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Abstract: This work focuses on the study
of the antimicrobial activity of essential
oils of orange. Several studies have shown
that the essential oils of orange species
Citrus sinensis have better inhibitory
activity against Gram positive bacteria
(Staphylococcus aureus) than Gram
negative bacteria (E. coli). However, the
determination of the efficiency of essential
oils on microbial agents remains difficult
to achieve, because of some uncontrollable
external  parameters such as the
composition of essential oils, which varies
according to environmental conditions.
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Introduction:

Bacteria and fungi are the most dangerous
microorganisms causing health problems.
In the perpetual fight against microbial
infections, antibiotics have been regarded
as the ultimate weapon. But the
phenomenon of antibiotic resistance of
different genera and species and the side
effects of synthetic drugs, underestimated,
have brought herbal medicine back to the

fore. Humans have used natural substances
in a wide range of pharmaceutical, food
and cosmetic industries (Taghigolmakani
& Moayyedi, 2015).

Citrus fruits are of considerable economic
importance to many countries. The same is
true for Algeria where they constitute a
source of employment and economic
activity both in the agricultural sector and
in various auxiliary branches (Farhat et al.,
2010).

Among the Citrus fruits, there is the sweet
orange, cultivated in Algeria in all regions
(https://www.sante-
dz.com/conseils/2008/5/10/tout-sur-
lorange-une-baie-particuliere).
Considerable interest has been generated in
essential oils extracted from aromatic
plants with antimicrobial activity against
pathogenic microorganisms. Many studies
have been carried out to estimate the
antiseptic power of essential oils for a very
long time (Chutia et al., 2009 ; Jafari et al
., 2011).

The general principle of essential oils is
that they can be used in all foods, and are
generally  considered safe (GRAS,
Generally Recongnised As Safe). Citrus
zest accounts for about 45% of the total
fruit weight, available as a by-product of
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citrus processing, which creates - Alcohols, such as borneol in the Borneo

environmental problems (Ferhat et al.,
2011). Although Citrus fruits are mainly
used for dessert, its essential oils have
significant economic value due to its
aromatic compounds (Minh et al., 2002).

1. General information on essential oils
According to Durvelle (1893-1930),
essences or, also known as volatile oils,
perfumes, etc., are oily, volatile odorous
substances, poorly soluble in water, more
or less soluble in water, in alcohol and in
ether, colorless or yellowish, flammable
and which easily deteriorate in air and
become resinous. They are liquid at
ordinary temperature, some are solid or
partly crystallized, they do not have the
greasy and creamy feel of fixed oils, from
which they are distinguished by their
volatility. Their smell is more or less
strong, sweet, pungent or unpleasant. They
have the property of not leaving a lasting
stain on the paper. Most of the essential
oils are produced by the plant organism
(Charabot et al., 1899).

According to Naves (1976), none of the
definitions of essential oils have the merit
of being clear or precise. Essential oils are
mixtures of various products from a plant
species, these mixtures pass with a certain
proportion of water during a distillation
carried out in a stream of water vapor. This
definition can be extended to essential oils
obtained by cold expression of the peel or
zest of Citrus fruits, because of the
intervention of water in the mechanical
processes to entrain the product released
from the oleiferous cells (Naves, 1976 ).
The Funk and Wagnalls Encyclopedia
(2004) describes essential oils as volatile
liquids, mostly insoluble in water, but free
in alcohol, ether, and vegetable and
mineral oils. They are usually non-oily on
contact with the skin. Their components
can be grouped into six classes according
to their chemical structure:

- Hydrocarbons, such as limonene in lemon
oil;

camphor tree;

- Esters, such as methyl salicylate in
wintergreen oil;

- Aldehydes, such as benzoic aldehyde in
bitter almond oil;

- Ketones, such as menthone in peppermint
oil;

- Lactones and oxides, such as coumarin
from tonka beans (Funk & Wagnalls,
2004).

AFNOR (2000) has defined essential oils
as products obtained either from natural
raw materials by water or steam
distillation, or from fruits of Citrus by
mechanical methods and which are
separated from the aqueous phase by
physical methods. Bruneton (Bruneton,
1999) defines the terms most commonly
used in this field, such as:

- Floral ointment: Perfumed fatty substance
obtained from flowers, either by cold
enfleurage or by hot enfleurage;

- Resinoid: Extract with a characteristic
odor, obtained from a dry raw material of
natural origin, by extraction with a non-
aqueous solvent;

- Concrete: Extract with a characteristic
odor obtained from a fresh raw material of
plant origin, by extraction with a non-
aqueous solvent, followed by the removal
of this solvent by physical processes;

- Absolute: Product having a characteristic
odor, obtained from a concrete, a floral
ointment or a resinoid by extraction with
ethanol at room temperature, the ethanolic
solution obtained is generally cooled and
filtered in order to remove waxes;

- Spices: Natural plant products or
mixtures thereof, without foreign matter,
which are used to impart flavor and aroma
and to season foods, the term applies to
both the whole product and the product in
powder.

