muurolol,
o-cadinol, and a-eudesmol. This chemical differentiation
of the main compounds is due to the relief of salinity stress
that SAPs promote to the plant. SAPs increase the capacity
of the soil to retain water and nutrients, improving plant
growth and thereby reducing salt stress.

According to Talebi et al. (2018), the salt stress applied in
O. basilicum increased the concentration of 1,8-cineol, linalool,
B-maaliene, and a-cadinol and decreased a-bergamotene for the
cultivar Genove. The cultivar Ruby increased 1,8-cineol and
eugenol and decreased linalool, a-bergamotene, -maaliene,
and a-cadinol. After the application of methyl jasmonate
(0.5 mM), there was an increase in the compounds linalool
and 1,8-cineol (for cv. Genove) and 1,8-cineole, a-cadinol, and
B-maaliene (for cv. Ruby). The application of methyl jasmonate
increases the regulating function that is present in the synthesis
of secondary metabolites. This function occurs in response to
biotic and abiotic stresses, and it can also have an influence on
gene regulation and enzyme activity in the metabolic pathways.

Mandoulakani et al. (2017) studied the abiotic effect of
drought stress on the expression of the genes involved in
the biosynthesis of phenylpropanoid. In O. basilicum cv.
Keshkeni Luvelou, the authors observed the genes chavicol
O-methyltransferase (CVOMT), eugenol O-methyl transferase
(EOMT), cinnamate-4-hydroxylase (C4H), 4-coumarate coA
ligase (4CL), and cinnamyl alcohol dehydrogenase (CAD).
These genes are involved in the pathway of biosynthesis of
phenylpropanoids (methylchavicol and methyleugenol) and
the expression of these genes is related to the accumulation of
these compounds. It was observed that water stress increased
the amount of methylchavicol, methyleugenol, 3-mirceno, and
a-bergamotene; there was an increase in CVOMT and EOMT
expression, a decrease in the 4CL and C4H gene, and the
continuity of CAD. Genetic manipulation in order to increase
chemical compounds is possible: enzymatic reactions through
metabolic channels are catalyzed by the enzymes CVOMT
and EOMT, involved in biosynthesis. They catalyze the con-
version step of eugenol and chavicol to methyleugenol and
methylchavicol using S-adenosyl methionine (SAM) as the
methyl donor.

The water stress on basil essential oil was studied by
Ekren et al. (2012), who cultivated O. basilicum L. in 2007
and 2008, and used 4 different levels in the irrigation water.
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It was necessary to raise root zone soil water to field capacity
(Isg 50%, 175 75%, 1,49 100%, and 1,5 125% of field capac-
ity), and the main compounds found were linalool, eugenol,
and methyl chavicol. The greatest variation was of linalool,
69.10-73.18%, in the highest water level (/,,5) in 2007, and
in the year 2008 the range found was 61.02-68.88%, in the
water level /,,,. The chemical variations arising from water
stress are due to the negative effects on carbon gain/flow,
which is caused by the closure of stomata, reducing the
capacity for CO, assimilation, and the biosynthesis of the
phenylpropanoid pathway. However, there is an increase in
the biosynthesis of terpenoids as a defense response to the
external environment.

The water stress of Ocimum basilicum in response to
the composition of the essential oil has been reported by
Mota et al. (2020). They described the water stress applied
to Ocimum basilicum L. and analyzed the chemical profile
in two stages of growth: vegetative (PV) and flowering (FP).
Variations were found in the following chemical compounds:
linalool — 17.0% (PV) and 46.0% (PF) in the control treat-
ment, and linalool — 25.1% (PV) and 52.8% (FP) in water
stress. For the eugenol compound, the control treatment was
16.2% (PV and FP), and in stress, the values found were
50.8% (PV) and 10.9% (FP). The water stress behavior was
reported. However, another behavior was observed: chemi-
cal differentiation in the vegetative and flowering phases.
This is justified, as the vegetative phase has a higher level of
transcripts of eugenol-o-methyltransferase (EOMT); in con-
trast, in the flowering phase occurs the reduction of EOMT
transcripts, demonstrating the variety of chemotypes. This
strengthens the theory that the metabolic pathways have a
transcriptional reprogramming associated with a decrease in
the accumulation of metabolites.

Basil varieties have different chemical profiles. Accord-
ing to Koroch et al. (2017), the 10 varieties of O. basili-
cum showed different chemical profiles, but linalool and
methyl chavicol were the components with the greatest
variations (0.2 to 59.4% and 0 to 59.5%, respectively). In
the study reported by Baldim et al. (2018), the varieties
of O. basilicum named Green Basil and purpurascens pre-
sented linalool (24.7-60.2%), eucalyptol (0.95-30.04%),
and a-trans-bergamotene (0-20, 33%), among others.
Couto et al. (2019) studied 20 commercial cultivars and 4
experimental hybrids, and detected linalool, methyl chavi-
col, neral, geranial, eugenol, and (E)-methyl cinnamate at
highest amounts. Other examples of studies describe the
chemical diversity of basil varieties, as studied by Padalia
et al. (2017), who found methyl chavicol (56.1-89.7%) and
linalool (1.0-33.7%) as the main compounds of three O.
basilicum var. OB-1G, OB-5P, and CIM-Soumya. These
results prove that the chemical differentiation is related to
the biosynthetic pathways of the secondary metabolites of
each cultivar; for example, the compounds methylchavicol

