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ABSTRACT: Ocimum is considered the largest genus in the
Lamiacea family. The genus includes basil, a group of aromatic
plants with a wide range of culinary uses that nowadays draws
attention for its medicinal and pharmaceutical potential. This
systematic review intends to explore the chemical composition of
nonessential oils and their variation across different Ocimum
species. Moreover, we aimed to identify the state of knowledge
regarding the molecular space in this genus as well as the different
methods of extraction/identification and geographical location.
Seventy-nine eligible articles were selected for the final analysis,
from which we extracted more than 300 molecules. We found that
the countries with the highest number of studies into Ocimum
species are India, Nigeria, Brazil, and Egypt. However, from all
known species of Ocimum, only 12 were found to have an extensive chemical characterization, particularly Ocimum basilicum and
Ocimum tenuif lorum. Our study focused especially on alcoholic, hydroalcoholic, and water extracts, in which the main techniques for
compound identifications are GC-MS, LC-MS, and LC-UV. Across the compiled molecules, we found a wide variety of compounds,
especially flavonoids, phenolic acids, and terpenoids, suggesting that this genus could be a very useful source of possible bioactive
compounds. The information collected in this review also emphasizes the huge gap between the vast number of Ocimum species
discovered and the number of studies in each of them that determined the chemical characterization.

1. INTRODUCTION
Within the Ocimum genus, more than 65 native species have
been described. It is considered the largest genus in the
Lamiaceae family.1,2 The word Ocimum is derived from the
Greek term “ozo”, which means “smell or fragrance”.3 Due to
Ocimum species’ use in traditional cuisine, medicine, perfumes,
and the pharmaceutical industry, Ocimum is considered the
“king of herbs”.4 The diversity of the genus Ocimum depends
mainly on geographical distribution, which has being defined
as (1) tropical Asia, (2) tropical and subtropical regions of
Africa, and (3) tropical parts of North and South America.5,6

According to Grayer et al., some of the principal species are O.
basilicum, O.gratissimum, O. kilimandscharicum, O. lamiifolium,
O. minimum, O. citriodorum, O. gratissimum, and O. american-
um, which are classified by matching their chemical
composition and closer morphology.6 However, as we will
see later, the species’ chemical composition is difficult to
analyze and is the central topic in this review. In this sense, the
chemical variability according to Pandey et al. could derive
from different changes in “edaphic factors” as well as different
climatic zones.7 Other factors that may affect the chemical
composition are cross-hybridization, polyploidization, morpho-
genesis, harvesting, drying, and storage.8

Previous studies have been carried out in order to explore
chemical diversity across several Ocimum species. Chowdhury
et al. reported a significant variation in chemical constituents
from ethanol extracts,5 while Kruger et al. found similar results
by studying the chemical composition of essential oils (EOs).
In EOs, previous studies have found a large consistency in the
presence of linalool, citral, and methyl cinnamate across
different Ocimum species.9 However, studies related to the
extensive chemical description of nonessential oils are scarce
(as we will discuss later) in this genus. Besides uses in the
culinary and food industries, Ocimum’s potential effects, such
as antibacterial, anti-inflammatory, antioxidant, geno-protec-
tive, and antitumoral activities, have been reported recently
using different extraction solvents.10−12 Even when the
chemical composition is generally not fully reported in those
studies focused on biological impact, the known presence of
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phenolic compounds, including eugenol, rosmarinic acid,
apigenin, rutin, and caffeic acid, could be associated with
some of those effects.13,14 Considering the importance of
Ocimum species, given their medicinal and culinary uses, it is
important to study the chemical composition and experimental
methods used for extractions and characterization. In this
sense, the aims of this review were (1) to consolidate the
information regarding chemical composition (non-EOs) across
different Ocimum species as reported by other authors and (2)
to compare the chemical space across different studies/species.
However, chemical composition will depend on the extraction
and instrumental methods used as well as the geographical
location; therefore, those variables will also be explored.

