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Abstract

Ocimum gratissimum is a plant native to

Africa. Its leaves have been used in local

dishes over the years, with documented

evidence of varying pharmacological uses of

its essential oil. This review focuses on the

extraction methods, phytochemical

constituents, pharmacological uses and

formulation approaches of Ocimum

gratissimum essential oil. The traditional

extraction methods that have been widely

used include the solvent, cold press and

hydrodistillation methods. However, newer

methods such as steam distillation,

ultrasound and microwave assisted

hydrodistillation, supercritical fluid

extraction, pressurized liquid extraction and

pressurized hot water extraction methods

have not been fully reported. These methods

provide more yield of the essential oil

compared with the traditional methods and

their processes are less laborious.

Furthermore, they are often limited to

analytical applications as they cannot handle

large quantities of samples. The

phytochemical constituents of Ocimum

gratissimum essential oil vary, based on

location of the plant and the time of the

season the plant parts were harvested for

extraction. The African species have more

thymol than eugenol. Other notable

constituents are saponins, terpenes and

flavonoids in both African species and

others. The essential oil of Ocimum

gratissimum bears the scent of the plant and

other important properties such as protection

of the plant from pests and to attract insects

for cross-pollination. The essential oil of

this plant has been noted to possess various

pharmacological properties which explains

its use in inflammatory conditions and the

treatment of diarrhoeal disease, wound

healing and cerebrovascular disorder,

amongst others. The essential oil of Ocimum

gratissimum has been embedded in gels,

cream, silver nanoparticles and
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nanoemulsion to improve its

pharmacological activity and bioavailability.

This review article highlights the potentials

of the essential oil of this ubiquitous plant as

a therapeutic source for the treatment of

different tropical diseases.

Keywords: Ocimum gratissimum;

essential oil; extraction; Pharmacologic

uses; Phytochemicals.

Introduction

Essential oils are naturally occurring

compounds that have been exploited for

their unique medicinal properties (Lesgard

et al., 2014). They are complex and

multifunctional compounds present in plants

and used by plants for various roles

including defence against herbivores, insects

and microorganisms, and can be used in

signalling communication between plants

(Lesgard et al., 2014). Each plant species

has its own specific mix of essential oils

(Blowman et al., 2018). Essential oils have

been documented to bear the scent or

flavour of its parent plant (West et al., 2023).

The aromatic components of the compounds

contained in the oil are responsible for the

scent it bears (West et al., 2023).

Ocimum gratissimum is called ‘Nchanwu’ in

Igbo language and widely available in our

locality, used in preparing many local dishes

in South-eastern Nigeria. It is native to

Africa, Madagascar, Southern Asia, Mexico,

Panama, Brazil etc (Orwa et al., 2009).

There is the eugenol and the thymol

subtypes. The Eugenol subtype being more

prevalent in India and while the thymol

subtype is prevalent in Africa and parts of

South America (De Castro et al., 2019). The

various species of Ocimum gratissimum

usually produce essential oil but are mainly

used as vegetables for food in local

delicacies. It starts flowering at the about

the 5th month while seeds generally mature

at about the 7th month. Flowering is usually

all year round for South-eastern species

(Rojas-Sandoval et al., 2018). Oil content of

the plants depends on the age of the plant,

with oil content rising with increasing age

(Orwa et al., 2009).

The essential oil of Ocimum gratissimum

has varying phytochemical constituents

depending on geographical location from

where the leaves were sourced and the time

of the season. As the components vary in

location, the medicinal uses also vary with

locations since the medicinal properties are

dependent on its phytochemical constituents

(Sharma et al., 2022). This review article

discussed the extraction methods,

phytochemical constituents,

pharmacological uses and formulation

approaches for the essential oil of this

ubiquitous plant.
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Methods of extraction of essential oils

Extraction methods of the Ocimum

gratissimum essential oil have evolved

overtime from simplified methods such as

solvent method, cold press method and

Clevenger method, a type of hydro-

distillation method, to the more

sophisticated methods such as steam

distillation, ultrasound assisted and

microwave extraction methods, with

advancement in technology. These methods

will now be described in details.