and eugenol have common biosynthesis of the same pre-
cursors (L-phenylalanine and cinnamic acid). However, the
compound linalool presents another biogenetic pathway,
that of mevalonic acid via geranyl pyrophosphate (Marotti
et al., 1996). In this way, different cultivars of basil have the
genetic capacity to generate and maintain different sets of
chemical compounds within the same species.

The wide qualitative and quantitative variation in the
compounds of basil essential oil is a common phenom-
enon. It is known that each plant with the same genetic
background (Ocimum) will present a profile of distinct
compounds, which are determined to be biotic or abiotic in
nature. However, it is difficult to determine clearly what are
the genetic and environmental contributions to the chemi-
cal compounds, since the process of compound biosynthesis
is complex. Therefore, the exploration of several specific
metabolic pathways for each compound is necessary. There
may even be an interrelation between primary and second-
ary metabolism, making it difficult for the entire process of
identification (Dehsheikh et al., 2020).

Therefore, this review allows understanding that it is
possible to adapt the planting and cultivation of basil and
obtain high yield and good quality of chemical compounds
of interest and that they can present biological activities so
important for new applications and industrial products. In
addition, it has been shown that basil essential oil can exhibit
various chemical compounds and that they can suffer the
most diverse influences. The literature has so far provided
the identification of about 100 molecules, which can be
expanded due to improved methods of extraction and iden-
tification. However, some of them are more often reported,
as mentioned in Table 3.

In this review, several studies of O. basilicum and its
essential oil were addressed, emphasizing chemotypes and
evaluating biotic and abiotic factors in response to their
quantity and quality of compounds. In addition, there is a
considerable amount of data that investigates the relation-
ship between extraction methods and the chemical profiles
of basil essential oil, which will be discussed in the next
section.

Biological Activities

Over the years, the application and use of EOs have
received attention due to their possible biological activities
(Avetisyan et al., 2017; Baldim et al., 2018; Ztotek et al.,
2016). Several biological activities have been reported in
the literature, such as antiseptic, analgesic, antidiabetic,
wound healing, radiation protection, immunomodulatory,
antifertility, anti-inflammatory, antistress, anticarcinogenic,
antiviral, antimicrobial, antifungal, and antioxidant activi-
ties (Avetisyan et al., 2017; Baldim et al., 2018; Dehsheikh
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et al., 2020; Gaio et al., 2015; Koroch et al., 2017; Singh &
Chaudhuri, 2018).

The antibacterial, antifungal, antioxidant, anti-inflammatory,
and insecticidal activities, summarized in Table 3, will be
addressed in more detail below.

Antibacterial Activity

Essential oils are widely known by their antimicrobial
activity. Contrary to what is expected for healthy cells, the
application of essential oils on deteriorating or pathogenic
microorganisms aims at their inhibition or elimination.
According to Baldim et al. (2018), basil essential oil has
effective antimicrobial action against Gram-positive bacte-
rial strains such as Bacillus cereus, Staphylococcus aureus,
and Listeria monocytogenes, and against Gram-negative bac-
teria such as Salmonella sp. and Pseudomonas aeruginosa.
However, it demonstrates that the main component (linalool)
is not the only one responsible for this biological activity,
depending also on other components in a smaller propor-
tion (synergistic effect). This synergistic effect is possible, as
linalool has higher cell membrane fluidity and changes cell
permeability. This facilitates the entry of the components in
smaller proportions.

In another study with different cultivars of O. basilicum,
Avetisyan et al. (2017) observed that cultivars O. basilicum
var. thyrsiflora and O. basilicum var. purpureum have proven
effective against S. aureus and B. subtilis, respectively. They
showed differences in the main chemical composition, such
as 57.3% methyl-chavicol (estragole) for var. purpureum and
68% linalool for var. thyrsiflora. This difference helps in
understanding that different portions of chemical compo-
nents may favor synergisms among compounds with lower
portions, and can define broader antimicrobial actions (dif-
ferent bacterial strains).

Due to its antibacterial effect, the basil essential oil can
be compared with commercial antibiotics, as reported by
Stanojevic et al. (2017), who compared BEO with cipro-
floxacin and gentamicin, against 10 bacterial strains. The
BEO showed a high inhibitory effect, with larger inhibi-
tion zone diameters (mm) for strains of Salmonella enterica
(28.33 mm), Providencia stuartii (35 mm), Coagulase-
positive Staphylococcus (40 mm), and Streptococcus group
D (30 mm), when compared to ciprofloxacin (25.00, 0.00,
31.33, and 26.00 mm, respectively) and gentamicin (25.00,
5.00, 26.66, and 27.33 mm, respectively). The antimicro-
bial activity of BEO is a consequence of all the compounds
present, as a synergistic action (Jugreet & Mahomoodally,
2020). This variation in the BEO, as well as in other EOs,
can prevent the emergence of resistance, since several bac-
terial targets need to adapt to hamper the effects of each
essential oil compound (Yap et al., 2014).