2. Antibacterial activity

Antibacterial activity is determined by the
aromatogram method. The principle of the
method is based on the inhibition of
microbial growth in the Petri dish after a
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certain time of contact between the product against the strain studied (Bacillus

and the target microorganism. The effect of
the antibacterial product on the target is
assessed by measuring a zone of inhibition.
Depending on the diameter of inhibition,
the strain will be qualified as resistant (-)
for diameters less than 8 mm; sensitive (+)
for diameters from 8 to 14 mm; very
sensitive (++) for diameters of 15 to 19
mm and extremely sensitive (+++) for
diameters greater than 20 mm (Himed et
al., 2014).

An Algerian study (Himed et al., 2014) on
the evaluation of the power of the essential
oil of Citrus limon, extracted by
hydrodistillation of the fresh lemon zest
harvested in the region of Takariet wilaya
of Bejaia, on bacterial strains involved in
contamination and spoilage of foodstuffs
(Gram-positive bacteria: Staphylococcus
aureus and Gram-negative bacteria: E.
coli) showed that the bacterial strains
tested are sensitive to the essential oil
studied, they have also found that Gram
positive strains (Staphylococcus aureus)
are the most sensitive strains compared to
Gram negative strains (E. coli).

The Minimum Inhibitory Concentration
and Minimum Bactericidal Concentration
make it possible to determine the
bactericidal and bacteriostatic power of the
essential oil studied. They found that all
the strains were totally inhibited at 1000
pg.ml® . Gram positive  bacteria
(Staphylococcus aureus) are the most
sensitive to the essential oil studied
compared to Gram negative bacteria with
MIC and MBC of 240 pg / ml and 300ug /
ml respectively. According to their results,
the MBC/ MIC ratio is less than 4,
therefore the essential oil studied has
bactericidal power against the bacterial
strains tested (Canillac & Mourey, 2001).
Another Algerian study conducted by
Boughendjioua & Djeddi (2017) concluded
that essential oils(cold extraction of the
upper part of the pericarp or fresh lemon
zest from the Collo wilaya region of
Skikda) shows no zone of inhibition

subtilis). These bacteria have a very high
resistance potential against the
antibacterial action of the essential oil of
Citrus. It is well known that Gram-positive
bacteria are more sensitive to essential oils
than Gram-negative bacteria, but the
mechanisms of action of essential oils and
their selectivity towards certain bacteria
remain poorly understood to date. It should
also be noted that no significant correlation
was observed between the content of the
chemical components and the antibacterial
activity of the essential oil of Citrus tested
for the strains. In fact, the major

component  limonene  of  essential
0il(61.65%) demonstrated lower
antimicrobial ~ efficacy. From  these

observations, it is evident that limonene
did not exert any influence on the
antibacterial potential of the essential oil
tested.

The results of a Tunisian study (Ben
Hsouna et al., 2017) of the antimicrobial
power of the essential oil of Citrus limon
(extraction by hydrodistillation of the
flowers of Citrus limon collected in the
Cap Bon region of Tunisia) on bacteria
Gram positive (Bacillus subtilis and
Staphylococcus aureus) and Gram negative
bacteria (Escherichia coli) that
contaminate food have shown that Gram
positive bacteria are more sensitive with a
range of 0.078 to 0.625 mg / ml.

The antibacterial power of Citrus medica
L. var. sarcodactylis (Extraction by
hydrodistillation) studied by a Chinese
team on these same strains (Ze-Hua et al.,
2019) showed that lemon essential oil is a
bacterial inhibitor and a bactericide. The
diameter of the growth inhibition zone was
measured. Ciprofloxacin was used in this
experiment as a positive control.

The results of the majority of these studies
showed that Citrus essential oil had some
antibacterial activity against all pathogens
tested. This activity is associated with the
phytochemical components of essential
oils or with the monoterpene or
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sesquiterpene  hydrocarbon and their well understood. Due to the complexity of

oxygenated derivatives which are the main
components of essential oils exhibiting
antimicrobial activities (Cakir et al., 2004).
In addition, the essential oil showed better
activity against Gram-positive bacteria
than Gram-negative bacteria. This could be
attributed to the structure of the bacterial
membrane for Gram-negative bacteria
which possess a membrane rich in
liposaccharides ~ which ~ provide a
hydrophilic surface (Shakeri et al., 2014),
and therefore the latter acts as a penetration
barrier which blocks macromolecules from
entering the cell (Kong et al., 2014). As a
result, Gram negative bacteria are
relatively  resistant to  hydrophobic
antibiotics.

The essential oils most studied for their
antibacterial properties belong to Labiatae:
oregano, thyme, sage, rosemary, clove are
all aromatic plants with essential oils rich
in phenolic compounds such as eugenol,
thymol and carvacrol. These compounds
have  strong  antibacterial  activity.
Carvacrol is the most active of all, known
to be non-toxic, it is used as a preservative
and food flavoring in drinks, sweets and
other preparations. Thymol and eugenol
are used in cosmetics and food. These
compounds have an antimicrobial effect
against a broad spectrum of bacteria: E.
coli, Staphylococcus aureus, Bacillus
cereus, Listeria monocytogenes,
Clostridium spp and Helicobacter pylori
(Pauli, 2001).