Solvent method

Solvent extraction is a commonly used

method of separation of essential oils based

on the solubility of its constituents. It is

done using immiscible liquids and reserved

for delicate plants like Ocimum gratissimum

to encourage production of higher amounts

of essential oils at lower cost (Wildwood et

al., 2018). Some of the disadvantages of this

method include an extended extraction time,

high solvent usage and difficulty in

reproducibility (Wildwood et al., 2018).

Typically, a soxhlet apparatus is used. The

solvents used are methanol, ethanol or water.

The leaves of Ocimum gratissimum are

crushed in the above apparatus. The solvents

are then added and extraction done for about

6 hours at 40, 50 and 60°C for the ethanol

and methanol extracts respectively. The

water extraction is usually done at 90, 100

and 110 °C (Onyebuchi et al., 2020). An

evaporator is used to collect the crude

extract which is then dried by refrigeration

and stored at a temperature of 4 °C

(Onyebuchi et al., 2020, Amengialue et al.,

2013).
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Figure 1: The solvent method of extraction flow chart (Quezada-Moreno et al., 2019)

Cold pressing method

Cold pressing is a mechanical method of extracting essential oil from different parts of the

plant. It is one of the best methods for essential oil extraction as the resulting oil is usually

100 % pure (Khaskar et al., 2019). In this method, the plant materials are put in a specially

designed container having spike-like components at the bottom which puncture the leaves

and apply pressure as well to release the oils. The contents are then spinned and centrifuged

to separate the oil from the pulp created from the plant material (Dawidowivz et al., 2018).

Previously, the pressing was done by hand while a sponge was used to soak up the essential

oil (Arnould-Taylor et., 1981). The sponges were then placed in a mechanical apparatus like

a vice to press out the oil from the sponge into a container. The principle of this method is

that the spinning and centrifugation punctures the sacs containing the oils. Advantages of

cold pressing method include preservation of the pure form of the oil as heat is not required

which can potentially damage the essential oil. It is not a preferred method of extraction of

Ocimum gratissimum.



Ocimum Gratissimum essential oil Ikeotuonye et al.

JCBR Vol 3 Is 5 Sept-Oct 2023 1182

Figure 2: Processes involved in the cold press extraction method (New directions aromatics,

2023)

Hydro-distillation method

Hydro-distillation is a frequently used method for extraction of essential oils. The essential

oils are obtained by heating a mixture of water or other solvents and the leaves in the case of

Ocimum gratissimum. The vapour is then liquefied in a condenser. A condenser and a

decanter are required to recover the essential oils from water. (Meyer-Warnod et al., 1984).
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Figure 3: Hydrodistillation process (Guha et al., 2019)

Steam distillation method

This is employed for plant products that are sensitive to temperature and are aromatic in

nature such as Ocimum gratissimum. The plant materials are pushed into a container and are

steamed without breaking them into pieces in water. The steam is allowed to pass through the

leaves from the bottom to the top. The vapour is then liquefied allowing for collection of the

essential oil. This method allows vapour pressure to equilibrate ambient pressure at about

100 °C. This ensures that vaporization will occur at temperatures close to that of water (Rai et



Ocimum Gratissimum essential oil Ikeotuonye et al.

JCBR Vol 3 Is 5 Sept-Oct 2023 1184

al., 2014). Nguyen et al., (2020), Maharaj et al., (2020) and Faria et al., (2006) all employed

this method in the extraction of essential oils.

Figure 4: Steam distillation method (Maharaj et al., 2020)

Ultrasound assisted method

This is a new method of essential oil extraction which prevents the damage to heat labile

compounds as it uses sonication, a non-heat thermal method of extraction (Kumar et al.,

2021). It uses the mechanical waves of ultrasound which are more than the frequency range

of human ear, usually greater than 20 kHz (Kumar et al., 2021). This energy generated

together with some solvents are then used to target the desired substances from the plants.