@ Springer

The indiscriminate use of antibiotics led to the devel-
opment of bacterial resistance. The mechanism of action
of antibiotics tends to interfere with cell wall biosynthesis,
inhibition of protein synthesis, interference with nucleic
acid synthesis, and inhibition of metabolic pathways, among
others (Yap et al., 2014). Once resistance to these multiple
antibiotics is acquired, it results in the selection of stronger
drugs (Freitas et al., 2020), causing greater health problems.
The favoring of bacterial resistance intensified the search
for studies aimed at identifying new natural antimicrobial
compounds.

This growing interest of the scientific community for new
alternatives to complement antimicrobial therapies motivates
the application of basil essential oil in several bacterial strains,
in order to evaluate the concentration capable of inhibiting
their proliferation and/or proportioning their death. In this
context, this review summarizes the action of basil essential
oil against several bacterial strains, such as Acinetobacter sp.,
Aeromonas sp., Citrobacter freundii, Enterococcus faecalis,
Klebsiella pneumoniae, Micrococcus luteus, Salmonella chol-
eraesuis, Sarcina sp., Serratia sp., Shigella flexneri, Strep-
tococcus mutans, and Yersinia enterocolitica (Gaio et al.,
2015); Bacillus megaterium, Listeria monocytogenes, Shi-
gella boydii, Shigella dysenteriae, Vibrio mimicus, and Vibrio
parahaemolyticus (Hossain et al., 2010); Bacillus cereus (Al
Abbasy et al., 2015; Baldim et al., 2018; Elansary et al., 2016;
Hossain et al., 2010; Maggio et al., 2016; Tavallali et al.,
2019); Bacillus subtilis (Carovi¢-Stanko et al., 2010; Hossain
et al., 2010; Joshi, 2014; Maggio et al., 2016; Shirazi et al.,
2014; Tavallali et al., 2019); Escherichia coli (Al Abbasy
et al., 2015; Carovié-Stanko et al., 2010; Elansary et al.,
2016; Hossain et al., 2010; Koroch et al., 2017; Maggio et al.,
2016; Predoi et al., 2018; Shirazi et al., 2014; Sienkiewicz
et al., 2013; Tavallali et al., 2019); Proteus mirabilis, Pseu-
domonas aeruginosa (Gaio et al., 2015; Maggio et al., 2016);
Proteus vulgaris (Gaio et al., 2015; Maggio et al., 2016; Shirazi
et al., 2014); Salmonella enteritidis, Salmonella paratyphi
(Shirazi et al., 2014); Salmonella typhimurium (Al Abbasy
etal., 2015; Hossain et al., 2010; Maggio et al., 2016; Tavallali
et al., 2019); Staphylococcus aureus (Al Abbasy et al., 2015;
Chenni et al., 2016; Elansary et al., 2016; Gaio et al., 2015;
Hossain et al., 2010; Joshi, 2014; Koroch et al., 2017; Maggio
et al., 2016; Predoi et al., 2018; Shirazi et al., 2014); Staphy-
lococcus epidermidis (Gaio et al., 2015; Joshi, 2014; Maggio
et al., 2016); and Streptococcus faecalis (Joshi, 2014; Maggio
et al., 2016).

Previous reports showed higher antibacterial effects on
Gram-positive rather than Gram-negative bacteria. This is
because the external membrane of Gram-negatives is com-
posed of lipopolysaccharides (hydrophilic), which restricts
the diffusion of hydrophobic compounds of essential oils
(Gaio et al., 2015; Koroch et al., 2017; Maggio et al.,
2016; Tariq et al., 2019). EO compounds have important
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hydrophobic characteristics, which favors the association
with membrane lipids and mitochondria of bacterial cells.
This association disturbs the cell structure by facilitating
wall permeability, leading to bacterial death due to the leak
of molecules and cell ions (Tariq et al., 2019).

Antifungal Activity

Many in vitro studies have evaluated the antifungal activity
of basil essential oils. The antifungal bioactive components
in BEO may target various chemical pathways or cell struc-
tures, such as cell wall degradation, membrane damage, and
interruption of proton motive force (Bhavaniramya et al.,
2019).