2. METHODOLOGY
2.1. Literature Search. A search on PubMed database

(https://pubmed.ncbi.nlm.nih.gov/) was performed using the
terms: “Ocimum” [Title/Abstract] OR “leaf” [Title/Abstract]
OR “plant” [Title/Abstract] combined with “extract” [Title/
Abstract] AND “alcoholic” [Title/Abstract] OR “hydroalco-
holic” [Title/Abstract] OR “ethanolic” [Title/Abstract]. The
search was delimited to articles published in English in the last
10 years, from 2012 to (June) 2022. We examined the titles,
abstracts, methodology, and reports of the chemical
composition across all retrieved articles and determined the
eligibility of the articles. As a result of this PubMed search, a
total of 365 results were further processed.

2.2. Data Processing and Filtering. Manual processing
was carried out to organize the information from the 356
retrieved articles. The process of inclusion and exclusion of
studies are shown in Figure 1. The exclusion criteria were

• No full evaluation of the chemical composition of the
plants (n = 189). This means that in those studies, no
specific separation/identification experiments were
implemented to identify the main chemical constituents
(HPLC, GC, mass spectrometry, UV, etc.).

• Studies performed on essential oils (n = 12). In these
studies, the extraction was made with water distillation.

• Extractions made with seeds, calluses, or a mixture of
different plants (n = 6).

• Characterization of fermentation products or fungi, or
articles using iontophoretic extraction (n = 5).

• Ocimum extracts used for nanoparticles synthesis (n =
21).

• Reviews and books (n = 8), articles with no access to the
full text (n = 24), and extractions with the following
solvents: butanol, chloroform, dichloromethane, and/or
hexane (n = 12).

Finally, a total of 277 articles were rejected and 79 accepted
for further analysis. The group of 79 articles comprises
extractions using water, alcohol (with no differences between
methanol and ethanol), hydroalcoholic mixture (with no
differences between methanol and ethanol, or different water/
alcohol proportions), acidic alcohol, and ethyl acetate (Table
1) (see Figure 1 for schematic representation). In Figure 1, the
total sum is higher than 79 because some articles combine
identification across more than one extraction procedure.

2.3. Molecule Analysis and Classification. Some
challenges emerge in the comparison of the identified
molecules across different publications. One of these is the
ambiguity of chemical naming between different authors. In
some cases, the same molecule could have a different name,
e.g., apigenin 8-C-glucoside is the same as vitexin according to
PubChem (https://pubchem.ncbi.nlm.nih.gov/compound/
5280441). In the classification of the identified compounds

Figure 1. Schematic representation of the rejected and accepted manuscripts. We indicate the extractions methods, as finally comprised, and the
total number of accepted articles found: hydroalcoholic extractions (n = 24), alcoholic acid extractions (n = 3), water extractions (n = 23), ethyl
acetate extractions (n = 9), and alcoholic extractions (n = 35).

Table 1. Number of Articles Across Different Extraction and
Analysis Methods

Extraction method

Analysis
method Alcoholic

Alcoholic-
acid

Ethyl
acetate

Hydro-
alcoholic Water

GC 0 0 0 1 0
GC-MS 8 0 2 4 5
LC-UV 14 2 3 12 9
LC-MS 14 1 5 8 6
Othersa 1 0 0 1 3

aThe category “others” comprises TLC, RMN, or combinations of
them.
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in our search, manual curation was performed using the
PubChem database (https://pubchem.ncbi.nlm.nih.gov/) as
our reference guide for searching for names and synonyms.
Mass spectrometry is one of the most commonly applied

methods for molecular identification in natural products, but in
some cases, there are ambiguities during identification. For
example, several articles mention “quercetin 3-O-hexoside” or
“coumaroyl-glucoside derivate”, which means that the specific
determination of the aglycone or its connection with the rest of
the molecule is unknown. These ambiguities and alternative
nomenclature are difficult to curate; therefore, manual
procedure and annotation were performed as follows:

• If the name of the molecule presented in the manuscript
can be directly located in the PubChem database, the
isomeric smiles code was retrieved, and the molecule
was labeled as “0”. All possible synonyms were retrieved
and renamed across all variations using a unique name.