The ultrasound can be delivered using a probe or a bath (Wildwood et al., 2018). The

advantages of this method include: rapid extraction process, protection of heat sensitive

compounds. It is however expensive and not readily available. This method was employed by

Anusmitha et al., (2022), Aloisio et al., (2023) and Sneha et al., (2013) for the extraction of

the essential oil of Ocimum gratissimum. The yield of essential oils from Ocimum

gratissimum leaves were noted to be higher in all the above studies using the ultrasound
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assisted method compared to the unassisted hydrodistillation method. Sample volumes of 5ml

to 1 L can be handled by this method (Moorthy et al., 2015).

Figure 5: Ultrasound assisted hydro-distillation method (Thilakarathna et al., 2022)

Microwave assisted method

In this method, the microwave energy is used to heat solvents with a plant material so as to

partition the target substance from the plant source into the solvent. The advantage of this

method is that the sample-solvent mixture is rapidly heated to produce the target substance or

oil. Other advantages include reduced CO2 emission, energy consumption and costs (Moradi

et al., 2018). The pre-treatment with microwave energy accelerates the conventional hydro-

distillation, steam distillation methods or the solvent approach (Moradi et al., 2018). This
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method was employed by Alara et al., (2020) and Shelar et al., (2016) and they noted an

improvement in the yield of the essential oils of Ocimum gratissimum.

Figure 6: Microwave assisted method of extraction of essential oils (Moradi et al., 2018)

Phytochemical constituents of Ocimum

gratissimum

The phytochemical constituents of Ocimum

gratissimum vary from country to country

and season to season. Joshi (2021) described

differences in the constituents of Ocimum

gratisssimum obtained during summer and

winter. The constituents that are central in

the essential oil of Ocimum gratissimum,

irrespective of season or country of origin

include tannins, flavonoids and saponins.

Other constituents vary according to the

country of location and the season of harvest

of the leaves for essential oil extraction.

Being a plant ubiquitous in the tropics, the

literature search revealed results from

mainly India and Nigeria. Plant extracts

from the Indian subcontinent also contain

large quantities of eugenol unlike extracts

from Africa (Gilles et al., 2023). Eugenol is

an often colourless and sometimes yellow

oily substance extracted from essential oil of

some plants like Ocimum gratissimum,

clove and nutmeg. It is aromatic with a

spicy scent. It has been used as antiseptics
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and in fragrance, insecticides, seasonings

and flavourings. Tannins are substances

which shrinks body tissues and easily bind

fast to other materials. They contain amino

acids and alkaloids and are generally

thought to interfere with absorption of

nutrients in the body (Bate-Smith et al.,

1962). Flavonoids on the other hand are

substances which abound in human diet.

Flavonoids do not have a direct antioxidant

effect (Cornell, 2014). Rather, after their

consumption, they are converted to uric acid

by depolymerisation (Bhavani et al., 2019).

This brings about its antioxidant effect as

noted in the essential oil of Ocimum

gratissimum (Cornell, 2014). Flavonoids

have also been noted to have unproven anti-

cancer effect as well as lower blood pressure

and cardiovascular risk in studies.

Flavonoids in Ocimum gratissimum include

nepetrin, quercetin and rutin (Cornell, 2014).

Other substances that have been extracted

from the essential oil of Ocimum

gratissimum include thymol, gratissimol and

terpene (Bhavani et al, 2019); others include

sinapic acid, rosmarinic acid, luteolin,

hymenoxin and oleanolic acid while using

methanol as the extracting substance

(Venuprasad et al., 2014). Usunobun et al.,

(2016) found varying quantities of sodium,

manganese, calcium, potassium, copper,

zinc and iron in addition to the usual tannins,

flavonoids, alkaloids and saponins. Idigo et

al., (2022) also found epihedrine, spartein,

lectin, reservatol and proanthocyanin. From

the foregoing, it can be deduced that the

phytochemical constitution of the Ocimum

gratissimum may be dependent on the

method of extraction used and the locality

from which the leaves were sourced.

Pharmacological uses of the essential oil

of Ocimum gratissimum

The essential oil of Ocimum gratissimum

has a wide range of pharmacological

activity and has been touted as a potential

new drug due to its immense qualities. From

available literature, the essential oil of

Ocimum gratissimum has antioxidant, anti-

inflammatory, anxiolytic, neuroprotective,

immunomodulatory, anti-microbial, wound

healing, analgesic and cytotoxic properties.