Antifungal activity was studied by Vieira et al. (2014),
who examined the action of different Ocimum species
with anticandidal properties (Candida strains). The spe-
cies O. micranthum (main compounds: eugenol — 64.8%
and E-caryophyllene — 14.3%), showed inhibition of all
Candida species. The species O. selloi (main compounds:
trans-anethole — 52.2% and linalool — 16.8%) showed
antifungal activity against all Candida species. O. ameri-
canum (main compounds: (Z)-methyl cinnamate — 29.4%,
1.8-cineole — 25.9%, linalool — 9.6%, and a-terpineol —
9.3%) presented antifungal activity only for C. tropicalis,
C. parapsilosis, and C. albicans. The species O. basilicum
var. purpurascens (main compounds: linalool — 41.5% and
a-muurulol — 11.8%) showed antifungal activity only for C.
parapsilosis and C. albicans. The species O. basilicum var.
minimum (main compounds: linalool — 44% and 1,8-cineole
— 15.5%) did not inhibit any Candida, which is probably
due to the presence of the monoterpene alcohols as main
constituents.

Nawaz et al. (2017) studied the effect of different con-
centrations of Cu as a fertilizer on the chemical composi-
tion of basil essential oil and its biological activity. They
observed that different concentrations of Cu increased the
concentration of the main components linalool, estragole,
and gamma-terpinene, significantly increasing the antifun-
gal activity of basil essential oil. The authors reported that
the biological action is due to the presence of linalool and
other oxygenated monoterpenes. This bioactivity may occur
in several ways, by the adherence of the compounds to the
fungal cell wall. This causes an anomaly in membrane fluid-
ity, which leads to cytoplasmic loss and consequent inter-
ruption of ATP assembly. These affect the Ca®* and H*
homeostasis, causing loss of ions, and consequently, loss of
cell viability. Besides that, the permeability of mitochondria
may be altered by the compounds, causing an alteration
in the flow of electrons and leading to apoptosis and cell
necrosis (Gundewadi et al., 2018; Raut & Karuppayil, 2014;
Tariq et al., 2019).

Studies used different strains of fungi and showed prom-
ising results for antifungal properties in vitro of BEO, e.g.,
the following strains: Alternaria alternata (Ahmad et al.,
2016; Marco et al., 2020); Alternaria tenuissima (Marco
et al., 2020); Aspergillus flavus (Ahmad et al., 2016; El-soud
et al., 2015; Gundewadi et al., 2018); Aspergillus fumiga-
tus (Ahmad et al., 2016; Beatovic¢ et al., 2015); Aspergillus
ochraceus, Aspergillus versicolor, Penicillium funiculosum,
Penicillium ochrochloron, and Trichoderma viride (Beatovié
et al., 2015); Aspergillus niger (Ahmad et al., 2016; Beatovic¢
et al., 2015; Hanif et al., 2017; Tavallali et al., 2019); Can-
dida albicans (Tavallali et al., 2019); Penicillium (Ahmad
et al., 2016); Penicillium notatum (Hanif et al., 2017); Peni-
cillium chrysogenum (Gundewadi et al., 2018); Penicillium
nalgiovense, Penicillium sp. (Saggiorato et al., 2012); and
Rhizopus solanai (Ahmad et al., 2016).

The effectiveness of basil essential oil is proven by the
studies presented; the identification of isolated or combined
phytochemicals helps to identify the compounds responsible
for antifungal activities, the mechanism of action and which
cells are least resistant.

Antioxidant Activities

Over the last few years, some research has reported the anti-
oxidant activity of essential oils, in response to growing con-
sumer demand for the replacement of synthetic antioxidants
by natural products (Sharma et al., 2019). The antioxidant
activities of basil essential oil have been addressed using
various free radical scavenging methods, such as ABTS,
DPPH, and the ability to reduce iron (FRAP).

The improvement of techniques for identification of the
essential oil compounds, as well as improvements in the ana-
lytical methods of antioxidant action, showed that this action
is the result of a synergistic effect among the compounds,
not referring to only one isolated compound (Tavallali et al.,
2019). The antioxidant action can come through different
mechanisms, such as free radical sequestration, hydrogen
donation, and metal ion chelation.

The methylation behavior was reported by Koroch et al.
(2017), who mentioned that the highest antioxidant activity
is associated with linalool-eugenol, with a predominance
of the highest eugenol content; on the other hand, essential
oils with the highest concentrations of linalool and methyl
chavicol presented the lowest reducing activity. This behav-
ior was observed and correlated to the hydroxyl group (OH)
present in some compounds, such as methyl eugenol, which
is blocked by methylation, thus decreasing the antioxidant
activity. The authors also reported that additional methoxy
groups considerably increase antioxidant activity, which
explains the high antioxidant activity of eugenol (presence
of the methoxy group in the molecule).
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The higher antioxidant potential of the BEO is correlated
with the highest proportion of compounds containing a phe-
nolic ring with an OH group, not excluding minor compo-
nents. Chenni et al. (2016) reported that the main component
does not always determine the antioxidant activity of an EO,
being necessary to identify compounds in lower concentra-
tions due to their synergistic effects when combined with
other compounds. Furthermore, Couto et al. (2019) reported
that the mixture of compounds can overcome this bioactiv-
ity when compared with isolated compounds. According to
Zlotek et al. (2016), the application of jasmonic acid consid-
erably increased the antioxidant activities when compared
to the control, and this biological activity is attributed to the
higher levels of linalool and eugenol. In addition, the authors
reported a possible correlation between the proportion of
eugenol and the antioxidant capacity, where the increase in
the eugenol concentration influences the increase in bioac-
tivity. This behavior was also mentioned by Chenni et al.
(2016).