• If the name of the molecule presented in the manuscript
did not appear within the PubChem database, we carried
out some additional inner codification and processing.
For example, in Khaled et al.,15 the following
identifications were reported: apigenin-7-hexoside,
quercetin-O-hexoside, and rosmarinic acid derivate. All
these names were kept in our final database and labeled
as “1” with no Smiles code associated. However, a Smiles
code is necessary for further molecule classification and
analysis. In these cases, a “closer” chemical representa-
tion was used and added to the data set (labeled as “2”).
In this case, we classified the molecules that were similar
in terms of chemical skeleton and had already a Smiles
code as having “closer” chemical representation.

Following the same example, rosmarinic acid, querce-
tin-3-O-glucoside, and apigenin 7-glucoside were added
to the database if they were not already identified in the
manuscript.

Therefore, in each manuscript, the code “0” represents an
unambiguously identified molecule, “1” represents a molecule
that was not clearly identified, and “2” indicates an added
molecule closer to those with code “1”. The main reason for
adding a closer molecule is to represent as much as possible
the chemical space of the molecules detected in a specific plant
and using a specific extraction solvent. Another example is in
Fernandes et al.,16 where 6 glycosylated cyanidins were
reported as “isomers”. All of them are labeled as “1” and a
Cyanidin 3-glucoside was added only once in the database and
labeled as “2”. All molecules with the corresponding Smiles
and labeled as “0” are presented in Supporting Information 1.
All molecules were classified using their SMILES represen-

tation and the NPClassifier.17 The NPClassifier is a deep-
learning algorithm used to predict super classes and classes of
molecules (i.e., flavonoids, terpenes, phenolic acids, etc.) using
the SMILES code of the molecule. This classification is useful
to us to compare molecular types across different articles and/
or plant species.

3. RESULTS AND DISCUSSION
A total of 356 articles were analyzed, and the initial result
indicated that 189 articles do not report a specific chemical
composition. These articles are mainly focused on the in vitro
and in vivo effects of aqueous and ethanolic extracts. The
majority of these articles reported total quantities, like total
amounts of polyphenols, tannins, and anthocyanins as well as

Figure 2. (A) Distribution of 79 articles across Ocimum species, delimited by our search criteria. (B) Distribution of the 79 articles across all
identified countries. (C) The number of countries with at least one article describing the chemical composition of a particular Ocimum species.
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total antioxidant capacities. In a few cases, computational
analysis was performed but using oldest reports of chemical
composition. The importance of these studies relies on the
findings regarding antibiotic, anti-inflammatory, and anti-
diabetic effects, as well as potential protection against oxidative
stress.10,18−20 However, we consider that chemical composi-
tion, or at least the main chemical component analysis, could
improve those manuscripts and contribute to the exploration
of chemical diversity (or consistent component effects) across
different species.

3.1. Distribution of Studies across Ocimum Species
and Countries. The 79 articles under study comprise 12

Ocimum species, but O. basilicum, O. tenuif lorum, and O.
gratissimum appear in the highest number of studies (Figure
2A) and in more studies across different countries (Figure 2B).
In some articles, the cultivar of the species is named, but in
others this information is missing. A total of 10 cultivars were
identified: Purpurascens (Portugal), Maria Bonita (Brazil),
Aroma2, Eleonora, Italiano Clasico, Basilico Rosso, and Dark
Opal (Italy), Mitikas (Germany), and Red Basil (Greece), and
all of them bred O. basilicum.
It is also noticed in Figure 2C that countries such as India,

Nigeria, Brazil, Egypt, Pakistan, Portugal, Saudi Arabia, and
South Africa report the highest number of articles. However, it