These pharmacological activities put

Ocimum gratissimum out as a potential new

drug that may offer alternatives for diseases

such as bacterial infection, diarrhoea,

diabetes, musculoskeletal pain,

helminthiasis and cancer (especially with its

antioxidant and immunomodulatory

capacity). These activities will be described

in details below.

Antioxidant effect

The antioxidant effect of Ocimum

gratissimum is proven. In vivo studies on

rats and mice showed significant inhibition

of peroxidase activity and ferrous sulphate

when compared with a known antioxidant
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like vitamin C (Njoku et al, 2011). It may

help to reduce the effects of oxidative stress

in the body.

Anti-microbial activity

Anti-microbial property of Ocimum

gratissimum essential oil against

Staphylococcus aureus, Escherichia coli and

Salmonella typhi has been demonstrated

(Adebolu et al., 2005). These organisms

have been implicated in diarrhoeal and

gastrointestinal diseases. The minimum

inhibitory concentration (MIC) of Ocimum

gratissimum ranges from 0.001 to 0.1% (v/v)

(Adebolu et al., 2005).

Anti-inflammatory/analgesic activity

Anti-inflammatory/analgesic property of O.

gratissimum essential oil has also been

demonstrated hitherto (Sahouo et al, 2003).

This effect is mediated through its activity

on cyclooxygenase and lipoxygenase

enzymes in the prostaglandin H2 system at

IC50 values of 125 µg/ml and 144 µg/ml for

both enzymes (Sahouo et al, 2003). This

property of O. gratissimum may be useful in

treating musculoskeletal pain and other

inflammatory conditions.

Neuroprotective activity

The essential oil of O. gratissimum have

also shown promise in disease conditions

that cause cerebral ischemia as seen in some

types of stroke. The neuroprotective effect

was thought to be executed through its

antioxidant effect on oxidative stress. When

the middle cerebral artery of Wistar rats

were occluded to produce cerebral ischemia,

with pre-treatment using the Ocimum

gratissimum essential oil (150 mg/kg or 300

mg/kg), there was significant attenuation of

the oxidative stress and neurologic deficits

produced by the occlusion of the middle

cerebral artery, showing a possible

neuroprotective characteristic (Bora et al,

(2011); Imosemi et al, (2017).

Immunomodulatory activity

Some studies have demonstrated the

immunomodulatory effect of O.

gratissimum. A study by Akachukwu et al,

(2011) showed an increase in the

haematocrit level when albino rats were fed

with the essential oil of Ocimum

gratissimum. The study also noted an

increase in the antibody titre of the rats

suggesting that its immunomodulatory

activity is mediated through stimulation of

antibodies. Okojie et al, (2016) noted also

an increase in packed cell volume, platelet

count, interleukin-2 and CD4 counts which

were dose dependent. Other studies that

corroborated this are Chien-Cheung et al.,

(2014); Ugbogu et al., (2021) and

Valdivieso et al., (2019).

Cytotoxicity
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The extracts of the leaves of Ocimum

gratissimum have demonstrated anticancer

activity across several cancer cell lines. In

vivo activity has also been reported

suggesting that the leaf extracts can become

potential anticancer agents. Chen and co-

workers showed that the aqueous extract of

Ocimum gratissimum was able to induce

cellular apoptosis and antiangiogenic effects

in lung cancer cell lines (adenocarcinoma)

(Chen et al., 2011). Absence of apoptosis

and angiogenesis are essential steps in

cancer prognosis. A review by Ohiagu et al.,

(2021) showed that the caffeic acid and

Oleanolic acid in Ocimum gratissimum

possessed anticancer activity against breast,

cervical, pancreatic, colon, bone and

prostate carcinomas. They noted that other

anticancer substances in the extracts of

Ocimum gratissimum include saponins,

thymol, alkaloids, citral, geraniol and

eugenol.