Hydroxyl groups have been reported as primarily respon-
sible for the high antioxidant activity of basil essential oil.
They are characterized by the ability to donate hydrogen
atoms to free radicals, sequestering and inactivating them
(Rodklongtan & Chitprasert, 2017; Tavallali et al., 2019).
However, the absence of an aromatic ring in the molecule
containing an OH group (i.e., 1,8-cineole and linalool) and
some other monoterpenes results in low antioxidant proper-
ties (Koroch et al., 2017).

Overall, the bioactivity depends on the structure and vari-
ation of the chemical compounds present in basil essential
oil.

Anti-inflammatory Activity

Inflammation is a response of the body, whose function is
to protect the organism against attacks by an endogenous
or exogenous etiological agent. In response, the body alters
vascular and cellular functions, sending defense chemicals
to inflammation. When the inflammatory process persists,
it can cause tissue damage caused by offensive tissue cells
(such as macrophages and lymphocytes) and present symp-
toms potentially harmful to the body, such as the develop-
ment of lethal chemicals, both for the inflammatory aggres-
sor and the human body itself (Rodrigues et al., 2016).

The study conducted by Ziotek et al. (2016) evaluated the
anti-inflammatory action of BEO, reporting that an increase
in chemical compounds of basil essential oils, such as euge-
nol, linalool, and limonene, showed a high anti-inflammatory
activity. The authors also reported that these compounds may
be responsible for inhibiting cyclooxygenase 2 (COX-2), an
enzyme that acts in the inflammatory process.

A study comparing steroidal and non-steroidal anti-
inflammatory drugs was reported by Rodrigues et al. (2016).
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The estragol in Ocimum basilicum caused reduction in acute
and chronic systemic inflammation in paws of rats, when
compared to the steroidal anti-inflammatories (dexameth-
asone and indomethacin). This action occurs through the
inhibition of receptor mechanisms and chemical mediators
from the inflammatory process.

Studies also report the correlation between inflammatory
response and antioxidant activities. According to Miguel
(2010), the inflammatory process of the body favors the
release of oxidative compounds and reactive oxygen species
(ROS), and the free radical scavenging efficacy is considered
important to reduce inflammation (Raut & Karuppayil, 2014).
In addition, other activities are linked to the mechanism of
inhibition or reduction of inflammation, such as inhibition
of lipoxygenase, prevention of leukotriene synthesis, inhibi-
tion of the COX-2 enzyme, inhibition of pro-inflammatory
cytokines, interleukin-1f (IL-1f), and tumor necrosis factor-a
(TNF-a0), and suppression of pro-inflammatory genes (Miguel,
2010; Raut & Karuppayil, 2014).

Insecticidal Action

Insecticides, repellents, and synthetic pesticides are con-
sidered toxic to the human body (Pandey et al., 2014), and
alternative control measures are needed. Basil essential oil
(O. basilicum L.) has presented insecticidal activity, being
able to replace synthetic chemicals. This replacement aims
at human and environmental safety (Benelli et al., 2019;
Wang et al., 2019).

According to the studies reported by Beier et al. (2014),
linalool is the compound responsible for insecticidal action
against fruit and house flies. This action can be explained
by the effects that this compound promotes on the central
nervous system. Wang et al. (2019) reported that monoter-
penoids have powerful actions on this system, with the inhi-
bition of acetylcholinesterase (AChE) and the modification
of y-aminobutyric acid (GABA) receptors and octopamine
receptors.

Chenni et al. (2020) reported that the main essential oil
compounds of O. basilicum L. — linalool, methyl chavicol
and methyl eugenol — had a toxic effect, by contact and
ingestion, against cereal insects S. oryzae, R. dominica, and
T. castaneum, being indicated as a potential environmen-
tally friendly insecticide. Ottai et al. (2012) presented the
insecticidal activity of BEO from two cultivars (Egyptian
and French) against the insects Rhyzopertha dominica. The
results showed that BEO had an insecticide effect of 100%,
attributed to the presence of linalool.

The fumigation of basil essential oil was reported by
Hossain et al. (2014), who studied the mortality of adult
S. oryzae insects and found that BEO was highly toxic to
the insect, confirming the results of insecticidal and repel-
lent properties. Follett et al. (2014) report that fumigation
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caused high mortality in rice insects (Sitophilus oryzae L.)
and can be used to control pests.

The secondary metabolites of plants serve ecological
functions, such as defensive or protective, mainly against
insect attacks (Oliveira et al., 2014). These metabolites,
such as EOs, have potent insecticidal activity against a
wide spectrum of insects and other pests, and therefore
could be used as an alternative to synthetic insecticides.