Belleti et al. (2004) and Fisher et al.
(2007), demonstrated that the essential oil
of Citrus are effective against pathogenic
bacteria, bacterial spores, but also on
certain bacteria responsible for food
poisoning such as: Mycobacterium jejuni,
Listeria monocytogenes, E. coli O157: H7,
Staphylococcus aureus, Salmonella
thyphimurium, and Acrobacter butzleri.

3. Mechanisms of antibacterial action
The mechanisms by which essential oils
exert their antibacterial activity are not

their chemical composition, it is difficult to
give a precise idea of the mode of action of
essential oils. It is likely that their
antibacterial activity is not attributable to a
single mechanism, but to several sites of
action at the cellular level (Dorman &
Deans, 2000).

Burt (2004a) argued that the important
characteristic of essential oils is attributed
to the hydrophobicity of some of these
components which allows them to easily
cross the phospholipid bilayer of the cell
membrane altering its permeability and
resulting in abnormal ion losses, or even
macromolecules. Oussalah et al. (2006),
suggests that the action of essential oils on
microbial proliferation is through alteration
of the membrane permeability of bacteria
by disrupting ion transport systems,
electron transport and energy production.
The way essential oils work depends on the
type of microorganism. In general, Gram
negative bacteria are more resistant than
Gram positive bacteria due to the structure
of their outer membrane. Thus, the outer
membrane of Gram-negative is richer in
lipopolysaccharides (LPS) making it more
hydrophilic, which prevents hydrophobic
terpenes from adhering to it (Cristiani et
al., 2007).

4. Methods for determining antibacterial
activity

A review of the bibliographic data reveals
the diversity of methodologies used to
demonstrate the antibacterial activity of
essential oils. The choice of method is
conditioned by the insolubility of essential
oils in agueous media, their volatility, and
the need to test them at low concentrations.
4.1. Aromatogram: The aromatogram is
based on a technique used in medical
bacteriology called antibiogram or disc
method or method by diffusion in agar
medium. The technique consists of using
paper discs impregnated with the different
substances to be tested, then deposited on
the surface of an agar plate uniformly
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inoculated with a suspension of the
bacteria to be studied. After incubation,
colonies grow on the surface of the agar,
leaving blank areas around the discs called
the zone of inhibition : more the diameter
of inhibition zone is larger, more the strain
IS sensitive to the test substance, more the
bacterium is smaller and larger more it is
resistant. The diameter of these zones of
inhibition is  proportional to  the
bacteriostatic activity of the essential oil on
the germ tested. This activity can be
expressed either by indicating directly the
diameter of the zone of inhibition in
millimeters, or by translating the degree of
activity as a cross (Guerin & Carret, 1999).
4.2. Well diffusion method: Method
proposed by Cooper in 1946 and taken up
by Shroeder and Messing in 1949. It
provides radial diffusion of the essential oil
from a well giving a clear, easily
measurable zone of inhibition. The method
involves cutting a circular hole in the agar
and pouring a solution of the essential oil
of known strength into it. The essential oil
diffuses radially, giving a circular zone of
inhibition on the surface of the agar
previously seeded with the bacterial
suspension (Khabat Noori et al., 2020).
4.3. Dilution method: The essential oils to
be tested can also be directly mixed in a
known concentration with the culture
medium, whether solid or liquid (requires
homogeneous dispersion by an emulsifier).
The medium is then inoculated with a
determined rate of microorganisms, after
incubation, the presence or absence of
culture is noted. The reading can be visual
or using a spectrophotometer, the degree of
inhibition is related to the turbidity of the
medium (Robert- Demuet, 1995).

4.4. Micro-atmosphere method: This
technique consists in cultivating the
microorganisms to be tested in the Petri
dishes on an appropriate culture medium.
The difference lies mainly in the position
of the disc impregnated with essential oil
which is placed in the center of the lid of
the Petri dish, inverted after fixing the

essential oil on the disc. It is therefore not
in contact with the agar medium. The oil
evaporates in the atmosphere of the tin, it
can exert its inhibitory effect on the
microorganisms tested (Pibiri et al., 2003 ;
Khabat Noori et al., 2020).

Conclusion:

Citrus essential oils represent an important
class of chemicals secreted by plants, with
several benefits for human health.

It is a concentrate of oily substances,
generally strong odor and flavors,
extracted from the different parts of certain
aromatic plants, from flower stems, roots
or leaves. They are used as ingredients in
perfumery or as a flavoring agent in food.
They are widely wused in the
pharmaceutical and cosmetic industry.
Sweet orange oils have not shown any
antibacterial effect on E. coli, according to
studies, this is due to the resistance
potential that this bacterium has against the
antagonistic effect of essential oils. In
contrast, S. aureus exhibited moderate
susceptibility to essential oils.
Gram-positive bacterial strains are the
most sensitive to orange essential oils, this
is due to the difference in the structure of
the cell wall of bacteria.
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