Wound healing

Ibezim et al., (2018) demonstrated that the

ointment of Ocimum gratissimum showed

superior wound healing effect when

compared with cicatrin powder. Orafidiya et

al., (2003) also showed from their studies

that the topical application of Ocimum

gratisimum promoted better wound healing

than cicatrin powder used as control and

Cetavlex® cream when applied on rabbit

wounds for 15 days. Ocimum gratissimum

ointment even demonstrated further healing

properties where Cetavlex® cream did not,

after a three-day wash out period. The above

were corroborated by studies conducted by

Osuagwu et al., (2004) and Umeh et al.,

(2022)

Previously employed formulation

approaches for Ocimum gratissimum

Formulations of substances have been made

to protect the bioactive contents of the

substance, make the substance more stable

under physical conditions and in some cases,

to enhance its bioactivity. The extracts of

Ocimum gratissimum have been embedded

in nanoemulsions, nanoparticles, gels and

creams.

Nanoemulsions

A nanoemulsion is a colloid, consisting of

the dispersion of two liquids that do not mix,

with one acting as the dispersed phase while

the other liquid acts as the dispersion

medium. The components of nanoemulsion

include oil, surfactants, water and water-

soluble co-solvents. Some of the surfactants

that have been used include tween

(polyoxyetylene derivatives), cremophor

(poly oxyl-35 castor oil), polysaccharides

and phospholipids (Quian et al., 2011).

Nanoemulsions enhance the ability of

several drugs because of their characteristics

which include high solubilization,

transparency or translucence, small droplet
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size, low viscosity, large surface area,

kinetic stability and the ability to protect

encapsulated active substances (Kumar, et al,

2021). Formulation of nanoemulsions can

be achieved using either a high energy

method like ultrasonication, high pressure

homogenization and microfluidization. Low

energy method involves phase inversion

emulsification and self-nanoemulsification.

Low energy methods are preferred to high

energy methods as they need less equipment

and have better cost-benefit profile due to

the low energy it requires. Nanoemulsions

are usually reserved for hydrophobic drugs

which have solubility and bioavailability

issues as described by Chuo et al., (2023),

Karthik et al., (2023), Quian et al., (2011).

Nanoemulsions of Ocimum gratissimum

have been used to improve the antimicrobial

activity of the essential oil of Ocimum

gratissimum and has been demonstrated in

studies by Mahajan et al., (2021); Araujo-

Silva et al., (2016); Ontao et al., (2021); and

Okonkwo et al., (2020).

Silver Nanoparticles and gel

Extracts of Ocimum gratissimum have been

embedded in silver nanoparticles. Silver

nanoparticles have distinctive features such

as being highly mobile, having specific

surface area and having smaller sizes than

their parent compounds (King et al., 2023).

These properties have become advantageous

in their application to medicine such as drug

carriers, anti-cancer therapy, medical

diagnosis and imaging. As nanoparticles can

circulate freely in the blood and targeted at

specific tissues, it has also been found

useful in the treatment of neurological

conditions such as Parkinson disease,

Alzheimer disease and multiple sclerosis.

Prabu et al, (2017) described the use of gel

incorporated with silver nanoparticle of

Ocimum gratissimum in the treatment of

acne vulgaris. Mfon et al., (2020) described

the embedding of zinc oxide nanoparticle of

Ocimum gratissimum leaf extract.

Creams

Keziah et al., (2015) produced a cream of O.

gratissimum as mosquito repellants using

the method described by Adeniran and

Fabiyi (2012). The creams produced showed

comparable repellent activity to

conventional repellents. Ilomuanya et al.,

(2018) formulated and evaluated a poly

herbal anti-oxidant facial cream, containing

ethanol extracts of Psidium guajava and

Ocimum gratissimum, which showed

effective antioxidant property.

Conclusion

Ocimum gratissimum essential oil has

shown huge promise as a therapeutic agent

in the treatment of different ailments in the

tropics. Being a ubiquitous plant with

varying inexpensive and available methods

for its extraction, improvement of its
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pharmacological activities can be achieved

using encapsulation by nanoemulsion and

other formulation approaches to ensure its

efficacy, improve its solubility and

bioavailability.
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