Anticancer Activity

Anticancer activity is intended to prevent the prolifera-
tion and growth of some cancer cells (Sharma & Jana,
2020). Several studies report the important influence of
the essential oil compounds on biological pathways and
regulation of cell cycles, such as angiogenesis and metas-
tasis (Mahmoud & Abdelrazek, 2019). The compounds
can induce preventive mechanisms, act in the tumor cell
itself, and interact with environmental factors that promote
the development of cancer (Bouyahya et al., 2020).

Numerous published reports have suggested the anti-
cancer potential of monoterpenes against various cell
lines by apoptosis; however, few studies report the anti-
cancer activity attributed to the basil essential oil. Taie
et al. (2010) used the line Ehrlich ascites carcinoma cells
(EACC) and observed a decrease in cell viability with
the increase in BEO concentration. This bioactivity may
be due to the monoterpenes present in BEO: camphor,
limonene, thymol, citral, geraniol, and linalool.

Singh and Chaudhuri (2018) reported that the essential
oil extracted from the leaves of plants of the genus Oci-
mum showed antiproliferative activity against cells of a
mammary lineage that present tumor phenotype at MCF-7.
The authors mentioned terpenoids and flavonoids as the
main compounds responsible for this behavior.

Few studies reported the anticancer activity of BEOs,
and as a consequence, there is a lack of information related
to their mechanism of action. Despite this, linalool, a main
compound of BEO, has been widely reported in the litera-
ture: several studies described its anticancer action. Accord-
ing to Pereira et al. (2018), linalool induces the stopping of
the cycle of human prostate cancer cells (DU145). Chang
et al. (2015) reported that this compound induced apopto-
sis in the line of myeloid leukemia cells (U937). Cerchiara
et al. (2015) demonstrated that linalool has pro-apoptotic
effects on a human melanoma cell line (RPMI 7932).
Besides these, other studies describe the anticancer activ-
ity of linalool in different cell types, such as hepatocellular
carcinoma cells (HepG2) (Rodenak-Kladniew et al., 2018),
human-alveolar-adenocarcinoma cells (A549) (Rodenak-
Kladniew et al., 2014), among others.

Toxicological Effects

The chemical constituents of EOs are studied for their
potential in many functions: anticancer, antioxidant, anti-
inflammatory, antimicrobial, antistress, analgesic, diuretic,
and insecticide, among others (Giindel et al., 2018; Shirazi
etal., 2014).

The application of EOs directly to food or packaging
to control microorganisms is also a growing trend as an
alternative source to the chemicals used. Chenni et al.
(2020) evaluated the toxicity of O. basilicum essential oil
extracted by HD and SFME methods, encapsulated with
maltodextrins and gum arabic, in insects collected from
stored cereals. The insects examined were Sitophilus ory-
zae (rice weevil), Rhyzopertha dominica (smaller borer),
and Tribolium castaneum (red flour beetle), by the tech-
nique of direct contact and ingestion. The maximum tested
concentration (1 g/kg) of essential oil obtained by encap-
sulated SFME was the most efficient, causing the mortality
of 93.68% by contact and 85.26% by ingestion for R. domi-
nica. No concentrations of essential oil tested, obtained by
different extraction techniques, had potential to combat 7.
castaneum through direct contact or ingestion.

Basil essential oil also had its toxicity tested against
human cells, which showed that it is not toxic to healthy
cells. Stanojevic et al. (2019) revealed the absence of skin
irritation after topical application of BEOs under occlu-
sion. This oil could be used in skin hyperpigmentation
treatment, addressing problems such as the appearance of
dark spots and freckles caused by aging. However, it can
also decrease skin moisture in all sites, and its frequent use
could cause increased dryness in skin.

Hemolytic activity is an important test for evaluating
essential oils that have potent biological activity: if they
have hemolytic effects, they are not useful for applica-
tions in food, packaging, and pharmacological prepara-
tions. Basil essential oil isolated by SFE method was
tested in vitro in human erythrocytes (O blood groups) and
presented minimum activity (18.59%), while the hydro-
distilled essential oil exhibited higher value (35.83%).
Therefore, it is possible to infer that SFE is a better method
for extraction of basil essential oil with lower hemolytic
activity, when compared to the HD method (Abbas et al.,
2017).

Shirazi et al. (2014) applied O. basilicum essential oil in
nasopharyngeal cancer (KB) and liver hepatocellular car-
cinoma (HepG2) cell lines, using a modified MTT assay.
They concluded that low concentrations (1-10 ug/mL) had
no effect on KB and HepG?2 viability. However, at higher
concentrations (10-100 pg/mL), cell viability was signifi-
cantly reduced in a concentration-related manner, with the
maximum effect at 200 ug/mL. ICy, was 45 +4 ug/mL for
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KB and 40 + 3 pg/mL for HepG2. Among the several pos-
sible applications of essential oils, one could study their
cytotoxicity against human tumor cells and see if they are
promising for use in the treatment of diseases.