Figure 3. (A) Selection of molecules (n = 17) representing the most frequently reported ones across the articles. (B) The area represents the
number of species in which the molecule was reported (from a maximum of 8 to a minimum of 3 species). (C) Distribution of molecules found in
all Ocimum species according to superclasses defined by NPclassifier.
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should be mentioned that the number of published studies
may be related only to a single basil species, as in the case of
South Africa, where the main study of chemical composition is
focused only on O. americanum. Another case of interest is
Nigeria, where a high number of articles have been published
but, according to our findings, only focused on O. basilicum
and O. gratissimum.
As previously stated, the genus Ocimum includes about 65

species and is considered the largest genus in the Lamiaceae
family.1,5 Moreover, there are huge numbers of reports
regarding Ocimum species in the Tropicos database (https://
tropicos.org), in which we can see that the greatest
concentration is found in South America, Africa, and Asia.
Nonetheless, our findings clearly indicate that chemical
characterization (not including essential oils) was performed
in very few cases. Indeed, chemical characterization is only
available for 12 species of Ocimum. Additionally, even across
those 12 species, the articles are mainly focused on 4 of them
(O. basilicum, O. tenuif lorum, O. gratissimum, and O.
citriodorum).
A possible explanation for the relationship between the

countries and the number of studies (and species) we found in
the literature (with the extraction methods we considered) is
Ocimum’s uses in those countries. For instance, India has the
highest number of articles related to Ocimum species (n = 12)
(O. tenuif lorum (n = 9), O. basilicum (n = 2), and O.
gratissimum (n = 1)) and Ocimum (especially O. tenuif lorum)
plays an important role in Ayurvedic medicine.21 The plants
are used as probiotics for their immunomodulator and anti-
inflammatory effects22 in the treatment of convulsions or
anxiety because of their anti-amnesic properties, in central
nervous systems disorders,23 and as antibacterial agents in
toothpaste, mouthwash, and gels.16 However, in other
countries, like Italy, basil plants are traditionally used as the
main ingredient of Mediterranean cuisine (particularly O.
basilicum).24,25 In this country, we found that all studies were
performed on O. basilicum..26,27 Interestingly, the species O.
kilimandscharicum has been only studied (with the method-
ology of our present work) in Egypt.

3.2. Extraction and Compound Identification Meth-
ods. Across the 79 articles accepted and processed, several
strategies for molecular identification were used. In some cases,
only ultraviolet (UV) was used (with liquid chromatography)
and in others, nuclear magnetic resonance (NMR) and thin
layer chromatography (TLC) were also used. In most cases,
gas chromatography−mass spectrometry (GC-MS) or liquid
chromatography−mass spectrometry (LC-MS) was used for
separation and identification (Table 1). Most of the studies
employed LC-UV (liquid chromatography with ultraviolet),
which focuses on the quantification of specific compounds and
consequently uses the retention time and reference standards
for identification confirmation. Other reports mention the use
of NMR, usually combined with LC or even LC-MS;
additionally, some studies combine more than one identi-
fication strategy. Our results found that the most widely used
identification methods for alcoholic and hydro-alcoholic
extractions (which are the more common) are LC-UV and
LC-MS. The section defined as “others” mentions less
frequently used techniques: NMR, UV, TLC, and HPLC,
which do not report the use of mass spectrometry.
Regarding molecular identification, a total of 325 molecules

were labeled as “0” (the reported names were directly found in
PubChem), 39 as “1” (the reported names are unspecific), and
22 as “2” (molecule inserted and similar to those labeled with
“1” in order to maintain the chemical space) for a total of 335
unique smiles. The compounds with the highest number of
identification as well as those most detected across different
species are presented in Figure 3A and B.
Due to the high number of compounds, it is not possible to

include all of them in a single image. We limited our graphs
(Figure 3A and B) to those with the highest number of
references (the full list can be found in Supporting Information
I). The most reported compound (Figure 3A) is caffeic acid,
followed by rutin, rosmarinic acid, and chicoric acid. However,
in terms of species, rutin and rosmarinic acid were found in 8
species (O. americanum, O. basilicum, O. campechianum, O.
citriodorum, O. gratissimum, O. kilimandscharicum, O. selloi, and
O. tenuif lorum), followed by rosmarinic acid in the species: O.