Onyebuchi and Kavaz (2019) developed chitosan (OGEO-
CSNPs) and N,N,N-trimethyl chitosan (OGEO-TMCNPs)
nanoparticles loaded with O. gratissimum essential oil
(OGEO). The authors evaluated cell viability using differ-
ent concentrations (5 to 100 uL/mL) of these nanoparticles
and pure essential oil in breast cancer cells MDA-MB-231.
It was found that the viability of the cells decreased with a
corresponding increase in concentration in all treatments.
In addition, OGEO-TMCNPs nanoparticles significantly
inhibited the viability of the cancer cell line at much lower
concentrations compared to other treatments. The high anti-
proliferation activity of cells with the application of pure
essential oil or in nanoparticles is due to the generation of
oxidative stress with the cell membrane.

Cytotoxicity studies contribute in proving that BEO
is safe for application in the fields of medicine and food.
Furthermore, cytoxicity approaches show that this EO can
be added directly to food, in nanoemulsions, capsules, or
packaging, due to its antioxidant, antimicrobial, and antifun-
gal effects, among other bioactivities. In addition, different
parameters can be used, such as dosages, contact time, and
form of application (direct, by spray, encapsulated). This
allows verifying which concentration and application condi-
tion is safe and does not promote undesirable toxicological
effects. Table 4 summarizes some cytotoxic studies of BEO,
showing the influence of the extraction method, its form of
application, and the main results in different cells tested.

In general, EOs do not produce a cytotoxic effect when
used in low concentrations. However, further research is
needed on the isolated interference of each chemical com-
pound present in EOs, in order to assess their interference
with the toxicity characteristics in cells and therefore predict
also its possible negative effect in healthy cells. In addition,
normalization of the dose and incubation time in cell and
animal models will allow a better understanding of the bio-
logical activities and mechanisms of EOs.

Applications of Basil Essential Oil in Food

Basil essential oil has been widely used in food production,
flavoring, preservation, and safety. Due to its pleasant fra-
grance, basil oil is used as an additive in foodstuffs such as
sausages, cheeses, and alcoholic and nonalcoholic bever-
ages. In addition, BEOs are widely used in combination with
other spices and herbs in a variety of foods: confectionary
and bakery products, sweets, puddings, condiments, vin-
egars, ice creams, mustard, and pickled vegetables (Li &
Chang, 2016).

@ Springer

Besides that, the use of BEO as a natural food preserva-
tive has steadily gained recognition in the literature. There
are several studies on the application of BEO with this
purpose, reporting the following uses: natural antioxidant
additive in meat, improving color and lipid oxidative sta-
bility (Falowo et al., 2019); antibacterial agent in Italian-
type sausage, reducing the count of Staphylococcus aureus
until the 14th day of storage (Gaio et al., 2015); antifungal
compound in Italian-type sausage (Saggiorato et al., 2012)
and fermented sausages (Koci¢-Tanackov et al., 2020),
being a possible substitute for chemical additives; and
incorporated in fish protein isolate/fish skin gelatin-ZnO
nanocomposite film to increase the shelf life of refriger-
ated sea bass slices (Arfat et al., 2015). In addition, the
BEO can be added to dairy products, being an antioxidant
and antimicrobial agent and enhancing the flavor of these
products (Licon et al., 2020). Some of these applications
are described in Table 5.

The chemical composition of BEO is directly influenced
by the place of harvest, cultivars (green and purple), climatic
conditions, collection, and stages of harvesting (Singh &
Chaudhuri, 2018). Moreover, the composition interferes in
the aroma, personality, and application of EOs (Li & Chang,
2016).

These oils can be incorporated or coated onto synthetic
packaging films, due to their antimicrobial effect on food
products and consequent increase of shelf life (Adelakun
et al., 2016). The choices of EO and its concentration are
important when adding it to a given food: this addition can
cause sensory changes, even in small quantities. The intense
aroma of the oil can affect the flavor of food, but synergistic
combinations of EOs with each other or with other barrier
techniques can reduce this effect (Mariod, 2016).

The methods and temperatures used in drying basil
directly interfere with the sensory characteristics of the
product. Higher temperatures usually imply decrease in
attributes of odor such as fresh, floral, and herbaceous, and
increase in others: spicy, hay-like, sweet, earthy, woody, and
infused (Calin-Sanchez et al., 2012).

In addition, the volatile compounds present in different
species of essential oils are responsible for the characteristic
aroma notes. Jirovetz et al. (2003) reported that in O. ameri-
canum, the herbal-fruity and sweet-balsamic aspects of odor
are observed by the presence of methyl cinnamates, camphor
due to some monoterpenes, pine of pinane structures, and
green notes of hexane derivatives. In O. basilicum, linalool
and its oxides would generate notes of linalool and eugenol,
as well as spicy notes of methyl eugenol with a direction of
clover. In O. gratissimum, pepper notes can be attributed to
(Z)-p-ocimene, germacrene D, and p-caryophyllene. In O.
sanctum, spicy green notes are due to methyl eugenol and
spicy pepper notes which are derived from f-caryophyllene
and its oxide and germacrene.
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Table 5 (continued)

Reference

Main results

Methodology

Part plant

Specie

Analyses

Extrac-
tion

Food application

method

Licon et al. (2020)

Antibacterial activity of The fortification of milk with

Cheeses made with ewes’ milk SFME

Leaves

Ocimum basilicum

the addition of 0.250 g/kg of

BEO promoted the greatest
antibacterial effect against
microorganisms that occur

Clostridium tyrobutyricum,

Escherichia coli and antifun-
gal activity of Penicillium

verrucosum

naturally in milk and cheese.

It was not possible to evaluate

the inhibitory capacity in

coliforms or initial molds, as

the milk was free of these two
groups of microorganisms,

since none of them grew even

in the control cheeses

BEO basil essential oil, MIC minimal inhibitory concentration, HD hydrodistillation, CEO commercial essential oil, SFME solvent-free microwave extraction

The antifungal, antibacterial, and antioxidant proper-
ties of essential oils can benefit foods without interfering
negatively in their sensory aspects. Possible alternatives
are to encapsulate these before application in foods or add
them to packaging, making them active (Arfat et al., 2015).
The use of techniques that do not use high temperatures is
promising for the encapsulation of BEO and isolated EO
compounds, allowing their slow and gradual release into
food. Such techniques can be coacervation (Ngamakeue &
Chitprasert, 2016), emulsion freeze-drying (Chenni et al.,
2020), and inclusion complex by ultrasound method (Siva
et al., 2020). Another option is the development of nanocom-
posite film that can be used as an edible active coating or
primary packaging in foods with the incorporation of BEOs
(Arfat et al., 2015; Bonilla et al., 2014) or emulsions with
micro- and nanometric size particles (Shokri et al., 2020;
Xiong et al., 2020). Although the studies carried out by
Shokri et al. (2020) and Xiong et al. (2020) used EOs of
Ferulago angulata and oregano, the development principle
can be extrapolated to incorporate BEO, due to the similarity
of the hydrophobic characteristic of the compounds.

The encapsulation of EO and the use of nanotechnologies
are fields that have great potential to be explored. They can
allow the use of lower concentrations that are still capable
of maintaining antimicrobial efficacy. This is key for the
implementation of EOs in the preservation of food, without
undesirable organoleptic effects.

Concluding Remarks and Future
Perspectives

There is a growing market demand for natural products
such as essential oils, since their bioactive material can be
applied in food systems. However, this area presents some
challenges. A fundamental point regards the variations in
the chemical profile of BEO, conditioned by factors as geo-
graphical region of production, climatic conditions, and
genetics. They need to be considered, besides the method
or technology used for oil extraction. Consequently, the dif-
ferent chemical characteristics of BEO influence its potential
and effectiveness of application in different areas.

Moreover, despite the wide range of studies investigating
the bioactive properties of BEQ, its effective application in
the food area is very limited and there seems to be a lack of
more detailed in situ and in vivo experiments. The possibil-
ity of direct application of EO seems to be limited, due to
causing undesired sensory effects. The encapsulation of this
bioactive compound to create delivery systems is a promis-
ing technique in the areas of food and packaging. It allows
slow and gradual release of compounds; they present their
bioactive effects, but are not able to interfere negatively in
sensory aspects.

@ Springer
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To conclude, this review demonstrated the main advan-
tages and challenges of extraction and identification of com-
pounds present in basil essential oils of different species,
from different geographic regions and obtained by various
extraction methods. In addition, antibacterial, antifungal,
and antioxidant activities were presented. Thus, the studies
reported in this review suggest great perspectives for the use
of BEO, but further investigation is needed to clarify some
points: how the compounds act, whether they act alone or
synergistically in their bioactive actions, and their mecha-
nisms of toxicity in relation to the most diverse cells.

The use of EOs in the food, cosmetic, and pharmaceutical
markets has been growing considerably in recent years, due
to the market appeal of natural products. However, aspects
still to be ensured are quality and safety in their use. BEO
presents a wide variation in chemical profile; thus, this oil
needs further exploration. Only by guaranteeing biosafety
can BEO have potential application in the food, cosmetic,
and pharmaceutical areas.

This overview of BEO addressed the following points:
extraction methods, variations of chemical compounds, bio-
logical activity, and toxicology. The chemical constituents
undergo variations involving extraction techniques (conven-
tional and alternative), geographical variation, seasonality,
genetics, and other factors. The chemical structure of the
compounds can favor biological activities: antibacterial,
antifungal, antioxidant, anti-inflammatory, insecticide, and
anticancer. Although the results presented in this review con-
stitute a rich database about the essential oil of basil (Oci-
mum basilicum L.), future research on its use is of extreme
relevance. Therefore, more studies are needed on the follow-
ing topics: the improvement of techniques for the identifica-
tion of volatiles; the exploration of pharmacological activi-
ties, and therapeutic potential of other compounds present in
BEO; and the expansion of in vivo studies and clinical trials
of BEOQ, in order to identify the effects on consumers and
expand the application of this oil to different food systems.
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