Table 2. Principal Molecules Identified in the 12 Ocimum Species Analyzed

Ocimum species Countries Principal identified compounds

O. basilicum Algeria, Brazil, Democratic Republic of Congo, Ecuador, Egypt,
Germany, Greece, India, Iran, Israel, Italy, South Korea, Nigeria,
Pakistan, Portugal, Romania, Saudi Arabia, Serbia, South Africa

Caffeic acid, rutin, rosmarinic acid, chircoric acid, quercetin, chlorogenic acid,
gallic acid, quercetin 3-O-glucoside, p-coumaric acid, ferulic acid.

O. tenuif lorum Ecuador, Greece, India, Indonesia, Saudi Arabia, South Africa,
Thailand, Turkey, USA, Vietnam, Yemen

Rosmarinic acid, apigenin, luteolin, ursolic acid, caffeic acid, quercetin, luteolin
7-O-glucuronide, apigenin 7-O-glucuronide, oleanolic acid, ferulic acid

O. gratissimum Brazil, Cameroon, China, Democratic Republic of Congo, India,
Nigeria, Taiwan, Turkey

Rutin, caffeic acid, vicenin-2, ellagic acid, chicoric acid, phytol, caryophyllene,
thymol, rosmarinic acid, chlorogenic acid

O. citriodorum Indonesia, Portugal, Romania, Thailand Rutin, chicoric acid, rosmarinic acid, quercetin 3-o-glucoside, caffeic acid,
eugenol, salvianolic acid B, quercetin 3-O-malonylglucoside, caffeic acid 3-
glucoside, genistein

O. americanum Africa Caffeic acid, rutin, rosmarinic acid, chlorogenic acid, gallic acid, quercetin 3-o-
glucoside, apigenin, luteolin, p-coumaric acid, caftaric acid

O. campechianum
Mill.

Ecuador Rutin, rosmarinic acid, chlorogenic acid, caftaric acid

O. canum Ghana Rosmarinic acid, salvianolic acid B
O. forskolei Saudi Arabia Hesperidin
O.
kilimandscharicum

Egypt Rosmarinic acid, rutin, quercetin 3-o-glucoside, ursolic acid, apinenin 7-o-
glucuronide, sinapic acid, apigenin 7-o-glucoside, quercetin-3-O-deoxyhexosyl
(1−2)deoxyhexoside, 1-Feruloyl-5-caffeoylquinic acid, dimethyl quercetin

O. labiatum South Africa Labda-8(17),12E,14-triene-2R,18-diol, Pheophytin-a
O. menthiifolium Saudi Arabia Caftaric acid, vitexin, kaempferol-3-O-rutinoside, 5-O-demethylnobiletin,

apigenin 7,4′-diglucoside, euscaphic acid, linarin, Scutellarein-4′-methyl ether-
7-O-rutinoside, Labda-8(17),12E,14-triene-2R,18-diol, Pheophytin-a

O. selloi Brazil Rutin, chicoric acid, vicenin-2, cirsimaritin, luteolin 4-O-glucoside
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americanum, O. basilicum, O. campechianum, O. canum, O.
citriodorum, O. gratissimum, and O. tenuif lorum. These are the
most commonly found across Ocimum species. Moreover, we
can notice that the majority of detected compounds are part of
the flavonoid and phenylpropanoid (Figure 3C) chemical
superclasses, which is consistent with the extraction methods
considered in our methodology.
In Table 2, we can observe the top 10 most frequently

detected molecules in different Ocimum species and countries
(in some cases only a few numbers of molecules have been
detected). In Figure 4A and B, we present the main
metabolites in the two most abundant molecular superclasses.

We can examine how the chemical skeleton is very similar
between molecules and here lies the difficulty of naming due to
the spatial arrangement of the molecules. Moreover, we can
notice (Table 2) that many compounds were not detected in
all species. However, it is probably a result of a nonstandard
methodology for identification. Many of these compounds
(gallic acid, p-coumaric acid, ferulic acid, etc.) are related to
the same metabolic route (phenylpropanoid pathway) with the
p-coumaric acid as a core metabolite,28 as we can also see in
the structural similarity (Figure 4A and B).
Moreover, for rosmarinic acid, besides 37 articles with direct

references, 2 others refer to derivative compounds. A similar

Figure 4. (A) Principal molecules reported from the flavonoid superclass in all Ocimum species. (B) Principal molecules reported from the phenolic
acid superclass in all Ocimum species.
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situation was also found with quercetin glycosylated derivate
and ferulic acid derivate. The most abundant type of molecules
are the flavonoids, and, in this superclass, the following classes
are ranked as follows: flavones, flavonols, flavanones, flavan-3-
ols, dihydroflavonols, and chalcones with 35, 30, 9, 2, 2, and 1
molecule(s), respectively.

The terpenoid superclasses were not included, because in
our study we excluded all articles with chemical character-
izations of essential oils. In these studies, we should expect a
wide range of terpenoids, so the chemical diversity and even
the number of articles with identification for this family of
compounds could be underestimated. This was why we did not
focus our discussion on this family of molecules, where a

Figure 5. Molecules were not classified (n = 36) using the NPClasiffier algorithm. Several anthocyanins (cyanidins, pelargonidins, and peonidin)
and some phenolic compounds (resorcinol, pyrogallol, and catechol) were found.
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further review is needed. Moreover, several molecules were not
classified (n = 36) using the NPClassifier algorithm (Figure 5).
A closer look at these molecules reveals several anthocyanins
(cyanidins, pelargonidins, and peonidin), some phenolic
compounds (resorcinol, pyrogallol, and catechol), quinone
derivate (hydroquinone and glycosylated hydroquinone), and
other molecules like ascorbic acid and glycerol.

3.3. Chemical Composition Across Different Analyt-
ical Methods. Mass spectrometry in combination with liquid
or gas chromatography is the most common strategy for
compound identification in natural products. In Table 3, we
can clearly notice that the number of compounds identified
using mass spectrometry combined with LC or GC is actually
high.

The use of only GC or LC in almost all articles is focused on
the identification of specific compounds, requiring reference
standards for retention time confirmation. However, a full
metabolomic exploration was carried out in combination with
mass spectrometry. Of course, several factors can affect the
amount of identified compounds: mass instrument parameters,
general annotation strategy (i.e., reference standards, literature
reference, and library-based annotation), identification experi-
ence, derivatization, general sample treatment, and even
general chromatographic conditions. On the same page, the
compounds reported in Egypt, Brazil, Israel, and India were
detected using mainly GC-MS, while Italy, Pakistan, Portugal,
Romania, and South Africa reported compounds mainly
identified using LC-MS. In alcoholic extracts, more com-
pounds were identified using GC-MS than LC-MS (131 vs
94). However, the degree of agreement is quite low. For
example, in alcoholic extracts comparing GC-MS and LC-MS,
only 17 molecules have been commonly detected: arachidic
acid, caffeic acid, catechin, chlorogenic acid, ellagic acid,
epicatechin, eugenol, ferulic acid, gallic acid, linalool, oleic acid,
palmitic acid, p-coumaric acid, protocatechuic acid, stearic
acid, vanillic acid, and α-linolenic acid.
In the hydro-alcoholic extract, as should be expected, the

majority of identified compounds (n = 60) were identified
using LC-MS. Interestingly, between hydro-alcoholic and
alcoholic LC-MS identifications, we found 28 molecules in
common: apigenin, caffeic acid, caftaric acid, chicoric acid (2,3-
dicaffeoyl-L-tartaric acid), chlorogenic acid, cirsilineol, cirsi-

maritin, epicatechin, eugenol, gallic acid, gentisic acid,
kaempferol, linalool, linoleic acid, lithospermic acid A, luteolin,
p-coumaric acid, protocatechuic acid, quercetin, quercetin 3-O-
glucoside, rosmarinic acid, rutin, sinapic acid, stearic acid,
ursolic acid, vanillic acid, and vicenin-2.

4. CONCLUSIONS
This study presents a systematic review of the principal
findings of chemical composition and different extraction
methods in basil species, excluding the studies that were
performed ex vivo and in vivo with animal models, EOs extracts,
and nanoparticles. A total of 356 articles were retrieved from
the PubMed database and further analysis.
The first interesting finding we obtained was that 189

articles do not mention chemical composition; most of these
articles mention the total antioxidant capacity or total phenolic
content but not the identification of molecules. These types of
articles, in which no tentative identification is made of the
main compounds, do not permit chemical analysis related to
species or even possible bioactive relationships. Although both
techniques (GC-MS and LC-MS) lead to major compound
identification, the methodology used in these articles requires
further reviewing because we found a very low agreement
between the compounds identified using the same extraction
procedure. Moreover, in all the articles with chemical
composition analysis, we found only 12 Ocimum species. Of
these species, O. basilicum and O. tenouf lorium comprise the
majority of the published articles, indicating that a wide
spectrum of basil species is mostly unknown.
We extracted more than 300 molecules across the 79

processed articles, but many of these molecules were not
systematically found across the same species and similar
experimental methods. Even so, one can notice a wide variety
of chemicals: flavonoids, phenolic acids, terpenoids, anthocya-
nins, and others. These varieties of molecules, some of them
with well-known biological activity, should be a driving force to
continue the study of chemical constituent in this genus. These
plants can be a source of useful bioactive molecules, as proven
by the high number of articles (189 in our review) related
almost exclusively to the biological effect of their extracts.29,30

Recent works, also reviews but across different genera, have
focused on relating the identified molecules with their possible
biological functions.31−34 In our case, even when occasionally
discussed, the focus was to explore the chemical space, species
identification, and consistency across experimental methods.
The presented list of molecules could be valuable for further
computational as well as experimental assays focused on the
identification of specific compound−activity response. In this
sense, in order to improve the reproducibility and even the
causes of the chemical variation of these plants, we need to
include other variables likes plant maturity (or at least
morphological information),34 combine different analytical
methods (i.e., liquid and gas chromatography), and simulta-
neously study a wide number of species under similar or
identical sample preparation, chromatographic, and mass
spectrometry conditions.

5. FUTURE PERSPECTIVES
Our study focused on specific extraction procedures. We
rejected all articles related to essential oil characterization.
However, several molecules detected in alcoholic extracts are
probably present also in essential oils. A similar analysis needs

Table 3. Compounds Identified with Different Extraction
and Identification Methods

Analysis methods Extraction method Number of compounds

GC Hydroalcoholic 2
GC-MS Alcoholic 131

Ethyl acetate 24
Hydroalcoholic 12
Water 31

LC-UV Alcoholic 25
Alcoholic-acid 12
Ethyl acetate 27
Hydroalcoholic 40
Water 37

LC-MS Alcoholic 94
Alcoholic-acid 1
Ethyl acetate 70
Hydroalcoholic 60
Water 55

ACS Omega http://pubs.acs.org/journal/acsodf Review

https://doi.org/10.1021/acsomega.3c00043
ACS Omega 2023, 8, 10747−10756

10754

http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c00043?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


to be carried out for EO extraction and also across different
species. We also recommend expanding further the review,
exploring different sample preparation, chromatographic, and
mass spectrometry conditions in order to better explain the
low agreement in identification across different studies, even
with similar extraction protocols.
Our findings also indicate that in the Ocimum genus, an

extensive chemical composition study has been only explored
in a few species, especially O. basilicum and O. tenouf lorium.
Considering the wide variety of compounds with potential
bioactive effects we found, it is important to expand our
experimental studies into a wide variety of species, taking into
consideration the geographical location and the plants’
developmental stage as well as the combination of different
chromatographic approaches. Finally, the provided list of
molecules identified in our review could be used for exploring
(or validating) biological functions by using experimental
protocols or computational modeling.
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